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ABSTRACT
Objective: The objective of this study was to correlate the values of abdominal circumference (AC) 
and body mass index (BMI) with the levels of total testosterone (TT), free testosterone (FT) and sexual 
hormone binding globulin (SHBG). We aimed to analyze the association between the anthropometric 
values and variations in the hormonal levels. Subjects and methods: A transversal prospective 
study was conducted. A total of 159 patients were included in the study. Results: BMI was inversely 
correlated with TT and SHBG (p = 0.02 and p = 0.006, respectively). AC was also inversely correlated 
withTT and SHBG (p = 0.006 and p < 0.0001, respectively). However, BMI did not correlate signicantly 
with these hormonal levels after adjusting for age. Conclusion: This finding led to the conclusion 
that AC had a stronger inverse correlation than BMI with TT and SHBG. Our data suggested that AC 
alone can be used as an anthropometric parameter to help simplify the identification of men with low 
serum TT levels. Arch Endocrinol Metab. 2017;61(1):76-80
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INTRODUCTION

P opulation aging has widespread consequences 
on all sections of organized civil society. From 

a medical perspective, clinicians are called upon to 
address the prevention, treatment and even retardation 
of the consequences of aging. Aging women experience 
a decrease in estrogen which invariably evolves into 
menopause, a very well-known condition that is 
often discussed by doctors and patients. Aging men 
usually develop a decrease in androgen levels (1). 
These biochemical findings and the associated specific 
symptoms are known as Androgen Deficiency of the 
Aging Male (ADAM). The array of associated symptoms 
include decreased libido, erectile dysfunction, decreased 
ejaculate volume, hair loss, weakness, and anemia (2). 
Low testosterone levels can also lead to decreased bone 
mineral density and lean mass, increased fat mass, and 
increased cardiovascular risk including atherosclerosis 
and the metabolic syndrome (3-6).

Despite being the subject of many studies, male 
hypogonadism and ADAM are not easily identified 
during office consultations, due to cultural and even social 
characteristics of Brazilian males, particularly among the 
elderly. A method to effectively identify these patients 
is necessary in order to expand the multidisciplinary 
treatment of the aging male population, with the aim to 
improve their global quality of life.

The objective of this study was to analyze two 
anthropometric values, abdominal circumference (AC) 
and body mass index (BMI), and compare them to 
serum levels of total testosterone (TT), free testosterone 
(FT) and sexual hormone binding globulin (SHBG). 
We aimed to identify the best anthropometric-hormonal 
correlation that could help identify patients with a 
potential diagnosis of ADAM.

SUBJECTS AND METHODS

A transversal prospective study was conducted. We 
included male outpatients in our service who were 
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greater than 40 years old in a random manner, without 
distinction by race or ethnicity. Patients were excluded if 
any other possible cause of hypogonadism was identified 
during the consultation (e.g., use of medication, testis 
affections, hyperprolactinemia). All of the subjects 
signed an informed consent form. A total of 159 men 
agreed to participate in the study. The institutional 
Ethics Committee approved the study. 

The data collection took place over 4 months, 
between April and August of 2013. The anthropometric 
data (height, weight and abdominal circumference) 
and age were measured in a preliminary interview. 
Each subject had a fasting blood sample drawn between 
8:00 h and 10:00 h. Serum levels of total testosterone, 
free testosterone and SHBG were analyzed. 

The total testosterone and SHBG levels were measured 
using chemiluminescence immunoassay (CLIA) kits, 
and the free testosterone was calculated according to 
Vermeulen’s Formula (http://www.issam.ch/freetesto.
htm). Height was measured in meters (m) and weight in 
kilograms (kg), and both measurements were obtained 
with the subject barefoot and wearing only underpants. 
The AC was measured in centimeters (cm), using the 
landmark of the average point between the 10th rib and 
the iliac crest at the axillary line. The subjects were divided 
into two groups, patients with an AC higher than 102 cm 
and patients with an AC lower than 102 cm, based on the 
AC criteria for patients at high risk for metabolic disease 
(7). The BMI was calculated and patients were also divided 
in two groups, patients with a BMI higher than 30 and 
patients with a BMI lower than 30, based on the World 
Health Organization criteria for obesity classification (8). 
The data were organized in a frequency and contingency 
table. The Kolmogorov-Smirnov test was used to 
determine the sample distribution. The central tendency 
was displayed as the average and standard deviation for 
parametric data, whereas the median and interquartile 
intervals were used for non-parametric data.

