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Aging in the male is associated with both a higher incidence of type 2 diabetes and hypogonadism. However, little
information is available about the complex of symptoms and hormonal changes related to partial androgen deficiency in
aging (called andropause) in type 2 diabetic men. Here, for the first time, we used a combination of clinical and hormonal
criteria to define andropause and to analyze the relationships between the androgen environment and glucose metabolism
in 55 type 2 diabetic men (63.6 = 7.9 years, mean = SD). Low plasma levels of total testosterone (=3.4 ng/mL) and free
testosterone (=11 pg/mL) were found in 20% and 54.5%, respectively, of the diabetic men. The fraction of diabetic men with
subnormal levels of total testosterone increased with aging: 14.2% (50 to 59 years), 17.4% (60 to 69 years) and 36% (> 70
years). The corresponding figures for subnormal values of free testosterone were 38%, 69.6%, and 54.5%, respectively. In the
whole group of type 2 diabetic men, no significant linear correlations between total or free testosterone with fasting plasma
glucose, insulin, C-peptide, or fructosamine values could be established. Total testosterone was positively correlated with
glycosylated haemoglobin (HbA,_) levels (r = .322, P = .01). Although fasting plasma glucose was marginally higher in aging
type 2 diabetic patients with andropause than in those without andropause (162 = 6.9 v 139 = 8.9, mean + SEM, P = .05),
there were no differences between both subgroups for plasma fasting insulin, C-peptide, fructosamine, or HbA,_ levels.
Replacement therapy (150 mg intramuscular [IM] of enanthate of testosterone every 14 days for 6 months) was applied in 10
type 2 diabetic men with clinical features of andropause associated with subnormal concentrations of serum testosterone.
The treatment induced significant increases in total plasma testosterone (baseline: 3.9 = 0.3; at 6 months: 7.1 = 0.9 ng/mL,
mean + SEM, P = .003) and free testosterone (baseline: 9.3 = 0.6; at 6 months 17.6 = 2.4 pg/mL, P = .003), but had a neutral
effect on overall glycemic control. These data show a high prevalence of andropause in aging type 2 diabetic men and suggest
that the endogenous androgen environment, as well as correction of the partial androgen deficiency, do not have a
meaningful effect on glycemic control.

© 2004 Elsevier Inc. All rights reserved.

GING IN THE male is associated with a higher prevalencein men? Large population-based studies have confirmed that
of diabetes mellitsand exerts a longitudinal effect on men with type 2 diabetes have significantly lower levels of total
serum total and free testosterone levels in healthy men, thuestosterone and show that total testosterone and fasting blood
increasing the prevalence of hypogonadism. glucose are inversely correlated in mfe@n the other hand,
Although elderly patients with diabetes are now living longer treatment with testosterone in men over 65 years of age with
and diabetes in aged adults may prove to be the most importahdw-normal serum testosterone levels decreases the body fat
epidemic of the 21st centufylittle is known about “andro- mass and increases lean body nfsashange that theoretically
pause” in aging diabetic patients, understanding with the ternimproves insulin sensitivity. Some previous studies have
andropause a syndrome of somatic, psychologic, and hormonahown that testosterone administration to middle-aged, obese
changes related to the aged-associated decline in testosteroneen with relative hypogonadism improves insulin sensitiity
levels# We believe the issue to be of potential interest consid-and that other forms of androgen therapy (19-nortestosterone)
ering various facts. Men with type 2 diabetes mellitus exhibit enhances insulin-independent glucose uptake inth&hus, it
lower circulating testosterone levels than age-matched conis possible that testosterone replacement therapy may have
trols5 and low plasma levels of total testosterone in mensome influence on glycemic control in type 2 diabetic men.
predict insulin resistance and the development of type 2 diaHowever, to our knowledge, the effect of testosterone replace-
betes in older adults Total and free testosterone serum valuesment therapy in type 2 diabetic men has never been tested.
are significantly and negatively correlated with the waist-to-hip  To gain further insight into the influence of androgenic status
ratio, and low testosterone levels are strongly associated with an the parameters of glucose metabolism in aging type 2
decrease in total and nonoxidative whole-body glucose disposaliabetic men, we performed a prospective study using several
approaches. First, we studied the clinical and hormonal char-
acteristics that define andropause in aging diabetic patients.
Second, we explored the effect of the relative deficit of andro-
gens on some parameters of glucose metabolism in such pa-
tients. Finally, some type 2 diabetic patients meeting both
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clinical and hormonal criteria of andropause were treated with
testosterone to assess, for the first time, its possible influence on
glycemic control.

