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Summary. Plasma insulin is a risk factor for diabetes mellitus 
and cardiovascular disease in men. We investigated the asso- 
ciation between plasma testosterone and plasma insulin in an 
occupational sample of 1292 healthy adult men. Total plasma 
testosterone decreased with each decade of age and insulin 
increased with each decade of age. In these cross-sectional 
data, this significant graded inverse association between tes- 
tosterone and insulin was independent of age. The associ- 
ation was reduced but not explained by the addition of 
obesity and subscapular skinfold to the model. Adjustment 

for alcohol consumption, cigarette smoking and plasma glu- 
cose did not materially alter the association. These results are 
the reverse of the positive association of androgens with in- 
sulin in women and suggest alternative possible explanations 
for the effect of hyperinsulinaemia on cardiovascular disease 
risk. Prospective studies will be necessary to determine the 
direction and causal nature of this association. 
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We have previously repor ted  a s teady stepwise age- 
related decrease in p lasma total  and bioavailable testos- 
te rone  beginning in young  adult  life in heal thy m e n  [1, 2]. 
L o w e r  tes tos terone levels were  associated with increasing 
obesity and central  adiposity, but  were  no t  explained by 
these characteristics, cigarette smoking or  alcohol  use [1]. 
P lasma total tes tos terone levels have been  shown to be ne- 
gatively corre la ted with m a n y  cardiovascular  risk factors in 
m e n  [3-19]. Insulin resistance increases with age [20-24] 
and hyper insul inaemia  has b e e n  demons t r a t ed  to be  a risk 
factor  for  co ronary  disease and mortal i ty  f rom three pro-  
spective surveys in m e n  [25-27]. In  this context,  it is surpris- 
ing that  the relat ionship be tween  plasma tes tos terone and 
plasma insulin in men  has not  been  more  closely investi- 
gated. O n e  large popula t ion-based  study descr ibed insulin 
as a confounding  factor  for  the association be tween  testos- 
te rone and prevalent  ischaemic disease [10]. We therefore  
investigated the relat ionship be tween  plasma tes tos terone 
and plasma insulin levels in a large sample of  heal thy m e n  
recrui ted f rom an occupat ional  cohort .  

Subjects and methods  

From April 1985 to July 1987, 1297 consecutive, healthy Caucasian 
men, aged 20-60 years, without diabetes mellitus or other known 
chronic diseases, who voluntarily attended a centre for preventive 

medicine, were examined in a cross-sectional study. Subjects were 
"France Telecom" employees working in the Paris area, who are of- 
fered a free medical check-up every 5 years for those under 40 years 
and every 2 years for those over 40 years. Most were sedentary office 
workers. 

A self-administered questionnaire, filled out at home and re- 
viewed by a secretary with the subject during the consultation, in- 
quired about tobacco and alcohol consumption. A physical examin- 
ation recorded height, weight and subscapular skinfold thickness 
(with a Holtain skinfold caliper). The body mass index (BMI) 
[weight(kg)/height(m) 2] was used as an estimate of obesity and sub- 
scapular skinfold thickness as an estimate of upper body fat dis- 
tribution. Blood from fasting subjects was obtained between 08.00 
and 09.00 hours. After centrifugation, plasma was separated and 
frozen at - 20 ~ until hormones were assayed an average 32 days 
later. Plasma total testosterone was measured by radioimmunoas- 
say after column chromatography on celite, with 5.1% intra-assay 
and 9.2 % inter-assay coefficients of variation [28, 29], and a sensi- 
tivity equal to 0.05 ng/ml, less than the range observed in this male 
population (0.7 to 18.8 ng/ml). Fasting plasma insulin was measured 
by radioimmunoassay with INSI-PR method (CIS Bio-Industrie; 
Gif-sur-Yvette, France), providing 13.7 and 5.8% intra-assay and 
8.0 and 8.6 % inter-assay coefficients of variation at insulin levels of 
72 and 118 pmol/l respectively, and a sensitivity equal to 30 pmol/1. 
Plasma glucose measurements were performed the day of veni- 
puncture, fasting and 2-h after a 75-g glucose load, using the glu- 
cose-oxidase method [30]. 

