
Partial Androgen Deficiency in Aging Type 2 Diabetic Men and Its Relationship
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to Glycemic Control

J.J. Corrales, R.M. Burgo, B. Garcı́a-Berrocal, M. Almeida, I. Alberca, J.M. González-Buitrago, A. Orfao,
and J.M. Miralles

ging in the male is associated with both a higher incidence of type 2 diabetes and hypogonadism. However, little

nformation is available about the complex of symptoms and hormonal changes related to partial androgen deficiency in

ging (called andropause) in type 2 diabetic men. Here, for the first time, we used a combination of clinical and hormonal

riteria to define andropause and to analyze the relationships between the androgen environment and glucose metabolism

n 55 type 2 diabetic men (63.6 � 7.9 years, mean � SD). Low plasma levels of total testosterone (<3.4 ng/mL) and free

estosterone (<11 pg/mL) were found in 20% and 54.5%, respectively, of the diabetic men. The fraction of diabetic men with

ubnormal levels of total testosterone increased with aging: 14.2% (50 to 59 years), 17.4% (60 to 69 years) and 36% (> 70

ears). The corresponding figures for subnormal values of free testosterone were 38%, 69.6%, and 54.5%, respectively. In the

hole group of type 2 diabetic men, no significant linear correlations between total or free testosterone with fasting plasma

lucose, insulin, C-peptide, or fructosamine values could be established. Total testosterone was positively correlated with

lycosylated haemoglobin (HbA1c) levels (r � .322, P � .01). Although fasting plasma glucose was marginally higher in aging

ype 2 diabetic patients with andropause than in those without andropause (162 � 6.9 v 139 � 8.9, mean � SEM, P � .05),

here were no differences between both subgroups for plasma fasting insulin, C-peptide, fructosamine, or HbA1c levels.

eplacement therapy (150 mg intramuscular [IM] of enanthate of testosterone every 14 days for 6 months) was applied in 10

ype 2 diabetic men with clinical features of andropause associated with subnormal concentrations of serum testosterone.

he treatment induced significant increases in total plasma testosterone (baseline: 3.9 � 0.3; at 6 months: 7.1 � 0.9 ng/mL,

ean � 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

ffect on overall glycemic control. These data show a high prevalence of andropause in aging type 2 diabetic men and suggest

hat the endogenous androgen environment, as well as correction of the partial androgen deficiency, do not have a

eaningful effect on glycemic control.
2004 Elsevier Inc. All rights reserved.
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GING IN THE male is associated with a higher prevale
of diabetes mellitus1 and exerts a longitudinal effect

erum total and free testosterone levels in healthy men,
ncreasing the prevalence of hypogonadism.2

Although elderly patients with diabetes are now living lon
nd diabetes in aged adults may prove to be the most imp
pidemic of the 21st century,3 little is known about “andro
ause” in aging diabetic patients, understanding with the
ndropause a syndrome of somatic, psychologic, and horm
hanges related to the aged-associated decline in testos
evels.4 We believe the issue to be of potential interest con
ring various facts. Men with type 2 diabetes mellitus exh

ower circulating testosterone levels than age-matched
rols,5 and low plasma levels of total testosterone in m
redict insulin resistance and the development of type 2
etes in older adults.6 Total and free testosterone serum va
re significantly and negatively correlated with the waist-to
atio, and low testosterone levels are strongly associated w
ecrease in total and nonoxidative whole-body glucose dis
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n men.7 Large population-based studies have confirmed
en with type 2 diabetes have significantly lower levels of t

estosterone and show that total testosterone and fasting
lucose are inversely correlated in men.8 On the other hand

reatment with testosterone in men over 65 years of age
ow-normal serum testosterone levels decreases the bo

ass and increases lean body mass,9 a change that theoretica
mproves insulin sensitivity. Some previous studies h
hown that testosterone administration to middle-aged, o
en with relative hypogonadism improves insulin sensitivi10

nd that other forms of androgen therapy (19-nortestoste
nhances insulin-independent glucose uptake in men.11 Thus, it

s possible that testosterone replacement therapy may
ome influence on glycemic control in type 2 diabetic m
owever, to our knowledge, the effect of testosterone rep
ent therapy in type 2 diabetic men has never been test
To gain further insight into the influence of androgenic st

n the parameters of glucose metabolism in aging typ
iabetic men, we performed a prospective study using se
pproaches. First, we studied the clinical and hormonal
cteristics that define andropause in aging diabetic pat
econd, we explored the effect of the relative deficit of an
ens on some parameters of glucose metabolism in suc

ients. Finally, some type 2 diabetic patients meeting
linical and hormonal criteria of andropause were treated
estosterone to assess, for the first time, its possible influen
lycemic control.

