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ABSTRACT:

Background: Epidemiological studies have documented an inverse
relationship between testosterone levels and risk of cardiovascular
disease. The present study aimed to explore the association between
testosterone levels and risk of developing diabetes mellitus from 108
middle-aged men with no history of medical diseases.

Methods: Data regarding the age of subjects, smoking, alcohol
consumption, waist-to-hip ratio, and family history of cardiovascular
disease were collected at the time of inclusion. Testosterone levels
were also measured. 15 years later the medical history of the men
was reviewed to record the development of medical incidents with
references to diabetes mellitus. Two groups of men were identified
based on testosterone levels: hypogonadal (testosterone <12
nmol/L) and eugonadal (testosterone >12 nmol/L).

Results: In total, 10 (9.0%) out of 108 men developed diabetes
during the 15-year follow-up period, of whom 6 (16%) out of 37
and 4 (6%) out of 71 were men in the hypogonadal and eugonadal
cohorts respectively (p=0.08). Using Cox proportional hazards
regression analysis, the adjusted risk for diabetes was significantly
lower in eugonadal men compared to hypogonadal men (adjusted
hazard ratio=0.236; 95% CI=0.062-0.898; P=0.03).
Conclusion: Our results showed a significant increased risk of
diabetes in men with low testosterone levels compared to men with
normal testosterone.

Keywords: Diabetes, Hypertension, Hypogonadism, Eugonadism,
Testosterone.
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Introduction: improvement of glucose metabolism in men with

Low testosterone in men is a result of several
disorders including primary testicular dysfunction,
hypothalamic-pituitary diseases, androgen
deprivation therapy, and the aging process. Men
with low testosterone have decreased muscle bulk,
increased adverse cardiovascular events, and
insulin resistance & diabetes mellitus (DM)
compared to men with normal testosterone. 1.2

The prevalence of DM has increased rapidly in
recent years, 3 with type 2 DM accounting for about
90% of individuals with DM. 45 Known demographic
factors for DM including family history of DM, ¢
socioeconomic disadvantages, 7 and male sex & old
age. 378 DM is a leading cause of cardiovascular
disease. ¢

In a cross-sectional study based on 355 male
patients with type 2 DM aged 32-83 years, 17 %
hade severe hypogonadism (testosterone less than
8 nmol/L), and 25 % with mild hypogonadism
(testosterone 8—12 nmol/L). ' In a similar study
based on 203 male patients with type 2 DM aged
30-86 years, 17 % hade severe hypogonadism
(testosterone less than 8 nmol/L), and 18 % with
mild hypogonadism (testosterone 8—12 nmol/L), 1
indicating an association between DM and
testosterone. However, the nature of those two
studies did not solve the issue of whether low
testosterone observed in diabetic men s
consequence or a contributing factor. In a
population-based prospective cohort study, 54
(5%) out of 1030 men aged 40-70 years develop
diabetes after a mean follow-up period of 9 years.
The risk of developing diabetes was 1.58 for a
decrease of 1 SD in free testosterone (0,14 nmol/L).
However, the number of men with low testosterone
levels at baseline who develop DM was not given.
12 |n a similar study, 57 (8 %) of 702 men aged 42-
60 years develop DM during a follow-up period of
11 years. However, the association between total
testosterone and risk for DM disappeared when
adjusted for age, smoking, alcohol consumption,
history of cardiovascular disease (CVD), waist-to-
hip ratio, systolic blood pressure, concentrations of
insulin; glucose; and triglycerides. '3 In another
longitudinal study, 76 (5 %) out of 1454 men aged
25-84 years developed DM during a followed-up
period of 9 years, thirty-three out of the seventy-
six were men with low baseline testosterone less
than 9.9 nmol/L. However, the number of men with
low testosterone levels who did not develop DM
was not given. '4 Interestingly, testosterone
treatment with intframuscular undecanoate for at
least 8 years prohibited the progression of
prediabetes to type 2 diabetes as well as

testosterone level < 12.1 nmol/L. 15

In an attempt to understand whether low
testosterone observed in men with type 2 DM is a
consequence or a contributing factor for DM, the
present study explored the association between
testosterone and risk for diabetes in a group of
middle-aged men with no history of medical
diseases and not receiving any medications, taken
into consideration different co-variables that could
affect such an association.
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Figure I: Distribution of testosterone according to
the age of subjects.

