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MATERIALS AND METHODS

In order to assess by a standardized questionnaire and 
obtain blood sample for serum testosterone estimation in 
working men population, a general health check-up camp 
was advertised and mandated for all male workers (surgical 
technicians, peons, and ward assistants with regular working 
duration not exceeding 8 h) between 40 and 60 years of 
age for the Departments of Surgical Sciences comprising 
of the Departments of General Surgery, Department of 
Urology, Department of Plastic Surgery, Department of 
Neurosurgery, Department of Plastic Surgery, Department 
of Pediatric Surgery, and Department of Cardiothoracic 
Surgery. Ethical clearance for the study was obtained from 
the institutional ethics committee and in accordance with the 
Declaration of Helsinki. This camp was organized for a one-
week period in April 2006. All participants were asked to Þ ll a 
proforma in which the volunteers were asked to Þ ll personal 
information like age, occupation, co-morbid conditions, drug 
intake, and past illnesses. After physical examination, some 
investigations like urine examination, hemogram, serum 
creatinine estimation, liver function tests, electrocardiogram, 

INTRODUCTION

Andropause, Androgen Decline in the Aging Male 
(ADAM), or testosterone deÞ ciency syndrome (TDS) 
is a true clinical entity characterized by symptoms of 
erectile dysfunction, decreased libido, osteoporosis, 
and general weakness. However, its occurrence 
is still poorly documented and most literature is 
from European or American continents. Three 
questionnaires have been developed to detect TDS in 
adult men: (1) St. Louis University�s ADAM; (2) the 
Aging Male Survey (AMS); and (3) Massachusetts 
Male Aging Study (MMAS) questionnaire. We report 
a study in a small number of men to determine 
the prevalence of TDS in healthy individuals above 
40- years of age using the St. Louis University�s ADAM 
questionnaire.
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ABSTRACT
Aim:Aim: To determine the prevalence of testosterone deÞ ciency syndrome (TDS) in healthy Indian men employed in a 
hospital aged above 40 years.
Materials and Methods: Materials and Methods: A general medical health check-up camp was organized for all male employees above 40 years age 
working in surgical departments. After clinical history and systemic inquiry, subjects were requested to Þ ll the St. Louis 
University�s ADAM Questionnaire based on which the total and free-serum testosterone estimation was then done.
Results:Results: One hundred Þ fty seven healthy volunteers enrolled for the study (mean age 53.1 years; range 40�60). The 
androgen decline in the aging male (ADAM) Questionnaire detected 106 men (67.5%) to be symptomatic for TDS. Serum 
testosterone estimation in these subjects revealed 41/106 to have low free-serum testosterone levels and 32/106 to have 
low total-serum testosterone. In 11 and 6 cases, respectively, the serum free- and total-testosterone levels were found to 
be low although the subjects were asymptomatic for TDS.
Conclusions:Conclusions: The prevalence of symptomatic biochemical hypogonadism was 26.1%. The higher prevalence of symptoms 
alone of TDS was unusual. It could be because of the nature of the questionnaire. Free-serum testosterone may be a better 
single test to diagnose symptomatic hypogonadism than total-serum testosterone.
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and ultrasonography of the abdomen were performed as 
part of the free camp on all volunteers. All the participants 
were also invited to participate in a study on andropause 
after signing an informed consent. We had an interviewer-
administered vernacular version of the St. Louis University�s 
ADAMs Questionnaire [Table 1]. Serum testosterone (total 
and free) level estimation was performed simultaneously using 
ELISA (DRG International, Inc., USA. Fax: (908)233 0758, 
e-mail: corp@drg-international.com) in the Department of 
Pathology, the sample for which was withdrawn between 
8 a.m. and 11 a.m. All tests were performed in duplicate 
and quality assessment was done with the help of a third 
party quality control sera. Within- assay variability was 
determined and was found to be 6%. To calculate the sample 
size, the prevalence of TDS was taken as 10%. To detect this 
prevalence in Indian men with a precision of 5% and alfa 
level of 0.05, the study included approximately 138 cases. 
Univariate analysis was done to assess the distribution of 
baseline variables. To assess association of TDS or low-serum 
testosterone levels, Chi- square test and t-test was used for 
categorical and continuous variables, respectively.