The AC and BMI were individually correlated 
with TT, FT and SHBG levels using the Spearman 
test. Multiple linear regression was used to analyze 
independent variables and to correlate age, BMI and 
AC. The ANCOVA was used to analyze correlations 
between hormonal values and the 4 groups of subjects, 
according to their BMI (higher than 30, lower than 
30) and AC (higher than 102 cm, lower than 102 cm).

All the statistical tests were deemed significant 
at a p-value lower than 0.05. The analytical software 
utilized was MedCalc v.10.0.

RESULTS

The demographic data are displayed in Table 1. The 
median age was 66.7 years. The average BMI was 28.1 
kg/m2 and the average AC was 98.7 cm.

Table 1. Demographic and hormonal data

N 159

Age 66.7 (58.4 – 71.9)*

BMI 28.1 (± 4.3)#

AC 98.7 (±11.46)#

Total testosterone 369 (291 – 423.6)*

Free testosterone 6.66 (5.17 – 8.28)*

SHBG 39.1 (30.8 – 50.8)*

* Median (inter-quartile interval); # Average (standard deviation).

BMI was inversely correlated with TT and SHBG, 
both significantly, but the correlation between BMI and 
FT was not significant. AC was also inversely correlated 
with TT and SHBG and these results were with 
statistically significant. The data are shown in Table 2.

Table 2. Anthropometric measurements and hormonal correlations*

FT TT SHBG

BMI 0.809 0.03 0.006

AC 0.895 0.006 < 0.001

* Spearman’s p-value.

An age-adjusted linear regression analysis demons-
trated correlation between the anthropometric 
parameters and hormonal levels, and the results are shown 
in Table 3. We tried to refine our analysis, knowing that 
the age range could bias the results. Again, we confirmed 
that BMI and AC both correlated with TT and SHBG.

Table 3. Adjusted partial correlation* between anthropometric 
measurements and FT, TT and SHBG

Abdominal 
circumference (AC)

Body mass index 
(BMI)

Free testosterone

Age adjustment P = 0.419 P = 0.459

AC adjustment - P = 0.669

Age and BMI adjustment P = 0.59 -

Total testosterone

Age adjustment P = 0.002 P = 0.025

Age and AC adjustment - P = 0.306

Age and BMI adjustment P = 0.019 -

SHBG

Age adjustment P < 0.001 P = 0.015

AC adjustment - P = 0.681

Age and BMI adjustment P < 0.001 -

* Multiple linear regression p-value (CI = 95%).
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The group analysis, displayed in Table 4, revealed 
that men with an AC lower than 102 cm had 
significantly lower TT and SHBG levels than men with 
an AC higher than 102 cm. When the BMI groups 
were compared, we found that men with a BMI lower 
than 30 had significantly higher SHBG levels than men 
with a BMI higher than 30. No significant differences 
were observed between the groups when TT and FT 
were analyzed.

DISCUSSION

Men’s testosterone synthesis decreases with age, 
whereas central obesity tends to increase (1,9). Many 
authors have demonstrated the existence of an inverse 
correlation between total testosterone and central obesity 
when they are analyzed in the same subject (10-12). 
The proposed pathophysiology is that visceral fat is 
associated with lower plasmatic SHBG concentration 
(13,14), which results in more testosterone in a free 
form, resulting in negative feedback to the pituitary 
gland, which inhibits the production luteinizing 
hormone and lowers its level. Therefore, the low SHBG 
levels decrease testosterone production (14). Moreover, 
abundant cytokine production within the fat tissue also 
inhibits testosterone production through intracellular 
mechanisms. Alpha tumor necrosis factor (α-TNF), 
for instance, inhibits steroid production inside Leydig 
cells, at the intracellular transcription level, whereas 
interleukine-1 (IL-1) inhibits the cholesterol side-chain 
cleavage by the p450 cytochrome inside the Leydig 
cells (15).

