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Abstract
Objective: To study whether lifestyle factors and/or chronic disease are associated with the age-related
decline of total and free testosterone in men, or if these factors might be associated with the variation
of total and free testosterone but not with their age-related decline.
Design: A population-based, cross-sectional study was used.
Methods: Total testosterone and sex hormone binding globulin (SHBG) levels were analyzed and free
testosterone levels were calculated in 1563 men participating in the Tromsø study in 1994/1995.
Anthropometric characteristics were also measured and two standardized questionnaires completed,
including lifestyle factors and medical history. The data were analyzed with multiple linear regression
analysis of covariance, and logistic regression.
Results: Total and free testosterone were inversely associated (P ¼ 0.001 and P , 0.001), while SHBG
was positively associated (P , 0.001) with age. Body mass index (BMI) was inversely associated with
total (P , 0.001) and free (P ¼ 0.016) testosterone and SHBG (P , 0.001). Both total and free testosterone were positively associated with tobacco consumption (P , 0.001 and P ¼ 0.004) and total
testosterone was positively associated with coffee consumption (P , 0.001). SHBG was positively
associated with smoking (P ¼ 0.004) and coffee consumption (P , 0.001). Men who reported
having had a stroke or having a cancer diagnosis had lower levels of total testosterone (P , 0.001
and P , 0.01) and free testosterone (P , 0.01).
Conclusions: BMI and smoking are independent contributors to the variation of total and free testosterone and SHBG levels, and coffee consumption to the variation of total testosterone and SHBG.
Thus, lifestyle factors can have a direct effect on circulating levels of free endogenous sex hormones
and to total levels due to the effect on SHBG levels.
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Introduction
Several small and large cross-sectional studies have
found testosterone levels to decrease with age (1, 2),
while a few studies did not (1, 3). Two longitudinal
studies have reported a gradual but progressive
decrease in serum testosterone concentration with
age; the decline in free testosterone levels being greater
than that in total testosterone levels (4, 5). Most of the
studies of age-related variations in testosterone levels
included healthy older men, and it is possible that
men with chronic diseases might have even lower testosterone levels. A variety of diseases are linked to sex
hormones in men (6 – 9) and, especially cardiovascular
disease, are associated with age, body mass index (BMI)
and lifestyle factors such as smoking. Associations have
been reported between sex hormones and obesity,
smoking, alcohol consumption and exercise, but the
results have been inconsistent (10 –13).
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In this population-based study we investigate
whether lifestyle factors are associated with sex hormones, whether they are associated with the decline
of total and free testosterone with age, or whether lifestyle factors might be associated with variation of total
and free testosterone but not with the age-related
decline. We also investigate factors predicting lower
levels of total and free testosterone, as well as how
chronic disease affects the variation of total and free
testosterone.

Methods
Study population
The Tromsø Study is a population-based health survey
focusing primarily on cardiovascular diseases (14). In
the fourth survey, which took place from 1994 to
1995, all men and women aged 25 years or older
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were invited and 80% (27 159 individuals) attended.
All participants aged 55 – 74 years plus random
5% samples of subjects in the other age groups, and a
group of 308 men aged 40 – 54 years (selected on the
basis of high total cholesterol and/or low high-density
lipoprotein (HDL) cholesterol) were invited to a second
visit for a more extensive examination. A total of
6891 subjects (3393 men) attended the second visit,
representing 79% of the eligible population. Serum
samples were drawn for the future analyses of sex
hormones in a sub-sample of 1605 men who had
been selected randomly by computer for echocardiography. Thus sex hormone analyses were performed for
1605 men of whom 1565 men (including 166 men
from the group with high cholesterol) had sufficient
serum for all hormone data. Two men using androgen
therapy were excluded, leaving 1563 men for these
analyses.

Questionnaires
All participants completed a standardized questionnaire that included the number of cigarettes smoked
per day, hours of easy and vigorous physical activity
per week, cups of coffee drunk per day, and number
of glasses of beer, wine and hard liquor drunk per 2
weeks. From this questionnaire a physical activity
score was made by adding together the hours of easy
and vigorous physical activity (giving the hours with
vigorous activity double weight). An alcohol intake
score of beer, wine and hard liquor, assuming an
equal amount of alcohol in one glass of each type,
was also created.
A second questionnaire on medical history and past
and present medication was completed at home and
returned by post.