PATIENTS AND METHODS

atients and Control Subjects

Fifty-five men older than 50 (range, 51 to 86 years, mean� SEM:

3.6� 1 years) with type 2 diabetes entered the study. Their body mass

Metabolism, Vol 53, No 5 (May), 2004: pp 666-672
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667ANDROPAUSE IN TYPE 2 DIABETIC MEN
ndex (BMI) was 27.6 � 0.45 kg/m2 (range, 19.1 to 34.4). Diagnosis of
iabetes mellitus was established by the history or by the American
iabetes Association (ADA) criteria12 in patients with recent onset of
iabetes. Type 2 diabetes was diagnosed on the basis of a history of
nitial successful treatment with oral hypoglycemic agents, as well as
y assessment of residual �-cell function, measuring C peptide serum
evels. All the patients had C-peptide serum levels above the limit of
etection of the radioimmunoassay (RIA), and in 50 of 52 patients, the
oncentration was within the range of normality (0.20 to 1.46 pmol/mL,
onfidence interval [CI] 95%). The remaining 2 had C-peptide values
f 0.13 and 0.19 pmol/mL. Inclusion criteria included a positive history
f fertility (indicating previous testicular health), a healthy partner (to
void that the answers to the questionnaire used to obtain the clinical
riteria of andropause could be influenced by exogenous factors), and
he absence of clinically overt hypogonadism, the absence of hepatic,
ardiac, or renal insufficiency, and a lack of ingestion of drugs that
ould induce hypogonadism. Exclusion criteria included diseases in
hich treatment with testosterone should be contraindicated, such as
rostate cancer, active benign prostatic hyperplasia, breast carcinoma,
leep apnea, or chronic lung disease. All the patients were ambulatory
nd were seen in the outpatient clinic. Informed written consent was
btained after the purpose and the procedures of the study had been
escribed. The Local Research Ethics Committee of the Hospital Uni-
ersitario of Salamanca approved the study protocol.
The duration of diabetes ranged from 2 months to 38 years. Fifteen

atients were treated only with insulin, 14 with oral hypoglycemic
gents plus insulin, and 26 with 1 or a combination of oral hypogly-
emic agents. Eleven patients had clinically evident atherosclerotic
omplications.

To compare hormonal serum levels in aging diabetic men, we
ncluded 2 groups of control subjects. One comprised 32 healthy
ubjects, aged 33 � 5 years, in whom fertility had been demonstrated
n the previous 2 years. The second group included 8 healthy men
ithout diabetes mellitus and who were of similar age as the diabetic
atients (range, 52 to 76 years; mean � SEM: 64.4 � 3) and with a
imilar BMI (mean � SEM: 26.8 � 1.2 kg/m2).

linical and Hormonal Criteria of Andropause

To obtain the clinical criteria of andropause, we used a questionnaire
onsisting of 8 items related to androgen deficiency (Table 1); this was
iven to the patient in the presence of his partner. The first 4 questions
ere the same as in the validated Androgen Deficiency in the Aging
ale (ADAM) questionnaire of the University of Saint Louis.13 They
ere included in our test because in the analysis of the items of the
DAM questionnaire they exhibited the highest statistical significance

or differentiation between males with low versus normal bioavailable
estosterone levels. Our questionnaire included another 4 items (ques-
ions 5 to 8) different from those of the ADAM. These 4 additional
tems were included because we believe that they better reflect clinical
ndrogen deficiency than the remaining 6 questions of the ADAM