Central obesity and increased abdominal 
circumference are conditions that correlate to each 
other. Increased abdominal circumference has been 

Table 4. Mean free testosterone, total testosterone and SHBG in different anthropometric subgroups

AC < 102 cm AC > 102 cm
p-value*

N Mean SD N Mean SD

Free testosterone 101 7.35 0.31 58 6.96 0.41 0.324

SHBG 101 44.61 1.47 58 37.29 1.94 0.001

Total testosterone 101 394.69 13.7 58 342.74 18.2 0.007

BMI < 30 BMI > 30
p-value*

N Mean SD N Mean SD

Free testosterone 47 7.51 0.22 112 6.88 32.17 0.753

SHBG 47 48.08 1.35 112 37 0.67 0.004

Total testosterone 47 411.4 8.87 112 360 2.36 0.09

* ANCOVA’s p-value.

described as the best indicator of central obesity (14), 
total body fat (16) and visceral fat (17,18), particularly 
in men who are more than 40 years of age. When the 
production of androgenic hormones in these groups of 
patients was examined, Svartberg and cols. concluded 
in the Tromsø study that abdominal circumference 
values were inversely associated with serum levels of 
TT, FT and SHBG (11). In addition, they reported 
a higher strength of association between abdominal 
circumference and TT, FT and SHBG when compared 
to the association between BMI and TT, FT and SHBG. 
The investigators proposed that, within that patient 
population, the simple measurement of AC could be 
useful to anticipate levels of serum testosterone (19). 
Similarly, Seidell and cols. have shown that men with 
higher visceral fat values have lower total and free 
testosterone serum levels (10).

Multiple transversal and longitudinal studies 
(11,20,21) have shown that aging men experience 
progressive declines in their TT and FT levels. This 
down variation is physiological (11,20), and it is caused 
by a reduction in testicular function associated with a 
reduction in the activity of the hypothalamic-pituitary 
axis (22,23). By adjusting our data for age, we reduced 
the chance of an eventual distortion in the comparison 
of the variables and men in different ages. We found 
that, even after this adjustment, our results remained 
consistent and statistically significant.

There is controversy in the literature about the 
cause and effect theory of low androgen levels and 
obesity. Some authors have suggested that obesity has a 
causal role in the decline of androgen levels. They state 
that weight loss can partially reverse low TT and SHBG 
levels (24-26). However, Khaw and Barrett-Connor 
showed that TT and SHBG were inversely correlated 
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with visceral fat and age, suggesting that testosterone 
can mobilize abdominal fat deposits (13). During the 
15 observation years of The Massachusetts Male Aging 
Study (27), there was evidence that low testosterone 
and SHBG levels could predict the incidence of the 
metabolic syndrome. Ding and cols. concluded that 
low SHBG levels can predict the risk of developing type 
2 diabetes mellitus (28).

Within our pool of subjects, AC was inversely 
correlated with TT and SHBG levels. Moreover, AC 
correlated in a stronger and more consistent manner 
with TT and SHBG than BMI. Because we recruited a 
considerable number of men with a heterogeneous age 
profile and preformed their serum sample analysis in 
the same laboratory and during the same time interval 
of 2 hours in the morning, we eliminated diurnal 
variability in the testosterone levels and provided 
reliability to our data and results. The limitations of this 
study include the different sizes of the AC and BMI 
groups, the limited number of participants and the fact 
that all of the subjects were recruited from a tertiary 
urology outpatient clinic, so our findings may not be 
generalizable to other patient populations.