Measurements
Height and weight were measured with participants
wearing light clothing without shoes, and BMI was
calculated as weight in kilograms divided by the
square of the height in meters (kg/m2).
Blood was drawn by venipuncture non-fasting
between 0800 and 1600 h. Serum samples were stored
at 2 70 8C, until they were first thawed for analysis of
sex hormones in 2001, after an average of 6.5 years.
Determination of total testosterone and sex hormone
binding globulin (SHBG) was performed on Immulite
2000 (Diagnostic Product Corp., Los Angeles, CA,
USA). The intra- and interassay coefficients of variation
(CV) for total testosterone were 3.5% and 5% respectively at a concentration above 1 nmol/l and 12% and
20% respectively in the range 0.1 (limit of detection)
to 1.0 nmol/l. For SHBG the intra- and interassay CVs
were 3.5% and 6% respectively and limit of detection
was 1.0 nmol/l. Eight men (0.5%) had total testosterone
values below the detection level, and for this analysis,
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their levels were converted to values midway between
zero and assay sensitivity level. Seven men (0.4%)
had SHBG levels . 180 nmol/l, and their levels were
converted to 180 nmol/l.
Free testosterone values were calculated from total
testosterone and SHBG according to Vermeulen et al.
and Södergård et al. (15, 16):
FT ¼ ð½T 2 ðN £ ½FTÞÞ=ðK t {SHBG 2 ½T þ N½FT}Þ
where FT is the concentration of free testosterone; T is
the concentration of total testosterone; N ¼ KaCa þ 1
(where Ka is the association constant of albumin for
testosterone ¼ 3.6 £ 104 l/mol and Ca is the albumin
concentration set to 6.2 £ 1024 mol/l); Kt is the association constant of SHBG for testosterone ¼ 1 £ 109
l/mol; and SHBG is the concentration of sex hormone-binding globulin.
This yields a second-degree equation, and solving
this for free testosterone gives the following solution:
p
FT ¼ ð2ððK t £ SHBGÞ 2 ðK t £ TÞ þ NÞ^ ðððK t £ SHBGÞ
2 ðK t £ TÞ þ NÞ2 þ ð4 £ ðK t £ NÞ £ ð2TÞÞÞ=
ð2 £ ðK t £ NÞÞ
p
Root expression is: ðððK t £ SHBGÞ 2 ðK t £ TÞ þ NÞ2
þð4 £ ðK t £ NÞ £ ð2TÞÞÞ:

Statistical analyses
Multiple linear regression models were used to determine the contribution of age, BMI, smoking, coffee
and alcohol consumption, and physical activity to
hormone levels. Analysis of covariance was used to
calculate adjusted means of sex hormones and SHBG
by lifestyle factors and chronic disease; age and BMI
were used as continuous variables and as covariates
in the model. The independent relationship between
age, BMI and lifestyle factors and hormone levels was
tested with logistic regression analysis, where hormone
levels were treated as the dependent variable. The
model calculates the odds ratio (OR) for being in the
lowest quintile of the dependent variable. All statistical
tests were two-tailed with statistical significance
defined as P , 0.05. The data were analyzed using
the SPSS statistical package for Windows version
10.1 (SPSS Inc., Chicago, IL, USA).

Ethics
The Tromsø Regional Ethics Committee approved the
study, and all participants gave written informed
consent.