PATIENTS AND METHODS
Patients and Control Subjects

Fifty-five men older than 50 (range, 51 to 86 years, meaSEM:
63.6* 1 years) with type 2 diabetes entered the study. Their body mass
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Table 1. Questionnaire of Androgen Deficiency in Aging Men

Do you have a decrease in libido (sexual drive)?

Do you have a decrease in strength and/or endurance?
. Are you sad and/or grumpy?

Are your erections less strong?

Do you have a decrease in sexual activity?

. Do you have less body hair?

Do you have a decrease in memory for recent events?
. Do you have hot flushes?

PN O PN

index (BMI) was 27.6 = 0.45 kg/m? (range, 19.1 to 34.4). Diagnosis of
diabetes mellitus was established by the history or by the American
Diabetes Association (ADA) criterial2 in patients with recent onset of
diabetes. Type 2 diabetes was diagnosed on the basis of a history of
initial successful treatment with oral hypoglycemic agents, as well as
by assessment of residual B-cell function, measuring C peptide serum
levels. All the patients had C-peptide serum levels above the limit of
detection of the radioimmunoassay (RIA), and in 50 of 52 patients, the
concentration was within the range of normality (0.20 to 1.46 pmol/mL,
confidence interval [Cl] 95%). The remaining 2 had C-peptide values
of 0.13 and 0.19 pmol/mL. Inclusion criteriaincluded a positive history
of fertility (indicating previous testicular health), a healthy partner (to
avoid that the answers to the questionnaire used to obtain the clinical
criteria of andropause could be influenced by exogenous factors), and
the absence of clinically overt hypogonadism, the absence of hepatic,
cardiac, or rena insufficiency, and a lack of ingestion of drugs that
could induce hypogonadism. Exclusion criteria included diseases in
which treatment with testosterone should be contraindicated, such as
prostate cancer, active benign prostatic hyperplasia, breast carcinoma,
sleep apnea, or chronic lung disease. All the patients were ambulatory
and were seen in the outpatient clinic. Informed written consent was
obtained after the purpose and the procedures of the study had been
described. The Local Research Ethics Committee of the Hospital Uni-
versitario of Salamanca approved the study protocol.

The duration of diabetes ranged from 2 months to 38 years. Fifteen
patients were treated only with insulin, 14 with oral hypoglycemic
agents plus insulin, and 26 with 1 or a combination of oral hypogly-
cemic agents. Eleven patients had clinically evident atherosclerotic
complications.

To compare hormona serum levels in aging diabetic men, we
included 2 groups of control subjects. One comprised 32 healthy
subjects, aged 33 *+ 5 years, in whom fertility had been demonstrated
in the previous 2 years. The second group included 8 healthy men
without diabetes mellitus and who were of similar age as the diabetic
patients (range, 52 to 76 years; mean = SEM: 64.4 = 3) and with a
similar BMI (mean = SEM: 26.8 + 1.2 kg/m?).

Clinical and Hormonal Criteria of Andropause

To obtain the clinical criteria of andropause, we used a questionnaire
consisting of 8 items related to androgen deficiency (Table 1); thiswas
given to the patient in the presence of his partner. The first 4 questions
were the same as in the validated Androgen Deficiency in the Aging
Male (ADAM) questionnaire of the University of Saint Louis.X3® They
were included in our test because in the analysis of the items of the
ADAM questionnaire they exhibited the highest statistical significance
for differentiation between males with low versus normal bioavailable
testosterone levels. Our questionnaire included another 4 items (ques-
tions 5 to 8) different from those of the ADAM. These 4 additional
items were included because we believe that they better reflect clinical
androgen deficiency than the remaining 6 questions of the ADAM
questionnaire and may indeed improve its specificity (60%). Questions
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5 to 8 of the questionnaire reflect the classic symptoms related to the
decrease in androgen levels in elderly men,# which have aso been
included in an aging males's symptoms rating scale. In 93% of the
visits, the questionnaire was applied by the same person (J.J.C.) and in
the remaining visits by R.M.B. We considered that the questionnaire
was positive and hence the patient met the clinical criterion of andro-
pause when an affirmative answer (“yes’) to questions 1 or 4 or to at
least another 4 of the remaining questions was obtained. A negative
result of the questionnaire was defined as a negative answer (“no”) to
questions 1 or 4 or to at least another 4 of the remaining questions, thus
employing stricter criteria than in the ADAM questionnaire. Our ques-
tionnaire had a sensitivity of 90% and a specificity of 74% when
applied to type 2 diabetic patients.16