Of the 1297 consecutive, healthy Caucasian men, aged 20- 
60 years, five were excluded because they did not have both plasma 
testosterone and insulin measured, for technical reasons. Therefore, 
1292 subjects remained for analysis. 
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Table 1, Description of the 1292 healthy Caucasian men studied according to age 

Age (years) 

20-29 30-39 40-49 50-59 p value 

n 

Family history of diabetes (%) 

Smokers (%) 

Body mass index (kg/m 2) 

Subscapular skinfold (mm) 

Systolic blood pressure (mmHg) 

Diastolic blood pressure (mm Hg) 

Alcohol (g/day) 

Cholesterol (mmol/1) 

Triglycerides (retool/l) 

Testosterone (ng/ml) 

Fasting plasma glucose (mmol/1) 

2-h plasma glucose (mmol/1) 

Fasting plasma insulin (pmol/1) 

420 411 217 244 

9.2 10.5 12.5 9.5 0.62 

45.4 38.9 34.4 27.0 < 0.0001 

22.8 + 2.3 23.5 + 2.5 25.3 _+ 3.0 25.6 + 2.8 < 0.0001 

12.7 + 4.9 15.0 + 6.1 18.1 + 6.4 18.7 + 6.7 < 0.0001 

127.6 + 12.2 128.1 _+ 11.8 132.2 + 14.1 137.6 + 18.1 < 0.0001 

73.9 + 9.0 75.5 + 8.9 79.2 _+ 10.9 82.3 _+ 12.2 < 0.0001 

11.8 + 24.7 19.2 _+ 26.8 26.5 + 27.8 27.9 + 27.4 < 0.0001 

5.40 + 0.94 5.89 + 1.06 6.30 + 1.05 6.42 + 0.96 < 0:0001 

0.95 _+ 0.57 1.10 + 0.60 1.23 _+ 0.66 1.30 • 0.84 < 0.0001 

6.69 + 1.86 6.15 _+ L89 5.74 + 1.76 5.53 + 1.76 < 0:0001 

4.99 + 0.38 5.15 + 0.39 5.32 + 0.47 5.41 _+ 0.5l < 0.0001 

5.05 + 1.15 5.22 + 1.22 5.71 • 1.28 6.00 + 1.60 < 0.0001 

44.3 + 15.2 44.6 + 14.7 49.2 _+ 18.2 48.6 _+ 17.?[ < 0.0001 

For quantitative parameters: Mean + SD 

Table 2. Correlation matrix for age, testosterone, fasting plasma 
glucose (Go), 2-h plasma glucose (G2), fasting plasma insulin (Io), 
BMI and subscapular skinfold 

Testos- Go G2 Io BMI Ss. 
terone skin fold 

Age - 0.24 0.35 0.28 0.11 0.40 0.37 
Testosterone - 0.19 - 0.21 - 0.19 - 0.28 - 0.27 
Go 0.40 0.31 0.32 0.29 
G2 0.20 0.23 0.26 
Io 0.39 0.37 
BMI 0.71 

All correlations are significant withp < 0.0001. 

Statistical analysis 

Statistical analysis was conducted with the help of the SAS software 
on VAX/VMS [31] to perform mean comparisons by variance ana- 
lysis, to calculate Pearson correlation coefficients (untransformed 
values shown as the results were not different when log values were 
used). Mean age (and other covariates)-adjusted plasma testos- 
terone values were also calculated by categorical 15 pmol/1 incre- 
ments of fasting plasma insulin, overall in a first step, then for each 
quartile of BMI, subscapular skinfold and fasting plasma glucose 
successively, using analysis of covariance. Correlation between plas- 
ma testosterone and fasting plasma insulin (taken as a continuous 
variable) was also computed after adjustment for age, BMI, skinfold 
thickness, tobacco and alcohol consumption, fasting and 2-h plasma 
glucose. A two-tailedp value of < 0.05 was used to indicate statisti- 
cal significance. 

Results  

The  characteristics of  the 1292 Caucas ian  m e n  aged 20 to 
60 years  (mean  + SD: 37.2 + 10.7 years)  are shown in 
Table 1. P lasma tes tos terone showed a significant step- 
wise decrease  (p < 0.001) with each decade  of  age; in con-  
trast, fasting p lasma glucose, 2-h plasma glucose and fast- 

ing plasma insulin significantly increased with age (each 
significant a t p  < 0.001). 