Results
Characteristics of the 1563 men are shown in Table 1,
and in Table 2 the distribution and variation of mean
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total and free testosterone, SHBG, BMI and lifestyle
factors by age (in decades) are presented.
Table 3 shows an inverse linear association between
age and both total testosterone (P ¼ 0.001) and free
testosterone (P , 0.001). The decline of total testosterone with age was consistent but, as shown in Fig. 1, the
variation was wide. Figure 1 also shows a consistent
and more pronounced decrease of free testosterone
with age. Table 3 also shows an inverse association
between BMI and total testosterone (P , 0.001) and
free testosterone (P ¼ 0.016). Both total and free testosterone were positively and significantly associated with
tobacco consumption (P , 0.001 and P ¼ 0.004)
Table 1 Characteristics of the 1563 Tromsø men.
Mean 6 S.D.
Age (years)
Anthropometric characteristics
Height (cm)
Weight (kg)
BMI (kg/m2)
Hormone levels
Total testosterone (nmol/l)
Free testosterone (pmol/l)
SHBG (nmol/l)

60^10
175^7
80.0^12.2
26.0^3.4
13.2^5.2
204^77
52.4^24.0

Lifestyle factors
Smoking – yes (%)
Coffee – .4 cups/day (%)
Alcohol – .6 drinks/2 weeks (%)
Physical activity (vigorous) – $3 h/week (%)

%
33
63
25
29
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and total but not free testosterone was positively and
significantly associated with coffee consumption
(P , 0.001). No associations between total or free
testosterone with physical activity or alcohol consumption were found.
SHBG was positively associated with age
(P , 0.001). An inverse association between SHBG
and BMI (P , 0.001) was also found. SHBG was positively associated with smoking (P ¼ 0.004) and coffee
consumption (P , 0.001), but there was no association between SHBG and alcohol consumption or
weekly exercise.
Table 4 shows that smokers have significantly higher
levels of total testosterone (14.4 vs 12.5 nmol/l; P ,
0.001), free testosterone (214 vs 199 pmol/l;
P , 0.001) and SHBG (56.3 vs 50.0 nmol/l; P ,
0.001), adjusted for age and BMI. Men with a high
coffee consumption also have increased levels of total
testosterone (13.7 vs 12.3 nmol/l; P , 0.001), free
testosterone (206 vs 199 pmol/l; P , 0.05) and SHBG
(54.2 vs 49.2 nmol/l; P , 0.001). No difference in hormone levels was found between men reporting moderate to high alcohol consumption and men reporting
low alcohol consumption or among men reporting
different levels of weekly physical activity.
Table 5 shows that men who reported having had
a stroke or a cancer diagnosis had significantly lower
levels of total testosterone (10.2 vs 13.2 nmol/l;
P , 0.001 and 11.1 vs 13.2 nmol/l; P , 0.01 respectively) and free testosterone (174 vs 205 pmol/l;

Table 2 The distribution of total and free testosterone, and SHBG levels, BMI and lifestyle factors in relation to age groups.

Age
25– 39
40– 49
50– 59
60– 69
70– 84
P-trend

n
75
124
454
614
296

Total testosterone Free testosterone
(nmol/l)
(pmol/l)
14.7 (6.0)
13.8 (5.0)
13.3 (5.1)
13.1 (5.2)
12.5 (5.3)
P , 0.001

295 (108)
254 (79)
218 (75)
190 (62)
168 (62)
P , 0.001

SHBG
(nmol/l)
36.0 (15.1)
39.6 (16.6)
47.3 (20.3)
55.7 (24.7)
62.0 (25.7)
P , 0.001

BMI
(kg/cm2)

Smoking
(%)

Coffee
(%)

Alcohol
(%)

24.6 (2.9)
37
72
34
27.1 (3.3)
45
74
35
26.6 (3.1)
38
72
30
26.1 (3.5)
35
67
23
25.5 (3.8)
26
54
13
P ¼ 0.394 P , 0.001 P , 0.001 P , 0.001

Physical activity
(%)
48
43
31
25
22
P , 0.001

Smoking (yes); coffee (. 4 cups/day); alcohol (. 6 drinks/2 weeks); physical activity, vigorous ($ 3 h/week).