We used several hormonal criteria to define partial or relative an-
drogen deficiency in aging men. Criterion A isatotal testosterone level
in serum of =3.4 ng/mL, which represents the mean minus 1 SD of our
healthy young controls. This figure is similar or identica to the level
used to define biochemical andropause by authoritiesin the field'” or in
recent epidemiologic studies.2 Criterion B was a total serum testoster-
one level of =4.2, which represents the 25th percentile of our young
healthy control population. A lower percentile was not chosen to avoid
the inclusion of overtly hypogonadal subjects. Criterion C was a free
testosterone level of =11pg/mL, which represents the lower end of the
normal range in young adults. According to this definition, we consid-
ered that andropause exists when the patient presents both the biochem-
ical and clinical criteria

Hormone and Other Measurements

Blood samples were obtained simultaneously for al the measure-
ments between 8 am to 9 Am. Plasma glucose levels were assayed by a
glucose oxidase method. The techniques used for hormone measure-
ments have been described in detail elsewhere.1819 Total and free
testosterone concentrations were measured by solid-phase #°1 RIA
(Coat-a-Count, DPL, Los Angeles, CA). Luteinizing hormone (LH),
follicle-stimulating hormone (FSH), and prolactin (PRL) levels were
determined by RIA (RIA-gnost; CIS Bio International, Gif-sur-Y vette,
France). Dehydroepiandrosterone sulphate (DHEAS) was determined
using a commercia RIA (Immunotech, Marseille, France). Prostate-
specific antigen (PSA) serum levels were measured by RIA (RIA-
React; CIS Bio International). Insulin was measured using an immu-
noradiometric assay (INS-Irma; Biosource, Nivelles, Belgium).
C-peptide levels were measured using a commercial RIA (C-PEP,
Biosource, Nivelles, Belgium). Glycosylated hemoglobin (HbA ) was
measured using a commercial kit (Menarini Diagnostics, Firenze, It-
ay). Fructosamine was measured using a commercial kit (Fruc; Roche
Diagnostics, Mannheim, Germany).

The sensitivity and the intra- and interassay variation coefficients of
the methods were: 0.04 ng/mL, 5.7% and 6.7%, respectively, for total
testosterone; 0.15 pg/mL, 5.4% and 8.5% for free testosterone; 0.1
miU/mL, 2.9% and 3% for LH; 0.1 mlU/mL, 3.4% and 3% for FSH;
2 plU/mL, 6.9% and 7.8% for PRL; 0.04 ng/mL, 2.2% and 4.2% for
PSA; 1.5 ulU/mL, 6.9% and 8.1% for insulin; 0.04 pmol/mL, 8.2% and
9.3% for C-peptide; 2.5%, 5.2%, and 5.2% for HbA,.; 10 wmol/L,
0.9%, and 2.9% for fructosamine.

Treatment With Testosterone

Ten patients, age 63.8 = 1.9 years (mean = SEM; range, 55 to 73
years) were treated with 150 mg intramuscular (IM) testosterone en-
anthate every 15 days for 6 months. They were selected because they
had the clinical criteria of andropause associated with a total testoster-
one =3.4 ng/mL and/or a free testosterone serum level of <11 pg/mL
and agreed to enter the protocol. The duration of their diabetes ranged
between 2 and 21 years. Four were treated only with insulin, 3 with
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Table 2. Mean (+ SEM) Values of Hormone Serum Levels and Parameters of Glucose Metabolism

Young Controls Aging Controls Diabetic Men
N 32 8 55
Total testosterone (ng/mL) 6.2 + 0.5 5.2 + 0.6* 4.5 + 0.2*
Free testosterone (pg/mL) 16.6 = 0.6 11.8 = 1.6* 11.0 = 0.3*
LH (mlU/mL) 32x04 3.0+0.7 5.8 = 0.6*
FSH (mIU/mL) 45+ 04 6.4 1.2 8.5 + 0.6*
PRL (ulU/mL) 272 = 24 189 = 24 225 + 15
Fasting plasma glucose (mg/dL) ND 85+ 25 149 + 5.9%
Fasting insulin (ulU/mL) ND 12.9 = 3.7 13.7 1.3
Fasting C-peptide (pmol/mL) ND 0.95 = 0.2 0.63 = 0.11
Fructosamine (umol/L) ND ND 318 + 8.9
HbA, (%) ND 4.9 +0.73 7.3+0.2%

Abbreviation: ND, not determined.
*P < .01 v. young controls; TP = .02; $P < .01 v. aging controls.

insulin plus metformin, and 3 only with oral hypoglycemic agents.
Their BMI was 27.1 = 1.4 kg/m? (mean + SEM; range, 19.1 to 30.2).
No patient had been diagnosed with any type of atherosclerotic com-
plication. They were studied before and at 1, 3, and 6 months after the
initial injection of testosterone. On each of these visits, the following
laboratory safety tests were performed: complete blood cell count,
blood pressure, PSA levels and serum hepatic tests, as well as symp-
toms of urinary obstruction. Total and free testosterone levels in the
follow-up were measured in the middle of the interval between injec-
tions. We were able to confirm that the treatment was being complied
upon observation of the expected decrease in the serum LH levels
induced by exogenously added testosterone.