Methods:

STUDY POPULATION:

This longitudinal, observational study is based on
information from 108 middle-aged (45-60 years)
men from the general population with no history of
medical disease and who were not receiving any
medications 6 months before the date of inclusion in
a study about the association between erectile
dysfunction and risk of cardiovascular disease.
Detailed information about the recruitment and
characteristics of the participants has been
previously published. 16

FOLLOW-UP

The data was collected between 2006 and 2011.
The number of men was as follows: 2006/ 42
(39%), 2007/20 (18%), 2008/12 (11%),
2009/17 (16%), 2010/15 (14%), 2011/2 (2%).
In 2021 the medical information on the men was
reviewed to record the development of DM.

OUTCOME AND VARIABLES:

The outcome of interest was a new DM diagnosis
after the inclusion date. DM diagnosis was defined
as the receipt of outpatient care, including the
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prescription of related medicines. Several potential
co-factors for DM including the age of subjects,
waist-to-hip ratio, smoking, alcohol consumption,
and family history of CVD were considered in
statistical analyses. Waist-to-hip ratio was found to
be superior to BMI in predicting metabolic
syndrome and DM type 2. 1718

LABORATORY MEASUREMENTS:

The subijects included in the study were asked to
deliver a blood sample (5 mL) for analysis of
testosterone. Samples were collected between
07:00 and 10:00 PM and were centrifuged at
1000 g for 10 minutes. After centrifugation, serum
was kept at -80 °C until assay. Serum testosterone
concentrations were measured using the Two-step
competitive method with Electro Chemi Luminiscence
Immunoassay (ECLI) detection technique based on
Ruthenium (Ru) derivatives, with an intra-and
interassay coefficient of variation (CV) of 5%, and
a reference range 5.0-30 nmol/L (Department of
Clinical Chemistry, Malmé University Hospital,
Malmg, Sweden). Different cut-off points for normal
testosterone were used including values > 8 nmol /L,
19 and > 10 nmol/L. 201 |n the present study, we
decided to refer to values > 12 nmol /L. !

The Institutional Review Board Committee at Lund
University of Medical sciences reviewed and
approved the design of the study. Written informed
consent was obtained from each participant. DNR
400/2005.

Statistical analyses:

Statistical analyses were made using the SPSS
software, version 16 (SPSS, Inc; Chicago, IL). Nine
men had testosterone levels < 8.0 nmol/L, and 17
men had testosterone levels < 10 nmol/L, being few
to run adequate statistical analyses. Therefore, we
decided to divide men into two groups: testosterone
< 12 nmol/L (hypogonadal) and testosterone > 12
nmol/L (eugonadal) in order to increase the
statistical power of the study.

Both non-parametric Mann—Whitney U test, and
Fisher’'s exact test were used to evaluate
differences between men who were classified as
being hypogonadal (testosterone < 12 nmol/L),
and those who were classified as being eugonadal
(testosterone > 12 nmol/L) including age of subjects
(years), waist-to-hip ratio, smoking (never,
past/current), alcohol consumption (yes, no), and
family history of CVD (yes, no).

Testosterone and Risk of Diabetes

Cox proportional hazards regression analysis was
used to examine the crude and adjusted hazard
ratios (HR) for DM in the hypogonadal men
(reference) compared with the eugonadal men
during the follow-up period after adjustment for the
age of subjects (continuous years), smoking (never,
past/current), alcohol consumption (yes, no), waist-
to-hip ratio, and family history of CVD (yes, no). A
two-sided P value less than 0.05 was considered
statistically significant.

Results:

The hypogonadal and eugonadal group included
37 and 71 men respectively. Figure 1 showing the
distribution of testosterone according the age of
subjects. The distributions of sociodemographic
characteristics of the hypogonadal and eugonadal
men are presented in Table 1. The hypogonadal
men were relatively older than the eugonadal men
(56 years vs. 55 years, p = 0.03). Waist-to-hip
ratio, smoking, alcohol consumption, and family
history of CVD did not differ significantly between
groups (p > 0.05) (Table I).

In total, 10 (9.0 %) out of 108 men developed
diabetes during the follow-up period, of whom 6
(16 %) of 37 and 4 (6.0 %) of 71 were men in the
hypogonadal and eugonadal men respectively
(Table 1I). Using Cox proportional hazards
regression analysis, the crude HR for DM was 0.32
(95 % ClI = 0.091-1.149, p = 0.08). After
adjustment for the potential co-factors: age of
subjects, waist-to-hip ratio, smoking, alcohol
consumption, and family history of CVD the
adjusted HR for developing DM was 0.24 (95% ClI
= 0.062-0.898; P = 0.03) (Table II).