Table 3 Multiple linear regression models with total and free testosterone and SHBG as dependent variables.
Dependent variables
Total testosterone
Independent variables
Age
BMI
Smoking – cigarettes/day
Coffee – cups/day
Alcohol – drinks/2 weeks
Physical activity score
Adjusted R 2

Free testosterone

SHBG

b†

P

b†

P

b†

P

20.08
20.30
0.11
0.11
20.02
20.01

0.001
,0.001
,0.001
0.018
NS
NS

20.41
20.06
0.07
0.02
0.02
20.01

,0.001
0.016
0.004
NS
NS
NS

0.32
20.38
0.07
0.10
20.05
0.03

,0.001
,0.001
0.004
,0.001
NS
NS

0.135

0.185

0.276

† Standardized beta coefficient.
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Figure 1 Box plot of total and free testosterone (median, 25th, 75th percentiles and whiskers) by age groups.

P , 0.01 and 175 vs 205 pmol/l; P , 0.01 respectively), after adjusting for age and BMI. SHBG
levels were significantly lower in men reporting
stroke (45.3 vs 52.4 nmol/l; P , 0.05). Men with
ischemic heart disease (IHD) had significantly higher
levels of free testosterone (215 vs 202 pmol/l;
P , 0.01). After adjusting for age and BMI, no significant difference in hormone levels was found in men
with diabetes compared with men without diabetes,
and there was no difference between having a chronic
disease and not.
Table 6
shows that men with a high BMI
(. 25 kg/cm2) were more likely (OR ¼ 1.984; P ,

0.001) and smokers less likely (OR ¼ 0.495; P ,
0.001) to be in the lowest quintile of total testosterone
(# 9.0 nmol/l), while there was no relationship with
age, coffee and alcohol consumption, and physical
activity. Older men were more likely (OR ¼
1.078/year; P , 0.001) and smokers less likely (OR
0.687; P ¼ 0.017) to be in the lowest quintile of free
testosterone.
There was a negative correlation between the time of
day of venipuncture and both total and free testosterone. Adjusting for sample time did not change any of
the results, and a stratified analysis with samples
drawn before and after 1100 h did not materially

Table 4 Age- and BMI-adjusted mean levels of total and free testosterone and SHBG in relation to lifestyle factors.
Total testosterone
(nmol/l)
Smoking
Yes
No
Coffee
. 4 cups/day
1– 4 cups/day
Alcohol
. 6 drinks/2 weeks
# 6 drinks/2 weeks
Physical activity (vigorous)
, 3 h/week
$ 3 h/week

Free testosterone
(pmol/l)

SHBG
(nmol/l)

14.4‡
12.5

214‡
199

56.3‡
50.0

13.7‡
12.3

206*
199

54.2‡
49.2

13.2
13.0

205
195

51.9
54.4

13.2
13.1

205
202

52.8
51.8

*P , 0.05; ‡P , 0.001.
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Table 5 Age-adjusted and age- and BMI-adjusted mean levels of total and free testosterone and SHBG in relation to a variety of
chronic diseases.

Diabetes
n
Total testosterone (nmol/l)
Age-adjusted
Age- and BMI-adjusted
Free testosterone (pmol/l)
Age-adjusted
Age- and BMI-adjusted
SHBG (nmol/l)
Age-adjusted
Age- and BMI-adjusted

IHD

Stroke

No
1513

Yes
50

No
1326

Yes
237

No
1521

13.2
13.2

11.2†
12.2

13.2
13.1

13.1
13.5

13.2
13.2

204
204
52.6
52.4

201
203

202
202

40.6‡
46.4*

53.1
52.6

214*
215†
47.7†
50.0

205
205
52.5
52.4

Yes
42
9.9‡
10.2‡
173†
174†
43.7*
45.3*

Chronic
disease

Cancer
No
1508

Yes
55

13.2
13.2
205
205

11.5*
11.1†
176†
175†

52.0
52.0

58.8*
56.9

No
1224

Yes
339

13.4
13.3

12.4†
12.7

204
204
53.1
52.6

203
204
49.1†
50.8

IHD ¼ ischemic heart disease (angina and/or myocardial infarction); chronic disease ¼ a combination of the diseases in the table (some individuals had
more than one disease).
*P , 0.05; †P , 0.01; ‡P , 0.001.