Satistical Analysis

Data were analyzed using the Instat Statistical Software Program
(GraphPad, San Diego, CA). The hormonal and other measurementsin
the different groups were compared using the nonparametric Mann-
Whitney U test after analysis of the distribution of variables. When the
distribution of variables was normal, Student’s t test was used. Rela-
tionships between testosterone levels and the other variables were
determined using the Spearman or Pearson correlation coefficients.
Results were considered statistically significant at P < .05. All P values
are 2-tailed. Values were expressed as means = SEM.

RESULTS

The results of the hormone measurementsin diabetic patients
and their comparison with the corresponding values in healthy
young men and healthy older men are shown in Table 2. In
diabetic patients, the serum levels of total and free testosterone
were significantly lower, while those of LH and FSH were
significantly higher than in younger controls. In nondiabetic
older men, total and free testosterone levels were also signifi-
cantly lower than in the young controls, but no differences were
detected for LH and FSH serum levels. No differences for sex
hormone serum levels were observed between the diabetic and
nondiabetic older men. As expected, fasting plasma glucose
and HbA . values were significantly higher, while fasting C-
peptide values were significantly lower in diabetic men as
compared with nondiabetic aging controls.

The percentages of diabetic patients meeting the different
hormonal criteria of andropause were 20% (criterion A), 43.6%
(criterion B), and 54.5% (criterion C). Ten of 11 (90.9%) of the
patients meeting criterion A, 21 of 24 meeting criterion B
(87.5%), and 27 of 29 (93.1%) meeting criterion C had a

positive questionnaire. As shown in Fig 1, aging was associated
with an increase in the prevalence of diabetic patients present-
ing total testosterone serum levels =3.4 ng/mL. The percentage
of patients presenting total testosterone =4.2 ng/mL or free
testosterone <11 pg/mL was higher in patients 60 to 69 years
old than in those aged 50 to 59 years, but the tendency to
increase was maintained or disappeared in the oldest group.

In the whole group of diabetic patients, no significant cor-
relations could be established between total or free testosterone
serum levels with the BMI, time of evolution since the diag-
nosis of diabetes, or fasting glucose, fructosamine, insulin, and
C-peptide blood levels. Totd testosterone (but not free testoster-
one) was significantly correlated with HbA ;. (r = .322, P = .01).

To further explore the links between the serum levels of
testosterone and the clinical parameters of the diabetic patients,
we subdivided the patients according to 3 BMI categories
(normal, BMI < 27; overweight, BMI 27 to 29.9; and obese,
BMI > 30 kg/m?). Total testosterone serum levels tended to be
lower in the overweight men than in the patients with normal
weight (42 £ 02 v 48 = 0.3 ng/mL, P = .06), but no
differences were found between either obese versus non-obese
or between obese versus normal-weight patients. Free testos-
terone levels tended to be lower in obese than in normal-weight
patients (9.9 = 0.7 v 11.4 = 0.6 pg/mL, P = .09) and aso in
obese than in overweight patients (9.9 = 0.7 v 11.3 = 05
pa/mL, P = .09). Free testosterone levels were lower in obese
than in non-obese (normal plus overweight patients, 9.9 = 0.7
v114 *= 04, P = .05).

We aso analyzed serum testosterone levels in patients with
different HbA . values. Interestingly, the patients with serum
HbA ;. levels between 6% and 6.9% had lower total testoster-
one serum levels than those with values higher than 9% (4.2 =
0.2v5.4 * 0.4 ng/mL, P = .01). No other differencesin total
or free testosterone levels were observed for the other sub-
groups of patients according to their HbA . levels.