Table 1. Questionnaire of Androgen Deficiency in Aging Men

1. Do you have a decrease in libido (sexual drive)?
2. Do you have a decrease in strength and/or endurance?
3. Are you sad and/or grumpy?
4. Are your erections less strong?
5. Do you have a decrease in sexual activity?
6. Do you have less body hair?
7. Do you have a decrease in memory for recent events?
8. Do you have hot flushes?
uestionnaire and may indeed improve its specificity (60%). Questions b
to 8 of the questionnaire reflect the classic symptoms related to the
ecrease in androgen levels in elderly men,14 which have also been
ncluded in an aging males’ s symptoms rating scale.15 In 93% of the
isits, the questionnaire was applied by the same person (J.J.C.) and in
he remaining visits by R.M.B. We considered that the questionnaire
as positive and hence the patient met the clinical criterion of andro-
ause when an affirmative answer (“yes” ) to questions 1 or 4 or to at
east another 4 of the remaining questions was obtained. A negative
esult of the questionnaire was defined as a negative answer (“no” ) to
uestions 1 or 4 or to at least another 4 of the remaining questions, thus
mploying stricter criteria than in the ADAM questionnaire. Our ques-
ionnaire had a sensitivity of 90% and a specificity of 74% when
pplied to type 2 diabetic patients.16

We used several hormonal criteria to define partial or relative an-
rogen deficiency in aging men. Criterion A is a total testosterone level
n serum of �3.4 ng/mL, which represents the mean minus 1 SD of our
ealthy young controls. This figure is similar or identical to the level
sed to define biochemical andropause by authorities in the field17 or in
ecent epidemiologic studies.2 Criterion B was a total serum testoster-
ne level of �4.2, which represents the 25th percentile of our young
ealthy control population. A lower percentile was not chosen to avoid
he inclusion of overtly hypogonadal subjects. Criterion C was a free
estosterone level of �11pg/mL, which represents the lower end of the
ormal range in young adults. According to this definition, we consid-
red that andropause exists when the patient presents both the biochem-
cal and clinical criteria.

ormone and Other Measurements

Blood samples were obtained simultaneously for all the measure-
ents between 8 AM to 9 AM. Plasma glucose levels were assayed by a

lucose oxidase method. The techniques used for hormone measure-
ents have been described in detail elsewhere.18,19 Total and free

estosterone concentrations were measured by solid-phase 125I RIA
Coat-a-Count, DPL, Los Angeles, CA). Luteinizing hormone (LH),
ollicle-stimulating hormone (FSH), and prolactin (PRL) levels were
etermined by RIA (RIA-gnost; CIS Bio International, Gif-sur-Yvette,
rance). Dehydroepiandrosterone sulphate (DHEAS) was determined
sing a commercial RIA (Immunotech, Marseille, France). Prostate-
pecific antigen (PSA) serum levels were measured by RIA (RIA-
eact; CIS Bio International). Insulin was measured using an immu-
oradiometric assay (INS-Irma; Biosource, Nivelles, Belgium).
-peptide levels were measured using a commercial RIA (C-PEP;
iosource, Nivelles, Belgium). Glycosylated hemoglobin (HbA1c) was
easured using a commercial kit (Menarini Diagnostics, Firenze, It-

ly). Fructosamine was measured using a commercial kit (Fruc; Roche
iagnostics, Mannheim, Germany).
The sensitivity and the intra- and interassay variation coefficients of

he methods were: 0.04 ng/mL, 5.7% and 6.7%, respectively, for total
estosterone; 0.15 pg/mL, 5.4% and 8.5% for free testosterone; 0.1
IU/mL, 2.9% and 3% for LH; 0.1 mIU/mL, 3.4% and 3% for FSH;
�IU/mL, 6.9% and 7.8% for PRL; 0.04 ng/mL, 2.2% and 4.2% for

SA; 1.5 �IU/mL, 6.9% and 8.1% for insulin; 0.04 pmol/mL, 8.2% and
.3% for C-peptide; 2.5%, 5.2%, and 5.2% for HbA1c; 10 �mol/L,
.9%, and 2.9% for fructosamine.

reatment With Testosterone

Ten patients, age 63.8 � 1.9 years (mean � SEM; range, 55 to 73
ears) were treated with 150 mg intramuscular (IM) testosterone en-
nthate every 15 days for 6 months. They were selected because they
ad the clinical criteria of andropause associated with a total testoster-
ne �3.4 ng/mL and/or a free testosterone serum level of �11 pg/mL
nd agreed to enter the protocol. The duration of their diabetes ranged

etween 2 and 21 years. Four were treated only with insulin, 3 with
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668 CORRALES ET AL
nsulin plus metformin, and 3 only with oral hypoglycemic agents.
heir BMI was 27.1 � 1.4 kg/m2 (mean � SEM; range, 19.1 to 30.2).
o patient had been diagnosed with any type of atherosclerotic com-
lication. They were studied before and at 1, 3, and 6 months after the
nitial injection of testosterone. On each of these visits, the following
aboratory safety tests were performed: complete blood cell count,
lood pressure, PSA levels and serum hepatic tests, as well as symp-
oms of urinary obstruction. Total and free testosterone levels in the
ollow-up were measured in the middle of the interval between injec-
ions. We were able to confirm that the treatment was being complied
pon observation of the expected decrease in the serum LH levels
nduced by exogenously added testosterone.