RESULTS

Of the 180 listed male workers between ages 40 and 60 years, 
170 participated in the study. Of these, 157 agreed to 
participate in the TDS study. The mean age was 53.1 years 
(n = 157; range 40�60). Twenty-three volunteers had other 
co-morbid conditions like diabetes (12 cases), hypertension 
(12 cases), and tuberculosis (1 case). None of the volunteers 
were on drugs that could affect the serum testosterone levels. 
The mean body weight was 64.3 kg (range 54�78) and the 
mean height was 167.4 cm (range 158�180 cm). On the basis of 
St. Louis Questionnaire, of the 157 subjects, 106 (67.5%) tested 
positive for symptoms of TDS (mean age 53.5 years; range 
40�60). Of these 106 symptomatic cases, 41 and 32 subjects 
were found to have less than normal serum-free (mean 
serum-free testosterone 5.55 pg/ml; range 3.09�7.08) and total 
testosterone (mean serum-total testosterone 1.5 ng/ml; range 
1.1�2.5) levels. The other 65 symptomatic subjects had normal 

total-and free-testosterone levels (mean age 51.8 years, range 
40�60). Eleven asymptomatic subjects (mean age 55.1 years; 
range 46�60) were found to have low free-serum testosterone 
levels (6.4 pg/ml; range 4.1�7.4) and in 6 of these cases low 
total-serum testosterone was identiÞ ed (mean 1.4 ng/ml; range 
1.2�2.5). The risk of TDS was 70% signiÞ cantly lower in the 
age group of 40�50 years as compared to 51�60 years (RR = 0.3, 
95% CI = 0.1�0.8). The risk of TDS was 2.9 times higher in 
those having at least one symptom as compared to those not 
having any symptom (RR = 2.9, 95% CI = 1.8�4.6) and this 
was statistically signiÞ cant. The response to various questions 
in men with biochemically conÞ rmed TDS in shown in Table 
2. The association of different variables between andropause 
and non-andropause patients is shown in Tables 3 and 4. 
A scatter plot for free-serum testosterone levels is shown in 
Figure 1 and bar diagram of serum free testosterone [Figure 2].

DISCUSSION

The exact prevalence of TDS is not known. As the life span of 
humans is increasing, the prevalence of this condition is also 

Table 1: The androgen defi ciency in aging male Questionnaire: 
A positive answer represents yes to question 1 or question 7 or 
any 3 other questions

Do you have a decrease in libido? Yes/No
Do you have a lack of energy? Yes/No
Do you have a decrease in strength and/or endurance? Yes/No
Have you lost height? Yes/No
Have you noticed a decreased enjoyment of life? Yes/No
Are you sad and/or grumpy? Yes/No
Are your erections less strong? Yes/No
Have you noticed a recent deterioration in your ability 
to play sports?

Yes/No

Are you falling asleep after dinner? Yes/No
Has there been a recent deterioration in your work 
performance?