Table 2 gives the univariate correla t ion matr ix be tween  
these parameters  and also B M I  and subscapular  skinfold. 
As  expected f rom Table 1, age was significantly negatively 
corre la ted  with p lasma tes tos terone and posit ively corre-  
lated with fasting plasma glucose, 2-h plasma glucose and 
fasting plasma insulin. In  addition, B M I  and subscapular  
skinfold were  each positively corre la ted with age (Pearson  
correla t ion coefficients equal to 0.40 and 0.37 respective- 
ly). Plasma tes tos terone was significantly negatively corre-  
lated not  only with age, but  also with fasting plasma glu- 
cose, 2-h p lasma glucose, fasting plasma insulin, B M I  and 
subscapular  skinfold. Fast ing plasma insulin, in addit ion to 
its significant positive relat ion with age (r = 0.11) and nega- 
tive relat ion with tes tos terone (r = - 0119), was also posi- 
tively corre la ted with fasting plasma glucose, 2-h p lasma 
glucose, B M I  and subscapular  skinfold. 

In  order  to bet ter  describe the link be tween  plasma tes- 
tos terone  and fasting p lasma insulin, the crude and age- 
adjusted m e a n  values of  p lasma tes tos terone were  deter- 
mined  by  fasting plasma insulin values (Table 3). There  
was a significant stepwise decrease  in p lasma tes tos terone 
with increasing levels of  insulin, even after adjusting for  
age (p < 0.0001). This decrease  was reduced  but  remained  
graded  and significant after adjusting at the same t ime for  
age, BMI,  subscapular  skinfold, tobacco  and alcohol con- 
sumption.  The  m e a n  plasma tes tos terone values by cate- 
gorical 15 pmol/1 increments  of  fasting plasma insulin 
were  6.28, 6.21, 6.14 and 5.79 ng/ml respectively (p = 0.05). 

Moreover ,  the relat ionship be tween  p lasma testos- 
te rone  and fasting plasma insulin remained  highly signifi- 
cant  after adjus tment  for  fasting and 2-h p lasma glucose 
(p < 0.0001). The  addit ion of  these two parameters  in the 
mode l  with the above-l is ted covariates reduced  but  did 
not  r emove  the significant corre la t ion be tween  plasma 
tes tos terone  and fasting plasma insulin (p < 0.03). 
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Table 3. Mean plasma testosterone by level of fasting blood insulin 
before and after adjustment for age, obesity and tobacco and alcohol 
consumption 

Fasting blood insulin 
(pmol/1) 
<30 3045 45-60 >60 pvalue 

n 229 533 339 191 

Plasma testosterone (ng/ml) 
Unadjusted mean 6.49 6.32 6.06 5.38 
(SD) (1.97) (1.89) (1.85) (1.60) 

Age adjusted 6.43 6.29 6.08 5.49 
Age, BMI and skinfold 
adjusted 6.29 6.21 6.13 5.79 

Age, BMI, skinfold, to- 
bacco and alcohol adjusted 6.28 6.21 6.14 5.79 

< 0.0001 

< 0.0001 

0.04 

0.05 

Tests were performed by analysis of variance; adjustments were per- 
formed by analysis of covariance using age, BMI, skinfold, tobacco 
and alcohol as continuous variables 

Figure i shows the age-adjusted variations of plasma 
testosterone in each respective quartile of BMI, subscapu- 
lar skinfold and fasting plasma glucose between four ca- 
tegories of fasting plasma insulin values. The decrease in 
plasma testosterone with increasing fasting plasma insulin 
level was consistent in most quartiles of BMI, subscapular 
skinfold and fasting plasma glucose despite the instability 
of relatively small numbers within subgroups, indicating 
the inverse relationship between plasma testosterone and 
fasting plasma insulin occurred at all levels of obesity, 
body fat distribution and plasma glucose. The same trend 
was observed within each quartile of 2-h plasma glucose 
(data not shown). 

Discussion 

In this population of healthy men, testosterone and insulin 
levels were inversely related, independent of age, obesity, 
body fat distribution, plasma glucose, tobacco and alcohol 
consumption. It seems unlikely that this is a chance associ- 
ation, since it is biologically plausible and consistent with 
another published report [10]. The use of only one single 
morning blood sample to measure plasma testosterone in 
men has been proved to be convenient for epidemiologi- 
cal purposes [32]. Furthermore, if a single sample in- 
creases the intraindividual variation, then the associations 
would be reduced, not enhanced. Plasma testosterone is 
mainly bound to the sex-hormone-binding globulin, 
which was not measured in this study. Recent studies sug- 
gest that a fall in total plasma testosterone is accompanied 
by a parallel fall in free testosterone [17]. Therefore, 
measuring total testosterone should not modify the rela- 
tionship observed here with insulin. The fact that the asso- 
ciation is independent of age and obesity does not exclude 
a role for these attributes as explanatory variables, as 
some of the association is lost by the addition of obesity 
and fat distribution to the model. It is possible that a better 
measure of central adiposity than subscapular skinfold 
would have better explained the association and provided 
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additional insights into its mechanism. On the other hand, 
cigarette smoking, alcohol use and plasma glucose levels 
appear to contribute little to the association, since addi- 
tion of these attributes to the model did not change the as- 
sociation materially. 