Table 6 Logistic regression models with the lowest quintile vs all other values for total and free testosterone.
OR

95% CI

P

Total testosterone
Age
BMI – #25 vs .25 kg/cm2
Smoking – no vs yes
Coffee – 1 –4 cups vs .4 cups/day
Alcohol – #6 drinks vs .6 drinks/2 weeks
Physical activity (vigorous) – $3 h vs ,3 h/week

1.014
1.984
0.495
0.888
1.300
1.097

0.999–1.029
1.470–2.677
0.362–0.679
0.672–1.175
0.962–1.758
0.813–1.480

NS
,0.001
,0.001
NS
NS
NS

Free testosterone
Age
BMI – #25 vs .25 kg/cm2
Smoking – no vs yes
Coffee – 1 –4 cups vs .4 cups/day
Alcohol – #6 drinks vs .6 drinks/2 weeks
Physical activity (vigorous) – $3 h vs ,3 h/week

1.078
0.962
0.687
0.960
1.064
1.130

1.058–1.097
0.728–1.271
0.507–0.931
0.723–1.275
0.772–1.467
0.829–1.539

,0.001
NS
0.017
NS
NS
NS

CI ¼ confidence interval.

change the result (data not shown). A seasonal
variation was found for total and free testosterone
and SHBG (data not shown).
All analyses were performed on individuals with or
without chronic diseases, but as this did not change
the observed variations of sex hormones, only analyses
of the total population are shown.

Discussion
Variations with age
In this large cohort of men from a general population
we found an age-related decrease of total and free
testosterone in men, consistent with the result from
the Massachusetts Male Aging Study (MMAS) (2, 5)
and the Baltimore Longitudinal Study of Aging (4),
and in disagreement with the Rancho Bernardo
Study (3). However, in the Rancho Bernardo men,
an age-associated decline in testosterone was seen

after adjusting for covariates. The decline in testosterone production is suggested to be a normal part of
aging, with reduced testicular activity as well as a
down-regulation of the hypothalamic –pituitary feedback system (17, 18). Because of the age-related
increase of SHBG in our Tromsø men, consistent
with recent studies (2, 4, 5), the age-related reduction
of free testosterone was more prominent compared
with total testosterone.
Sex steroids circulate in serum bound to SHBG and
albumin and as free steroids. Most investigators believe
that the free and the albumin-bound fractions, the
non-SHBG bound fraction, of circulating hormones
are biologically active. The serum concentration of
SHBG would therefore be a main factor influencing
the biologically active fractions, as there are only
small variations in albumin concentrations in healthy
subjects. Thus, in older men total testosterone is maintained at relatively high levels, compared with free
testosterone.
www.eje.org
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Variations with lifestyle factors
Smoking was positively and significantly associated
with total and free testosterone and SHBG in Tromsø
men, also after adjustment for age, BMI, and other
covariates. However, the effects of cigarette smoking
on testosterone levels in men generally conflict. Total
testosterone has been found to be lower (19), similar
(10) or higher (4, 20 – 23) in healthy male smokers
than in non-smokers. Three studies have reported an
increase of free testosterone in smokers (20, 21, 23).
Bioavailable testosterone and SHBG levels have only
been measured in two of these studies (22, 23); SHBG
was higher in smokers than non-smokers, but no difference in bioavailable testosterone was observed. Thus,
English et al. (23) suggested that the increase in total
testosterone levels was secondary to the raised SHBG
levels; furthermore, SHBG levels but not testosterone
levels were found to correlate with cotinine levels
(a measure of cigarette smoking), indicating that smoking has a greater relative effect on SHBG levels.
However, adjusting for SHBG in our study did not
change the association between testosterone and
smoking, and nor did adjusting for free testosterone
change the association between SHBG and smoking
(data not shown). The relationship between levels of
total and free testosterone, SHBG, and smoking is still
elusive and needs further investigations, perhaps in a
more experimental setting.
Coffee consumption was positively associated with
total testosterone, with or without adjustments for
covariates, and to our knowledge this association has
not previously been described. SHBG levels were positively associated with coffee consumption, probably
explaining the lack of association with free testosterone.
Caffeine intake was positively correlated with bioavailable testosterone in a previous study, but no adjustments for age or BMI were made (3). As SHBG is
produced in the liver, the results suggest a caffeine
effect on hepatic metabolism.
No association was found between total or free
testosterone levels and alcohol consumption or physical
activity or between SHBG and alcohol consumption or
physical activity. Alcohol consumption and physical
activity are not precisely estimated from self-report,
however, and misclassification could have obscured
these associations.