tatistical Analysis

Data were analyzed using the Instat Statistical Software Program
GraphPad, San Diego, CA). The hormonal and other measurements in
he different groups were compared using the nonparametric Mann-

hitney U test after analysis of the distribution of variables. When the
istribution of variables was normal, Student’ s t test was used. Rela-
ionships between testosterone levels and the other variables were
etermined using the Spearman or Pearson correlation coefficients.
esults were considered statistically significant at P � .05. All P values
re 2-tailed. Values were expressed as means � SEM.

RESULTS

The results of the hormone measurements in diabetic patients
nd their comparison with the corresponding values in healthy
oung men and healthy older men are shown in Table 2. In
iabetic patients, the serum levels of total and free testosterone
ere significantly lower, while those of LH and FSH were

ignificantly higher than in younger controls. In nondiabetic
lder men, total and free testosterone levels were also signifi-
antly lower than in the young controls, but no differences were
etected for LH and FSH serum levels. No differences for sex
ormone serum levels were observed between the diabetic and
ondiabetic older men. As expected, fasting plasma glucose
nd HbA1c values were significantly higher, while fasting C-
eptide values were significantly lower in diabetic men as
ompared with nondiabetic aging controls.

The percentages of diabetic patients meeting the different
ormonal criteria of andropause were 20% (criterion A), 43.6%
criterion B), and 54.5% (criterion C). Ten of 11 (90.9%) of the
atients meeting criterion A, 21 of 24 meeting criterion B

Table 2. Mean (� SEM) Values of Hormone Se

Young Contr

N 32
Total testosterone (ng/mL) 6.2 � 0.5
Free testosterone (pg/mL) 16.6 � 0.6
LH (mIU/mL) 3.2 � 0.4
FSH (mIU/mL) 4.5 � 0.4
PRL (�IU/mL) 272 � 24
Fasting plasma glucose (mg/dL) ND
Fasting insulin (�IU/mL) ND
Fasting C-peptide (pmol/mL) ND
Fructosamine (�mol/L) ND
HbA1c (%) ND

Abbreviation: ND, not determined.
*P � .01 v. young controls; †P � .02; ‡P � .01 v. aging controls.
87.5%), and 27 of 29 (93.1%) meeting criterion C had a U
ositive questionnaire. As shown in Fig 1, aging was associated
ith an increase in the prevalence of diabetic patients present-

ng total testosterone serum levels �3.4 ng/mL. The percentage
f patients presenting total testosterone �4.2 ng/mL or free
estosterone �11 pg/mL was higher in patients 60 to 69 years
ld than in those aged 50 to 59 years, but the tendency to
ncrease was maintained or disappeared in the oldest group.

In the whole group of diabetic patients, no significant cor-
elations could be established between total or free testosterone
erum levels with the BMI, time of evolution since the diag-
osis of diabetes, or fasting glucose, fructosamine, insulin, and
-peptide blood levels. Total testosterone (but not free testoster-
ne) was significantly correlated with HbA1c (r � .322, P � .01).

To further explore the links between the serum levels of
estosterone and the clinical parameters of the diabetic patients,
e subdivided the patients according to 3 BMI categories

normal, BMI � 27; overweight, BMI 27 to 29.9; and obese,
MI � 30 kg/m2). Total testosterone serum levels tended to be

ower in the overweight men than in the patients with normal
eight (4.2 � 0.2 v 4.8 � 0.3 ng/mL, P � .06), but no
ifferences were found between either obese versus non-obese
r between obese versus normal-weight patients. Free testos-
erone levels tended to be lower in obese than in normal-weight
atients (9.9 � 0.7 v 11.4 � 0.6 pg/mL, P � .09) and also in
bese than in overweight patients (9.9 � 0.7 v 11.3 � 0.5
g/mL, P � .09). Free testosterone levels were lower in obese
han in non-obese (normal plus overweight patients, 9.9 � 0.7
11.4 � 0.4, P � .05).
We also analyzed serum testosterone levels in patients with

ifferent HbA1c values. Interestingly, the patients with serum
bA1c levels between 6% and 6.9% had lower total testoster-
ne serum levels than those with values higher than 9% (4.2 �
.2 v 5.4 � 0.4 ng/mL, P � .01). No other differences in total
r free testosterone levels were observed for the other sub-
roups of patients according to their HbA1c levels.