Yes/No

Table 2: Responses according to andropause/Non-andropause

Question No. Low 
testosterone

Normal 
testosterone

Chi-
square

P value

No. % No. %
1 Yes 32 78.0 19 16.4 52.53 0.000*

No 9 22.0 97 83.6
2 Yes 22 53.7 27 23.3 13.03 0.000*

No 19 46.3 89 76.7
3 Yes 33 80.5 21 18.1 52.25 0.000*

No 8 19.5 95 81.9
4 Yes 7 17.1 9 7.8 2.94 0.23

No 24 58.5 78 67.2
Could not 
understand

10 24.4 29 25.0

5 Yes 0 0.0 18 15.5 8.67 0.01*
No 39 95.1 87 75.0
Could not 
understand

2 4.9 11 9.5

6 Yes 8 19.5 11 9.5 2.87 0.09
No 33 80.5 105 90.5

7 Yes 34 82.9 36 31.0 33.02 0.000*
No 7 17.1 80 69.0

8 Yes 0 0.0 17 14.7 6.74 0.02*
No 37 90.2 89 76.7
Could not 
understand

4 9.8 10 8.6

9 Yes 0 0.0 6 5.2 8.19 0.02*
No 35 85.4 106 91.4
Could not 
understand

6 14.6 4 3.4

10 Yes 1 2.4 2 1.7 1.15 0.56

No 40 97.6 111 95.7

Could not 
understand

0 0.0 3 2.6

*Signifi cant
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on the rise. The Massachusetts Male Aging Study reported a 
crude incidence rate of 12.3 per 1000 person-years, leading 
to a prevalence of 481 000 new cases of ADAM per year 
in American men aged between 40 and 69 years.[1] The 
prevalence of TDS has not been reported from most Asian 
countries.[2�4] To estimate the prevalence of this condition 
in India, we performed a pilot study in a small number of 
healthy volunteers working in the surgical departments of 
our hospital. The volunteers were asked to attend a free 
health checkup camp and before attending the camp they 
did not even know that they will be evaluated for TDS too. 
However, when they reported for the checkup, they were 
invited to participate in TDS study. In this way, we were able 
to avoid the bias that would have appeared had we advertised 
that it will be an �andrology� checkup camp. So the chances 
of selection bias that volunteers with some sexual problems 
would attend the camp were minimized.

We used the simpler St. Louis University�s questionnaire, the 
validity of which has been tested and reported previously. [5�7] 
The ADAM questionnaire in the original validation had 
a sensitivity and speciÞ city of 88 and 60%, respectively, 
against the serum bioavailable testosterone levels.[5] The 
sensitivity and speciÞ city of AMS has been reported to 
be 83 and 39%, respectively;[8] however, in another study 
from Europe none of the three AMS domains correlated 

significantly with serum levels of total, bioavailable, 
or free testosterone in men older than 70 years.[9] The 
MMAS has shown a sensitivity and speciÞ city of 60 and 
59%, respectively. These questionnaires are useful as 
screening tools but fall short of expectation for diagnostic 
purposes. [10] Morley et al., compared the ADAM, AMS, and 
MMAS questionnaires using bioavailable testosterone as the 
�biochemical gold standard� for diagnosis of hypogonadism. 
The sensitivity for ADAM, AMS, and MMAS was found 
to be 97, 83, and 60%, respectively and the speciÞ city 
for ADAM, AMS, and MMAS was 30, 39, and 59%, 
respectively.[11]

In our study, an unusually high number (67.5%) of 
volunteers reported symptoms of ADAM on the basis of 
St. Louis University�s Questionnaire. This could be because 
of the nature of the questionnaire. The questionnaire was 
structured on a �Yes/No� format and the volunteers did not 
have the scope of saying that they had only mild symptoms. 
Many volunteers who had mild symptoms could have been 
picked up as symptomatic for androgen deÞ ciency on the 
basis of this questionnaire. Of interest, 58.5, 95, 80.5, 90, 85.4, 
and 97.6% of men gave a �No� answer to questions number 
4, 5, 6, 8, 9, and 10, respectively. For possible explanation of 
this Þ nding, a larger study in a more heterogenous group of 
people is required. Some questions like �Have you noticed a 
recent deterioration in your ability to play sports?� may not 
be relevant in some countries like India where most people 
above 40-years of age do not play sports. Similarly, many 
of our volunteers reported that answers to questions 2, 3, 

Figure 1: Scatter plot of free testosterone for each patient

Table 3: Association between different variables with 
andropause and non-andropause patients

Variable Andropause Non-andropause RR (95%CI)
Age

40–50 5/47 (10.6) 42/47 (89.4)
0.3 (0.1–0.8)

51–60 36/110 (32.7) 74/110 (67.3)
Type of disease

Diabetic 8/12 (66.7) 4/12 (33.3)
1.3 (0.7–2.7)

Hypertensive 6/12 (50.0) 6/12 (50.0)

*Signifi cant, values in the parentheses are the percentage, RR = relative risk, 
CI = confi dence interval

Table 4: Mean ± SD of height, weight, and BMI of studied 
patients

Variable Andropause 
(n = 41)