The diabetic patients meeting both the clinical and hormonal
criteria of andropause were compared with respect to the dia-
betic patients without andropause (results not shown). To this
end, we performed the comparisons using the hormonal crite-
rion of a total testosterone level of =3.4 ng/mL, as well as
using the criterion of a free testosterone level of <11 pg/mL.
Using the criterion of total testosterone, the patients with an-
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dropause had significantly lower levels of total testosterone
(3.0 + 0.09v 4.9 + 0.15 ng/mL, P < .0001), but there were no
differences with regard to age, BMI, LH, FSH, PRL, fasting
blood glucose, HbA ., fructosamine, insulin, and C-peptide
levels nor in the time of evolution of diabetes between those
with and without andropause. Using the criteria of free testos-
terone levels, patients with andropause had significantly lower
concentrations of free testosterone (9.4 = 0.2 v 127 = 05
pg/mL, P < .0001), but again, no differences were detected for
these parameters with the exception of fasting blood glucose,
which was marginally higher in patients with andropause
(162 = 6.9v 139 = 8.9, P = .05).

The serum concentrations of testosterone and gonadotropins
in the testosterone-treated group are shown in Fig 2. As ex-
pected, testosterone valuesincreased by approximately 2-fold 1
month after starting the treatment, thereafter maintaining their
values. It should be noted that the serum testosterone values
obtained with treatment were in the midnormal range for young
men, as suggested in consensus documents.2° Serum concen-
trations of LH and FSH decreased, as expected, after therapy.
No changes were observed for prolactin along the therapy. The
corresponding values for fasting blood glucose, fructosamine,
HbA ,, insulin, and C-peptide are shown in Table 3.We did not
observe that testosterone substitution therapy produced any
changes in any of the parameters concerning glucose metabo-
lism or glycemic control.

Six months after treatment with testosterone had com-
menced, the daily dose of insulin was lower than before treat-
ment (by 2 and 3 U) in 2 patients (both treated with a mixture
of insulin and metformin); it was maintained in 1 patient treated
only with insulin, and it was increased (by 2, 4, 4, and 12 U) in
4 patients (3 treated only with insulin and 1 treated with insulin
and metformin). In the patients receiving only ora hypoglyce-
mic agents, the daily dose was maintained in 2 and increased in
1. Thus, half of our patients had their hypoglycemic treatments
increased after starting testosterone therapy.

With respect to the side effects of testosterone treatment, no
patient had any adverse cardiovascular or prostate effects. In 1

patient, testosterone therapy was withdrawn after completing
the 6-month period due to an increase in his hematocrit value
above 50%. Another patient had an increase in PSA values
from 2.6 to 4.3 ng/mL, but no prostatic cancer was detected
upon biopsy. The mean PSA level was 1.4 ng/mL before
treatment and 1.8 ng/mL at the end. At the end of the 6-month
period, the body weight of the treated patients was similar to
that recorded at the beginning.

DISCUSSION

To date, andropause has mainly been studied in healthy,
older men, and we do not know whether the conclusions drawn
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Fig 2. Testosterone and gonadotropin serum values before (0)
and during 6 months of treatment with 150 mg testosterone enan-
thate IM in 10 type 2 diabetic men. Results are expressed as mean =
SEM. *P < .05, **P < .01, ***P < .001 v before treatment.
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Table 3. Effects of Testosterone Therapy on Parameters of Glucose Metabolism in Type 2 Diabetic Patients (n = 10)
With Partial Androgen Deficiency

Before TX 1 Month TX 3 Months TX 6 Months TX
FBG (mg/dL) 154 = 10.4 137 =14 137 £ 12 131 =8
Fructosamine (umol/L) 308 = 16 298 =8 281 + 14 285+ 9
HbA; . (%) 6.9 +04 6.8 +0.4 6 +0.2 6.7 +0.3
Insulin (ulU/mL) 16.7 = 4.4 16.3 £ 4.3 145 = 5.6 18 4.2
C-peptide (pmol/mL) 0.51 = 0.1 0.44 = 0.1 0.46 = 0.1 0.41 = 0.1

NOTE. Results are expressed as means = SEM. TX: 150 mg testosterone enanthate was applied IM every 2 weeks for 6 months.

Abbreviation: TX, treatment.

could be applicable to chronicaly ill patients. Diabetic subjects
are of potential interest in this regard because some studies
have reported lower serum testosterone concentrations in them
than in nondiabetic men,>21 and low levels of testosterone
predict insulin resistance and the development of type 2 dia
betes in older adults.6 Therefore, andropause in diabetic men
may be more prevalent than in nondiabetic subjects and may
have deleterious effects on glycemic control, considering also
that certain clinical characteristics of andropause may influence
diabetic control and therapeutic compliance.