Variation with chronic disease
Total and free testosterone concentrations were lower
in men reporting having had a stroke compared with
men who had not. Our findings are supported by a
recent study finding lower levels of both total and
free testosterone in men suffering acute ischemic
stroke. However, a slight but not significant increase
of hormone levels was noted at the 6-month followup, possibly suggesting in part an acute effect on the
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hypothalamic –pituitary– testicular axis (8). We also
found lower levels of total and free testosterone in
men with cancer, and a higher level of free testosterone
in men with IHD. Thus some diseases seem to have an
effect on testosterone levels, but it must also be taken
into account that being diagnosed with a disease
might lead to changes in lifestyle and risk factors.

Variation with anthropometry
In healthy men, body weight and total fat content have
been observed to increase with advancing age while
free testosterone levels decrease (13). In our study,
BMI was not associated with age, while both total
and free testosterone levels decreased with increasing
BMI. Increased BMI and waist –hip ratio (WHR) are
seen in hypogonadal men (24, 25) and reduced total
testosterone levels have been found in obese young
men (26 –28). Furthermore, low-dose testosterone
administered to hypogonadal men has been found to
have a positive effect on body composition with increasing muscle mass and decreasing fat mass regardless of
cause of hypogonadism (29 – 32), suggesting a dual
relationship between body composition and total and
free testosterone levels. In our analysis BMI was the
most important predictor of total testosterone variation,
and to a lesser degree a predictor of free testosterone.
Low levels of SHBG have been associated with obesity
(26), and weight loss in obese men has normalized
SHBG levels (33). It has been suggested that SHBG
levels probably are related to general metabolic factors.
We found a significant and inverse association between
SHBG and BMI, and in our study BMI was the strongest
predictor of the SHBG variation, as well.

Limitations
Hormone levels were based on a single serum sample,
drawn between 0800 and 1600 h. Preferably, samples
should have been drawn in the morning because of
the diurnal variation of total and free testosterone,
and sample time was associated with both total and
free testosterone, with expected higher levels of testosterone in the morning. However, stratified analysis for
sample time did not change any associations or lack
of associations. Our samples were kept frozen for
approximately 6.5 years at 2 70 8C, and hormone
levels were measured when samples were thawed for
the first time. Levels of steroid hormones have been
shown to be relatively stable in frozen serum for up
to 10 years (34, 35). SHBG has been shown to be
stable in short-term frozen storage (35), but reduced
levels have been reported after longer storage (4). However, this would not be expected to alter the ordinal
associations for observed levels. We did not measure
free testosterone but used calculated values. However,
this calculation was recently evaluated by two different
investigators, and found to be a reliable index of free

www.eje.org

Downloaded from Bioscientifica.com at 01/22/2019 05:03:56PM
via free access

Age, lifestyle factors and testosterone

EUROPEAN JOURNAL OF ENDOCRINOLOGY (2003) 149

testosterone (15, 36). Furthermore, it should be recognized that the results of this study are obtained from
cross-sectional data and do not provide direct evidence
of cause and effect.
In summary, our study confirms an age-related
decline of both total and free testosterone, paralleling
an age-related increase in SHBG. BMI and smoking
are independent contributors to the variation of total
and free testosterone and SHBG levels, and coffee consumption to the variation of total testosterone and
SHBG. Thus, lifestyle factors can have a direct effect
on circulating levels of free endogenous sex hormones
and to total levels due to the effect on SHBG levels, indicating that the effect of lifestyle factors on sex hormones needs to be considered in clinical practice.
However, the impact of age and BMI on the variation
of sex hormones is much more powerful. Furthermore,
in clinical practice today total testosterone is mainly
used for evaluation of potential hypogonadism, but
our data suggest that free testosterone levels could be
a complementary tool in diagnosing hypogonadism.
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