In conclusion, in this study we found that abdominal 
circumference had a stronger inverse correlation with 
TT and SHBG than body mass index. A measured 
abdominal circumference of greater than 102 cm can 
be used as anthropometric data to predict low TT and 
SHBG levels in patients evaluated in a medical office. 
This simple information can contribute to the correct 
identification of androgen deficiency symptoms in 
aging men.

Funding: the authors state no financial interest of any kind.

Disclosure: no potential conflict of interest relevant to this article 
was reported.

REFERENCES
1. Vermeulen A, Goemaere S, Kaufman JM. Testosterone, 

body composition and aging. J Endocrinol Invest. 1999;22(5 
Suppl):110-6. 

2. Petak SM, Nankin HR, Spark RF, Swerdloff RS, Rodriguez-
Rigau LJ; American Association of Clinical Endocrinologists. 
American Association of Clinical Endocrinologists Medical 
Guidelines for clinical practice for the evaluation and treatment 
of hypogonadism in adult male patients--2002 update. Endocr 
Pract. 2002;8(6):440-56. 

3. Barrett-Connor EL. Testosterone and risk factors for cardiovascular 
disease in men. Diabete Metab. 1995;21(3):156-61. 

4. Simon D, Charles MA, Nahoul K, Orssaud G, Kremski J, Hully 
V,  et al. Association between plasma total testosterone and 
cardiovascular risk factors in healthy adult men: The Telecom 
Study.  J Clin Endocrinol Metab. 1997;82(2):682-5.

5. Zmuda JM, Cauley JA, Kriska A, Glynn NW, Gutai JP, Kuller LH. 
Longitudinal relation between endogenous testosterone and 
cardiovascular disease risk factors in middle-aged men. A 13-
year follow-up of former Multiple Risk Factor Intervention Trial 
participants. Am J Epidemiol. 1997;146(8):609-17.

6. Hak AE, Witteman JC, de Jong FH, Geerlings MI, Hofman A, 
Pols HA. Low levels of endogenous androgens increase the risk 
of atherosclerosis in elderly men: the Rotterdam study. J Clin 
Endocrinol Metab. 2002;87(8):3632-9. 

7. Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, 
Franklin BA, et al.; American Heart Association; National Heart, 
Lung, and Blood Institute. Diagnosis and management of the 
metabolic syndrome: an American Heart Association/National 
Heart, Lung, and Blood Institute Scientific Statement. Circulation. 
2005;112(17):2735-52. 

8. Clinical Guidelines on the Identification, Evaluation, and 
Treatment of Overweight and Obesity in Adults--The Evidence 
Report. National Institutes of Health. Obes Res. 1998 Sep;6 Suppl 
2:51S-209S.

9. Lahti-Koski M, Pietinen P, Männistö S, Vartiainen E. Trends in 
waist-to-hip ratio and its determinants in adults in Finland from 
1987 to 1997. Am J Clin Nutr. 2000;72(6):1436-44.

10. Seidell JC, Björntorp P, Sjöström L, Kvist H, Sannerstedt R. 
Visceral fat accumulation in men is positively associated with 
insulin, glucose, and C-peptide levels, but negatively with 
testosterone levels. Metabolism. 1990;39(9):897-901. 

11. Svartberg J, von Mühlen D, Sundsfjord J, Jorde R. Waist 
circumference and testosterone levels in community dwelling 
men. The Tromsø study. Eur J Epidemiol. 2004;19(7):657-63.

12. Chen RY, Wittert GA, Andrews GR. Relative androgen deficiency 
in relation to obesity and metabolic status in older men. Diabetes 
Obes Metab. 2006;8(4):429-35. 

13. Khaw KT, Barrett-Connor E. Lower endogenous androgens predict 
central adiposity in men. Ann Epidemiol. 1992;2(5):675-82.

14. Haffner SM, Valdez RA, Stern MP, Katz MS. Obesity, body fat 
distribution and sex hormones in men. Int J Obes Relat Metab 
Disord. 1993;17(11):643-9. 