Previous epidemiologic studies?! have shown that 21% of
diabetic patients and 13% of nondiabetic men, aged 40 to 79
years (mean = SD: 63.9 = 8.5 years), with aBMI (26.7 = 3.3
kg/m?) very similar to that of our own patients, had a testos-
terone serum level below a categorically defined normal level
of 3.5 ng/mL. Here we observed that 20% of type 2 diabetic
patients aged 63.6 = 7.9 years (mean = SD), with a BMI of
27.6 * 3.3 kg/m?, had subnormal levels of total testosterone
(=3.41 ng/mL). Our study expands current knowledge in the
sense that, as occurs in nondiabetic men,217 the percentage of
type 2 diabetic patients with subnormal levels of free testos-
terone is much higher than the percentage observed with sub-
normal levels of total testosterone. Additionally, our data show
that the percentage of diabetic men with subnormal levels of
testosterone increases with aging, as occurs in healthy, aging
men.2 Although our study includes only a small group of aging
controls, we believe that they are representative of healthy
aging men in terms of the androgen environment because their
mean total testosterone levels (5.2 ng/mL) are very similar to
those found in a much larger sample of 875 nondiabetic men
(5.3 ng/mL) of similar age in the Rancho Bernardo study.2* Our
diabetic patients had mean values of total testosterone 0.7
ng/mL (13.5%) lower than older, healthy controls, a result that
agrees with previous reports indicating that the existence of
chronic diseases subtracts 10% to 15% from the values of
androgens found in men in good health.22

Our study has some advantages with respect to previous
observational and intervention studies on the effect of aging on
the endogenous androgen environment,29.23.24 because we in-
corporated not only a hormonal criterion in the definition of
partial androgen deficiency, but also aclinical criterion. Thisis
noteworthy because the symptoms and signs of andropause are
an important part of the diagnostic complex2° and because
aging patients may exhibit normal serum testosterone values
associated with clinical symptoms of andropause.2 Further-
more, the clinical significance of dightly low serum testoster-

one in the absence of clinical manifestations consistent with
androgen deficiency is not clear.# Thus, the diagnosis of an-
dropause requires both the presence of the clinica syndrome
and confirmation by testosterone levels.426 Our patients with
subnormal total testosterone levels exhibited a positive ques-
tionnaire in 87.5% of the cases and those with subnormal free
testosterone levels exhibited a positive questionnaire in 93.1%
of the cases. It istrue that diabetic patients may present erectile
dysfunction related, for example, to diabetic neuropathy and
not to androgen deficiency, but when the item related to erec-
tion was eliminated the sensitivity of the questionnaire re-
mained practically the same (89% using a tota testosterone
level of =3.4 ng/mL and 90% using the criterion of a free
testosterone level of =11 pg/mL). The sensitivity and specific-
ity of our questionnaire compares favorably with the ADAM
questionnaire because sensitivity in our patients with subnor-
mal total testosterone levels was 90% and specificity was 74%,
both higher than the 88% and 60% found in the validated
ADAM questionnaire,1® even though we used stricter criteria
and the number of items was lower (8 v 10).