The diabetic patients meeting both the clinical and hormonal
riteria of andropause were compared with respect to the dia-
etic patients without andropause (results not shown). To this
nd, we performed the comparisons using the hormonal crite-
ion of a total testosterone level of �3.4 ng/mL, as well as
sing the criterion of a free testosterone level of �11 pg/mL.

evels and Parameters of Glucose Metabolism

Aging Controls Diabetic Men

8 55
5.2 � 0.6* 4.5 � 0.2*

11.8 � 1.5* 11.0 � 0.3*
3.0 � 0.7 5.8 � 0.6*
6.4 � 1.2 8.5 � 0.6*
189 � 24 225 � 15
85 � 2.5 149 � 5.9‡

12.9 � 3.7 13.7 � 1.3
0.95 � 0.2 0.63 � 0.1†

ND 318 � 8.9
4.9 � 0.73 7.3 � 0.2‡
rum L

ols
sing the criterion of total testosterone, the patients with an-
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669ANDROPAUSE IN TYPE 2 DIABETIC MEN
ropause had significantly lower levels of total testosterone
3.0 � 0.09 v 4.9 � 0.15 ng/mL, P � .0001), but there were no
ifferences with regard to age, BMI, LH, FSH, PRL, fasting
lood glucose, HbA1c, fructosamine, insulin, and C-peptide
evels nor in the time of evolution of diabetes between those
ith and without andropause. Using the criteria of free testos-

erone levels, patients with andropause had significantly lower
oncentrations of free testosterone (9.4 � 0.2 v 12.7 � 0.5
g/mL, P � .0001), but again, no differences were detected for
hese parameters with the exception of fasting blood glucose,
hich was marginally higher in patients with andropause

162 � 6.9 v 139 � 8.9, P � .05).
The serum concentrations of testosterone and gonadotropins

n the testosterone-treated group are shown in Fig 2. As ex-
ected, testosterone values increased by approximately 2-fold 1
onth after starting the treatment, thereafter maintaining their

alues. It should be noted that the serum testosterone values
btained with treatment were in the midnormal range for young
en, as suggested in consensus documents.20 Serum concen-

rations of LH and FSH decreased, as expected, after therapy.
o changes were observed for prolactin along the therapy. The

orresponding values for fasting blood glucose, fructosamine,
bA1c, insulin, and C-peptide are shown in Table 3.We did not
bserve that testosterone substitution therapy produced any
hanges in any of the parameters concerning glucose metabo-
ism or glycemic control.

Six months after treatment with testosterone had com-
enced, the daily dose of insulin was lower than before treat-
ent (by 2 and 3 U) in 2 patients (both treated with a mixture

f insulin and metformin); it was maintained in 1 patient treated
nly with insulin, and it was increased (by 2, 4, 4, and 12 U) in
patients (3 treated only with insulin and 1 treated with insulin

nd metformin). In the patients receiving only oral hypoglyce-
ic agents, the daily dose was maintained in 2 and increased in

. Thus, half of our patients had their hypoglycemic treatments
ncreased after starting testosterone therapy.

With respect to the side effects of testosterone treatment, no

Fig 1. Percentage of type 2

iabetic men meeting the differ-

nt hormonal criteria of partial

ndrogen deficiency.
atient had any adverse cardiovascular or prostate effects. In 1 S
atient, testosterone therapy was withdrawn after completing
he 6-month period due to an increase in his hematocrit value
bove 50%. Another patient had an increase in PSA values
rom 2.6 to 4.3 ng/mL, but no prostatic cancer was detected
pon biopsy. The mean PSA level was 1.4 ng/mL before
reatment and 1.8 ng/mL at the end. At the end of the 6-month
eriod, the body weight of the treated patients was similar to
hat recorded at the beginning.