15. Lin T, Wang D, Stocco DM. Interleukin-1 inhibits Leydig cell 
steroidogenesis without affecting steroidogenic acute regulatory 
protein messenger ribonucleic acid or protein levels. J Endocrinol. 
1998;156(3):461-7.

16. Lean ME, Han TS, Deurenberg P. Predicting body composition by 
densitometry from simple anthropometric measurements. Am J 
Clin Nutr. 1996;63(1):4-14. 

17. Lemieux S, Prud’homme D, Bouchard C, Tremblay A, Després JP. 
A single threshold value of waist girth identifies normal-weight 
and overweight subjects with excess visceral adipose tissue. Am 
J Clin Nutr. 1996;64(5):685-93. 

18. Han TS, McNeill G, Seidell JC, Lean ME. Predicting intra-
abdominal fatness from anthropometric measures: the influence 
of stature. Int J Obes Relat Metab Disord. 1997;21(7):587-93. 

19. Svartberg J, Midtby M, Bønaa KH, Sundsfjord J, Joakimsen RM, 
Jorde R. The associations of age, lifestyle factors and chronic 
disease with testosterone in men: the Tromsø Study. Eur J 
Endocrinol. 2003;149(2):145-52. 

20. Harman SM, Metter EJ, Tobin JD, Pearson J, Blackman MR; 
Baltimore Longitudinal Study of Aging. Longitudinal effects of 
aging on serum total and free testosterone levels in healthy men. 
Baltimore Longitudinal Study of Aging. J Clin Endocrinol Metab. 
2001;86(2):724-31.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

80

Practical predictors of male hypogonadism

Arch Endocrinol Metab. 2017;61/1

21. Feldman HA, Longcope C, Derby CA, Johannes CB, Araujo AB, 
Coviello AD, et al. Age trends in the level of serum testosterone 
and other hormones in middle-aged men: longitudinal results 
from the Massachusetts male aging study. J Clin Endocrinol 
Metab. 2002;87(2):589-98. 

22. Winters SJ, Troen P. Episodic luteinizing hormone (LH) secretion 
and the response of LH and follicle-stimulating hormone to LH-
releasing hormone in aged men: evidence for coexistent primary 
testicular insufficiency and an impairment in gonadotropin 
secretion. J Clin Endocrinol Metab. 1982;55(3):560-5.

23. Deslypere JP, Kaufman JM, Vermeulen T, Vogelaers D, Vandalem 
JL, Vermeulen A. Influence of age on pulsatile luteinizing hormone 
release and responsiveness of the gonadotrophs to sex hormone 
feedback in men. J Clin Endocrinol Metab. 1987;64(1):68-73. 

24. Vermeulen A, Kaufman JM, Deslypere JP, Thomas G. Attenuated 
luteinizing hormone (LH) pulse amplitude but normal LH pulse 
frequency, and its relation to plasma androgens in hypogonadism 
of obese men. J Clin Endocrinol Metab. 1993;76(5):1140-6. 

25. Pasquali R, Vicennati V, Scopinaro N, Marinari G, Simonelli A, 
Flamia R, et al. Achievement of near-normal body weight as 
the prerequisite to normalize sex hormone-binding globulin 
concentrations in massively obese men. Int J Obes Relat Metab 
Disord. 1997;21(1):1-5. 

26. Bhasin S, Jasjua GK, Pencina M, D’Agostino R Sr, Coviello 
AD, Vasan RS, et al. Sex hormone-binding globulin, but not 
testosterone, is associated prospectively and independently 
with incident metabolic syndrome in men: the framingham heart 
study. Diabetes Care. 2011;34(11):2464-70. 

27. O’Donnell AB, Araujo AB, McKinlay JB. The health of normally 
aging men: The Massachusetts Male Aging Study (1987-2004). 
Exp Gerontol. 2004;39(7):975-84.

28. Ding EL, Song Y, Manson JE, Hunter DJ, Lee CC, Rifai N, et al. Sex 
hormone-binding globulin and risk of type 2 diabetes in women 
and men. N Engl J Med. 2009;361(12):1152-63.