Currently, the main drawbacks in the design of clinical
protocols and the inclusion of patients for the study of andro-
pause lie in establishing the best assay for testosterone mea-
surement and in defining a baseline testosterone cut-off level.
Aging increases serum hormone-binding globulin (SHBG) se-
rum levels in men22 and may therefore increase the values of
total testosterone, which is the reason why some investigators
do not recommend their use in older men.4 However, this
limitation may be only theoretical in older diabetic men be-
cause they exhibit significantly lower SHBG values as com-
pared with nondiabetic controls.2t Tota testosterone assays
have been recommended as the first-line method20.25.27 because
it isagood measurement, less expensive, and less complex than
free or bioavailable testosterone determinations. Although we
recognize that free testosterone analysis by direct analog im-
munoassay has some limitations when used for diagnostic
purposes, its use has not been formally discouraged in andro-
pause.2° At least in this work, we found that it has some clinical
value, because 93.1% of our patients with subnormal free
testosterone levels had a positive questionnaire, whereas 79%
of patients with free testosterone concentrations above 11
pg/mL had a negative questionnaire. In addition, their concen-
trations increased under testosterone replacement therapy, as
shown in Fig 2. There are no well designed clinica trials
indicating that one method is better than any other for the
definition of men with androgen deficiency and possible re-
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sponders to androgen therapy. Owing to the absence of con-
sensus in the definition of a cut-off level of serum testosterone
levels below which a patient can be considered as androgen-
deficient and, therefore, suitable for testosterone therapy, we
used 3 types of cut-off. One of them (total testosterone < 3.4
ng/mL), athough arbitrary, was based on our own control
population and is very similar to the cut-off values used in
epidemiologic studies performed both in diabetic men (total
testosterone < 3.5 ng/mL),2 as well as in the general popula-
tion (total testosterone = 3.25 ng/mL).2 Our choice of the
cut-off levels for total and free testosterone is reinforced by the
percentage of patients with values below the hormonal criteria
for andropause who exhibited a positive questionnaire.
Considering that low levels of testosterone are associated
with the development of insulin resistance® and that they pre-
dict insulin resistance, B-cell dysfunction, and hepatic glucose
output in eugonadal subjects,?8 it was of interest to analyze the
relationships between testosterone levels and glycemic control
in diabetic patients. Our results revealed that testosterone con-
centrations were unrelated to fasting glucose, fructosamine,
insulin, or C-peptide serum values but, surprisingly, they were
positively correlated with HbA ;. concentrations. Furthermore,
type 2 diabetic patients with clinical and hormonal criteria of
andropause did not present either lower (or higher) insulin or
C-peptide values or higher levels of HbA,. or fructosamine
with respect to those without andropause, as would be expected
if low levels of testosterone had a deleterious effect on the
pathogenic mechanisms involved in type 2 diabetes. Previous
studies have reported an inverse relationship between endoge-
nous plasma testosterone and fasting blood glucose in aging
patients®8 and in diabetic men.2t However, in other analyses,
no correlation between total or free testosterone serum levels
and glucose metabolism parameters, such as fasting blood
glucose, insulin, and C-peptide values, was found in type 2
diabetic patients.5823.29 Qur results are in agreement with re-
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cent work on patients with mild type 2 diabetes, in which no
independent associations between the plasma levels of sex
steroid hormones and insulin resistance, hepatic glucose output,
or insulin secretion were found.28

Nevertheless, the cross-sectional design in the analysis of
correlations does not establish a causal relationship. Therefore,
to study whether testosterone influences glycemic control in
type 2 diabetes, a better approach is to study the direct effects
of testosterone substitution therapy. Treatment with 150 mg
testosterone enanthate increased testosterone levels in our dia-
betic patients to the midnormal range, as recommended in
consensus documents.2° In agreement with our cross-sectional
results, in the patients treated with testosterone for 6 months, a
time in which the body fat mass increases and lean mass
decreases in elderly nondiabetic men with subnormal values of
testosterone treated with testosterone, 2324 we failed to observe
a significant decrease in the dose of hypoglycemic agents or in
the values of fasting blood glucose, insulin, C-peptide, fruc-
tosamine, or HbA ;. concentrations. The results of the interven-
tion study should be interpreted cautiously, considering both
the design and the relatively small number of patients treated.
Nevertheless, given the paucity of information on androgen
replacement therapy in aging diabetic men, we believe it is
necessary to perform small intervention studies analyzing both
efficacy and safety before recommending the initiation of large-
scale trials.

In conclusion, our results indicate that low concentrations of
endogenous testosterone do not have a deleterious effect on
glucose metabolism in aging type 2 diabetic men and show, for
the first time, that andropause does not have an adverse effect
on glycemic control and that the correction of subnormal levels
of testosterone by physiologic substitutive therapy is not asso-
ciated with any improvement or worsening in overall glycemic
control.

REFERENCES

1. Harris MI, Hadden WC, Knowler WC, et a: Prevalence of
diabetes and impaired glucose tolerance and plasma glucose levels in
U.S. population aged 20-74 years. Diabetes 36:523-534, 1987

2. Harman SM, Metter EJ, Tobin JD, et a: Longitudinal effects of
aging on serum total and free testosterone levelsin healthy men. JClin
Endocrinol Metab 86:724-731, 2001

3. Meneilly GS, Tessier D: Diabetes in elderly adults. J Gerontol
Med Sci 56A:M5-M 13, 2001

4. Matsumoto AM: Andropause: Clinical implications of the decline
in serum testosterone levels with aging in men. J Gerontol Med Sci
57A:M76-M99, 2002

5. Defay R, Papoz L, Barny S, et a: Hormonal status and NIDDM
in the European and Melanesian populations of New Caledonia: A
case-control study. Int J Obes Relat Metab Disord 22:927-934, 1998

6. Oh JY, Barrett-Connor E, Wedick NM, et al: Endogenous sex
hormones and the development of type 2 diabetes in older men and
women: The Rancho Bernardo study. Diabetes Care 25:55-60, 2002

7. Haffner SM, Karhapaa P, Mykkanen L, et a: Insulin resistance,
body fat distribution, and sex hormones in men. Diabetes 43:212-219,
1994