DISCUSSION

To date, andropause has mainly been studied in healthy,
lder men, and we do not know whether the conclusions drawn

Fig 2. Testosterone and gonadotropin serum values before (0)

nd during 6 months of treatment with 150 mg testosterone enan-

hate IM in 10 type 2 diabetic men. Results are expressed as mean �
EM. *P < .05, **P < .01, ***P < .001 v before treatment.
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670 CORRALES ET AL
ould be applicable to chronically ill patients. Diabetic subjects
re of potential interest in this regard because some studies
ave reported lower serum testosterone concentrations in them
han in nondiabetic men,5,21 and low levels of testosterone
redict insulin resistance and the development of type 2 dia-
etes in older adults.6 Therefore, andropause in diabetic men
ay be more prevalent than in nondiabetic subjects and may

ave deleterious effects on glycemic control, considering also
hat certain clinical characteristics of andropause may influence
iabetic control and therapeutic compliance.
Previous epidemiologic studies21 have shown that 21% of

iabetic patients and 13% of nondiabetic men, aged 40 to 79
ears (mean � SD: 63.9 � 8.5 years), with a BMI (26.7 � 3.3
g/m2) very similar to that of our own patients, had a testos-
erone serum level below a categorically defined normal level
f 3.5 ng/mL. Here we observed that 20% of type 2 diabetic
atients aged 63.6 � 7.9 years (mean � SD), with a BMI of
7.6 � 3.3 kg/m2, had subnormal levels of total testosterone
�3.41 ng/mL). Our study expands current knowledge in the
ense that, as occurs in nondiabetic men,2,17 the percentage of
ype 2 diabetic patients with subnormal levels of free testos-
erone is much higher than the percentage observed with sub-
ormal levels of total testosterone. Additionally, our data show
hat the percentage of diabetic men with subnormal levels of
estosterone increases with aging, as occurs in healthy, aging
en.2 Although our study includes only a small group of aging

ontrols, we believe that they are representative of healthy
ging men in terms of the androgen environment because their
ean total testosterone levels (5.2 ng/mL) are very similar to

hose found in a much larger sample of 875 nondiabetic men
5.3 ng/mL) of similar age in the Rancho Bernardo study.21 Our
iabetic patients had mean values of total testosterone 0.7
g/mL (13.5%) lower than older, healthy controls, a result that
grees with previous reports indicating that the existence of
hronic diseases subtracts 10% to 15% from the values of
ndrogens found in men in good health.22

Our study has some advantages with respect to previous
bservational and intervention studies on the effect of aging on
he endogenous androgen environment,2,9,23,24 because we in-
orporated not only a hormonal criterion in the definition of
artial androgen deficiency, but also a clinical criterion. This is
oteworthy because the symptoms and signs of andropause are
n important part of the diagnostic complex20 and because
ging patients may exhibit normal serum testosterone values
ssociated with clinical symptoms of andropause.25 Further-

Table 3. Effects of Testosterone Therapy on Parameters

With Partial An

Before TX

FBG (mg/dL) 154 � 10.4
Fructosamine (�mol/L) 308 � 16
HbA1c (%) 6.9 � 0.4
Insulin (�IU/mL) 16.7 � 4.4
C-peptide (pmol/mL) 0.51 � 0.1

NOTE. Results are expressed as means � SEM. TX: 150 mg testos
Abbreviation: TX, treatment.
ore, the clinical significance of slightly low serum testoster- d
ne in the absence of clinical manifestations consistent with
ndrogen deficiency is not clear.4 Thus, the diagnosis of an-
ropause requires both the presence of the clinical syndrome
nd confirmation by testosterone levels.4,26 Our patients with
ubnormal total testosterone levels exhibited a positive ques-
ionnaire in 87.5% of the cases and those with subnormal free
estosterone levels exhibited a positive questionnaire in 93.1%
f the cases. It is true that diabetic patients may present erectile
ysfunction related, for example, to diabetic neuropathy and
ot to androgen deficiency, but when the item related to erec-
ion was eliminated the sensitivity of the questionnaire re-
ained practically the same (89% using a total testosterone

evel of �3.4 ng/mL and 90% using the criterion of a free
estosterone level of �11 pg/mL). The sensitivity and specific-
ty of our questionnaire compares favorably with the ADAM
uestionnaire because sensitivity in our patients with subnor-
al total testosterone levels was 90% and specificity was 74%,