Non-andropause 
(n = 116)

t-value P value

Height 166.5 ± 5.19 167.72 ± 5.49 1.23 0.22
Weight 66.44 ± 6.57 63.58 ± 6.89 2.31 0.02*

BMI 24.03 ± 2.77 22.68 ± 2.95 2.55 0.01*

Figure 2: Bar diagram of serum free testosterone
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8, and 10 were quite close to each other [Table 1]. Some 
investigators have, therefore, developed shorter versions 
of ADAM questionnaire.[12,13]

Due to the low speciÞ city of the St. Louis questionnaire, a 
substantial number of men tested positive for andropause 
symptoms based on this questionnaire but did have low-
serum androgens. It is therefore likely that the population 
of men with symptoms of TDS but who did not meet 
the criteria for the diagnosis had some other medical or 
psychological co-morbidity that was contributing to the 
symptoms.

On the basis of biochemical evaluation, 52 subjects (33.1%) 
were found to have low free-serum testosterone levels. 
However, the total-serum testosterone levels were found to 
be low in 32 subjects only. This is because the normal total-
serum testosterone levels have a wide normal range and do 
not decline as rapidly as do free and bioavailable (free and 
albumin-bound) testosterone.[14�17] The more pronounced 
decrease in free than in total testosterone is explained 
by the age-dependent increase in the binding capacity of 
SHBG (1.2% per year). Many investigators recommend 
measurement of bioavailable or free testosterone as a better 
predictor for diagnosing andropause.[18,19] The ideal test in 
men suspected of hypogonadism is the measurement of free 
testosterone by the equilibrium dialysis method.[19] This 
method, however, is difÞ cult to perform, not automated, 
and largely inaccessible to most clinicians. Measurement of 
�free testosterone� by radioimmunoassay is widely available 
but is unreliable.[19] We have evaluated serum testosterone 
levels using the ELISA, which is a reliable method.[20]

The reported prevalence of biochemical hypogonadism 
is about 7% of the age group less than 60 years old but 
increases to 20% in those over 60 years of age.[21] Our study 
in a small group of healthy men revealed symptoms of 
TDS in 67.5% and biochemical hypogonadism in 33.1%. 
However, symptomatic hypogonadism was seen in only 
26.1% (in 41 out of 157 cases). The prevalence of biochemical 
hypogonadism found in our study (26.1%) is similar to that 
found in a study of 316 Canadian physicians aged 40�62 
years. Low bioavailable testosterone levels (<70 ng/dl) were 
present in 25% of these men; the questionnaire identiÞ ed this 
group with a sensitivity of 88% and a speciÞ city of 60%. [5] 
However, our incidence is much higher than prevalence 
of 6�9.5% reported for community-dwelling men aged 
40�70 years from France.[22]

Serum testosterone levels show diurnal variation and there 
is also substantial variation (~20%) from week-to-week.[23] 
Therefore, two testosterone measurements at least a week or 
two apart are recommended for diagnosing TDS and starting 
treatment. We measured serum testosterone at a single 
point which may have overestimated or underestimated this 
condition. The relationship between symptoms of TDS and 

hormonal levels in complex are still not fully understood 
and there is a lack of correlation between the clinical picture 
and the most commonly used biochemical conÞ rmatory 
tests.[24] Additional questionnaires (CES-D, Beck Depression 
Inventory, etc) for depression and additional biochemical 
data (like thyroid hormone levels) that may influence 
the response to ADAM questionnaire were not done. 
However, no patient had clinical manifestation of hypo- or 
hyperthyroidism. The population selected for this study was 
men working in hospital and is unlikely to be a representative 
sample of the general male population in India. Another 
study using other validated questionnaires such as the 
AMS scale or MMAS and more detailed measurement of 
testosterone levels in a larger number of men is required to 
determine the prevalence of this condition in Indian men.

CONCLUSION

Symptomatic hypogonadism was found to be at least 
as common as that reported in the Western literature. 
The higher prevalence of patients with symptoms of 
hypogonadism but with normal serum testosterone found 
in our patients could be because of the nature of the ADAM 
questionnaire. Free-serum testosterone levels may be a 
better single test to diagnose TDS.
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