8. Goodman-Gruen D, Barrett-Connor E: Sex differences in the
association of endogenous sex hormone levels and glucose tolerance
status in older men and women. Diabetes Care 23:912-918, 2000

9. Snyder PJ, Peachey H, Hannoush P, et al: Effect of testosterone
treatment on body composition and muscle strength in men over 65
years of age. J Clin Endocrinol Metab 84:2647-2653, 1999

10. Marin P, Krotkiewski M, Bjorntorp P: Androgen treatment of
middle-aged, obese men: Effects on metabolism, muscle and adipose
tissues. Eur J Med 1:329-336, 1992

11. Hobbs CJ, Jones RE, Plymate SR: Nandrolone, a 19-nortestos-
terone, enhances insulin-independent glucose uptake in norma men.
J Clin Endocrinol Metab 81:1582-1585, 1996

12. The Expert Committee on the diagnosis and classification of
diabetes mellitus: Report of the expert committee on the diagnosis and
classification of diabetes mellitus. Diabetes Care 21:S5-S19, 1998
(suppl 1)

13. Morley JE, Charlton E, Patrick P, et a: Validation of ascreening
questionnaire for androgen deficiency in aging males. Metabolism
49:1239-1242, 2000

14. Vermeulen A: Andropause. Maturitas 34:5-15, 2000

15. Heinemann LAJ, Zimmermann T, Vermeulen A, et a: A new
“aging males symptoms” rating scale. Aging Male 2:105-114, 1999

16. Corrales JJ, Burgo RM, Mories MT, et a: Andropausia en
pacientes con diabetes mellitus de tipo 2. Anélisis de criterios clinicos
y bioquimicos para su identificacion. Endocrinologia y Nutricion 50:
8-9, 2003 (supp! 2)



672

17. Kaufman JM, Vermeulen A: Declining gonadal function in
elderly men. Bailliere’s Clin Endocrinol Metab 11:289-309, 1997

18. GarciaLC, Gonzélez IM, Corrales JJ, et al: Hormone levels and
seminal plasma of men with different types of azoospermia. J Reprod
Fertil 67:209-214, 1983

19. Corraes JJ, Burgo RM, Mirales M, et a: Abnormalities in
sperm acid glycosidases from infertile men with idiopathic oligoasthe-
noteratozoospermia. Fertil Steril 73:470-478, 2000

20. Summary from the second annual andropause consensus meet-
ing. The Endocrine Society, 2001

21. Barrett-Connor E, Khaw KT, Yen SSC: Endogenous sex hor-
mone levelsin older adult men with diabetes mellitus. Am J Epidemiol
132:895-901, 1990

22. Feldman HA, Longcope C, Derby CA, et a: Age trends in the
level of serum testosterone and other hormones in middie-aged men:
Longitudinal results from the Massachusetts Male Aging Study. J Clin
Endocrinol Metab 87:589-598, 2002

23. Tenover JS: Effects of testosterone supplementation in the aging
male. J Clin Endocrinol Metab 75:1092-1098, 1992

CORRALES ET AL

24. Kenny AM, Prestwood KM, Gruman CA, et a: Effects of
transdermal testosterone on bone and muscle in older men with low
bioavailable testosterone levels. J Gerontol Med Sci 56A:M266-M273,
2001

25. Basaria S, Dobs AS: Hypogonadism and androgen replacement
therapy in elderly men. Am J Med 110:563-572, 2001

26. Vermeulen A: Androgen replacement therapy in the aging male.
A critical evaluation. J Clin Endocrinol Metab 86:2380-2390, 2001

27. Plymate SR: Which testosterone assay should be used in older
men?, in Bhasin S, Bagatell CJ, Brenner WJ, et al: Issues in testoster-
one replacement therapy. J Clin Endocrinol Metab 83:3435-3448, 1998

28. Abate N, Haffner SM, Garg A, et a: Sex steroid hormones,
upper body obesity, and insulin resistance. J Clin Endocrinol Metab
87:4522-4527, 2002

29. Birkeland KI, Hanssen KF, Torjesen PA, et a: Level of sex
hormone-binding globulin is positively correlated with insulin sensi-
tivity in men with type 2 diabetes. J Clin Endocrinol Metab 76:275-
278, 1993



	Partial Androgen Deficiency in Aging Type 2 Diabetic Men and Its Relationship to Glycemic Control
	PATIENTS AND METHODS
	Patients and Control Subjects
	Clinical and Hormonal Criteria of Andropause
	Hormone and Other Measurements
	Treatment With Testosterone
	Statistical Analysis

	RESULTS
	DISCUSSION
	REFERENCES