oth higher than the 88% and 60% found in the validated
DAM questionnaire,13 even though we used stricter criteria

nd the number of items was lower (8 v 10).
Currently, the main drawbacks in the design of clinical

rotocols and the inclusion of patients for the study of andro-
ause lie in establishing the best assay for testosterone mea-
urement and in defining a baseline testosterone cut-off level.
ging increases serum hormone-binding globulin (SHBG) se-

um levels in men22 and may therefore increase the values of
otal testosterone, which is the reason why some investigators
o not recommend their use in older men.4 However, this
imitation may be only theoretical in older diabetic men be-
ause they exhibit significantly lower SHBG values as com-
ared with nondiabetic controls.21 Total testosterone assays
ave been recommended as the first-line method20,25,27 because
t is a good measurement, less expensive, and less complex than
ree or bioavailable testosterone determinations. Although we
ecognize that free testosterone analysis by direct analog im-
unoassay has some limitations when used for diagnostic

urposes, its use has not been formally discouraged in andro-
ause.20 At least in this work, we found that it has some clinical
alue, because 93.1% of our patients with subnormal free
estosterone levels had a positive questionnaire, whereas 79%
f patients with free testosterone concentrations above 11
g/mL had a negative questionnaire. In addition, their concen-
rations increased under testosterone replacement therapy, as
hown in Fig 2. There are no well designed clinical trials
ndicating that one method is better than any other for the

lucose Metabolism in Type 2 Diabetic Patients (n � 10)

en Deficiency

nth TX 3 Months TX 6 Months TX

� 14 137 � 12 131 � 8
� 8 281 � 14 285 � 9
� 0.4 6 � 0.2 6.7 � 0.3
� 4.3 14.5 � 5.6 18 � 4.2
� 0.1 0.46 � 0.1 0.41 � 0.1

e enanthate was applied IM every 2 weeks for 6 months.
of G

drog

1 Mo

137
298
6.8

16.3
0.44

teron
efinition of men with androgen deficiency and possible re-
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671ANDROPAUSE IN TYPE 2 DIABETIC MEN
ponders to androgen therapy. Owing to the absence of con-
ensus in the definition of a cut-off level of serum testosterone
evels below which a patient can be considered as androgen-
eficient and, therefore, suitable for testosterone therapy, we
sed 3 types of cut-off. One of them (total testosterone � 3.4
g/mL), although arbitrary, was based on our own control
opulation and is very similar to the cut-off values used in
pidemiologic studies performed both in diabetic men (total
estosterone � 3.5 ng/mL),21 as well as in the general popula-
ion (total testosterone � 3.25 ng/mL).2 Our choice of the
ut-off levels for total and free testosterone is reinforced by the
ercentage of patients with values below the hormonal criteria
or andropause who exhibited a positive questionnaire.

Considering that low levels of testosterone are associated
ith the development of insulin resistance6 and that they pre-
ict insulin resistance, �-cell dysfunction, and hepatic glucose
utput in eugonadal subjects,28 it was of interest to analyze the
elationships between testosterone levels and glycemic control
n diabetic patients. Our results revealed that testosterone con-
entrations were unrelated to fasting glucose, fructosamine,
nsulin, or C-peptide serum values but, surprisingly, they were
ositively correlated with HbA1c concentrations. Furthermore,
ype 2 diabetic patients with clinical and hormonal criteria of
ndropause did not present either lower (or higher) insulin or
-peptide values or higher levels of HbA1c or fructosamine
ith respect to those without andropause, as would be expected

f low levels of testosterone had a deleterious effect on the
athogenic mechanisms involved in type 2 diabetes. Previous
tudies have reported an inverse relationship between endoge-
ous plasma testosterone and fasting blood glucose in aging
atients6,8 and in diabetic men.21 However, in other analyses,
o correlation between total or free testosterone serum levels
nd glucose metabolism parameters, such as fasting blood
lucose, insulin, and C-peptide values, was found in type 2

5,8,23,29
iabetic patients. Our results are in agreement with re- c
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In conclusion, our results indicate that low concentrations of
ndogenous testosterone do not have a deleterious effect on
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he first time, that andropause does not have an adverse effect
n glycemic control and that the correction of subnormal levels
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