Because recruitment was occupation-based and con- 
sisted of volunteers, the sample of the study cannot be 
considered as being representative of the total French 
adult male population, even if it is probably more repre- 
sentative of healthy people than most samples in other sex 
hormones studies, often based on patient populations 
consulting for diseases or sexual dysfunction. Indeed, 
since the testosterone-insulin association was also noted 
in a population-based study of older men (aged 45- 
59 years) in Wales [10], it is unlikely to be explained by the 
Telecom worker's occupation or geographic origin. 

These cross-sectional observations do not indicate 
whether decreased testosterone causes insulin to increase 
or vice versa. The increase of plasma insulin with age is 
thought to be a physiologic marker of insulin resistance 
[20-24]. The early appearance of decreased insulin sensi- 
tivity, beginning as early as 30 years of age [20], could be 
the cause or the consequence of the parallel age-related 
decrease of plasma testosterone levels in men [1, 2]. The 
hypothesis that hyperinsulinaemia is the initial event, 
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Fig. 1. Age-adjusted plasma testosterone according to values of fast- 
ing plasma insulin, by quartiles of body mass index (upper panel), 
subscapular skinfold (middle panel) and fasting plasma glucose 
(lower panel). 1st quartile-u- ; 2nd quartile-n- ; 3rd quartile-O-; 
4th quartile-~- 
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preceding the decrease  in p lasma tes tosterone,  is par t ly  
suppor ted  by  the reduc t ion  of  adrenal  androgen  p roduc-  
t ion during hyper insul inaemic-euglycaemic  clamp in nor-  
mal men;  tes tos terone  evolut ion was unfor tuna te ly  no t  re- 
por ted  [33]. Moreover ,  the observa t ion  of  decreased  free 
and total  tes tos terone  levels in o lder  adult  m e n  with 
diabetes [34, 35] can be cons idered  to indirectly suppor t  
that  hypothesis.  

The  pharmacolog ic  models  showing an induct ion of  
impai red  glucose to lerance  and hyper insul inaemia  by  the 
adminis t ra t ion o f  androgens  to male  athletes [36] or  to  pa-  
tients with aplastic anaemia  [37] are far f rom physiologic  
condit ions and therefore  cannot  be used as p roo f  of  the 
connec t ion  be tween  tes tos terone  and insulin in hea l thy  
men.  The  hypothesis  tha t  a low level of  p lasma testos- 
t e rone  is the p r imary  modif icat ion,  fol lowed by  hyper-  
insulinaemia, is suggested by the h u m a n  m o d e l  of  Kline- 
felter's synd rome  where  dysgenesia-reta ted h y p o g o n a d -  
ism is of ten  accompan ied  by an impaired  glucose 
tolerance,  or  even  by diabetes, due to insulin resistance 
[38]. The  observat ion  tha t  lower  levels of  gonada l  and 
adrenal  androgens  were  associated with increasing levels 
of  waist-hip-ratio several  years  later in m e n  of  the  R a n c h o  
Be rna rdo  survey [39], also suggests that  low androgens  
p r o m o t e  abdomina l  obesity. A b d o m i n a l  obesi ty is, in 
turn, a wel l -known predic tor  of  hyper insul inaemia  and 
diabetes [40]. 

Interestingly, the inverse association be tween  andro-  
gens and insulin in m e n  is the reverse of  the be t te r -known 
direct  associat ion be tween  androgens  and insulin seen in 
women .  Thus,  there  is a posit ive corre la t ion be tween  tes- 
tos te rone  and  insulin levels (basal as well as glucose- 
s t imulated)  in w o m e n  with polycyst ic  ovary  synd rome  
[41]. Moreover ,  non-diabet ic  w o m e n  with central  obesi ty  
typically have hyper insul inaemia,  insulin resistance and 
androgen  excess [42-44]. 

A l t h o u g h  this cross-sectional  study does no t  permi t  di- 
rect  inference about  causali ty or  a t empora l  relat ionship 
be tween  tes tosterone,  insulin, B M I  and b o d y  fat distribu- 
t ion in men,  the present  data  suppor t  the need  for  fur ther  
studies in this field which could be of  impor tance  in the un- 
ders tanding of  the relat ionship be tween  diabetes and car- 
diovascular  diseases. 
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