Discussion:

The present study examined the association
between baseline testosterone levels and the risk of
developing DM in 108 middle-aged men from the
general population with no history of medical
disease. Men with low testosterone levels at
baseline were associated with increased risk of DM
compared to men with normal testosterone at
baseline. Thus, in the adjusted Cox regression
analysis model, the present study found a negative
significant association between baseline
testosterone levels and risk of developing DM. The
probability of developing DM decreased by 76 %
in men with normal testosterone at baseline. Our
results are in line with previous reports, 1214
indicating that men with low testosterone levels are
at increased risk for DM.
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Table 1: Demographic characteristics of the study subjects, stratified by low (< 12 nmol /L)
and normal (> 12 nmol/L) testosterone levels obtained from 108 middle-aged Swedish men
from the general population.

Variables Hypogonadal men Eugonadal men P-value
(Testosterone < 12 nmol /L) (Testosterone > 12 nmol /L)

n=237 n=71
Age (Years) 56 (£4.0) 55 (£4.0) 0.03
Woaist-to-hip ratio 1.02 (+£0.06) 1.16 (£0.06) 0.09
Smokingf
Never 4.0 (11) 19 (27) 0.08
Past/current 33 (89) 52 (73)
Alcohol consumptionf
Yes 30 (81) 59 (83) 1.00
No 6.0 (16) 11(15)
Family history of CVDf
Yes 12 (32) 19 (27) 0.80
No 27 (73) 51(72)

Data are mean (£SD) or number (%). Statistical analyses were performed using the Mann Whitney U test.
Fisher exact testf. CYD = cardiovascular diseases. P values less than 0.05 were considered statistically
significant.

Table ll: Hazard ratios (HR) for diabetes in men with and without normal testosterone obtained from 108
middle-aged Swedish men from the general population who were followed up for 15 years.

Variables Total Hypogonadal men Eugonadal men P-
(Testosterone < 12 nmol /L) (Testosterone > 12 nmol/L) value
n=108 n=37 n=71
n % n % n %
Development of diabetes
Yes 10 9.0 6.0 16 4.0 6.0
Crude HR Reference 0.324 (0.091-1.149) 0.08
Adjusted HR Reference 0.236 (0.062-0.898) 0.03

Both crude and adjusted HR were calculated using Cox proportional hazard regressions. Adjustments were
made for age of subjects (continuous years), waist-to-hip ratio, smoking (never, current/past), alcohol
consumption (yes, no), and family history of CVD (yes, no). A P value less than 0.05 was considered
statistically significant.

Explanations of increased risk of DM in men with
low testosterone including changes in body
composition: increased visceral fat and decreased
skeletal muscle mass often seen in men with low
testosterone, 7 all of which are known risk factors
for DM. 62! |t is estimated that 90 % of diabetic
patients are overweight. 22 Insulin resistance and
insulin deficiency are two major pathophysiological
events that connecting obesity and diabetes. 23
Additionally, excessive visceral fat is a reason for
chronic inflammation, which is known to contribute to
common diseases such as DM. 24 An inverse
relationship was found between testosterone and
inflammatory  markers. 1626 Studies  from
testosterone replacement therapy in hypogonadal
men treated with testosterone replacement therapy
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reported an improvement of inflammatory markers
and glucose levels. 27,28

Hyperlipidemia, characterized by reduced
circulating high-density lipoprotein cholesterol,
elevated circulating low-density lipoprotein
cholesterol, and very low-density lipoprotein

cholesterol, is not only risk factor for cardiovascular
diseases but also for DM.29:30 Hyperlipidemia is also
attributed to insulin resistance and insulin deficiency.
An inverse relationship between testosterone levels
and lipid profile was previously found.1431
Testosterone replacement therapy improves the
lipid profile and reduces insulin resistance and
improves glycemic control in hypogonadal men with
Type 2 diabetes.32
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Type 2 diabetes mellitus was almost 2.5 times as
likely to develop in subjects with hypertension as in
subjects with normal blood pressure. Higher blood
pressure was shown to induce microvascular
dysfunction, which may contribute to the
pathophysiology of diabetes development.33.34
Endothelial dysfunction, which is related to insulin
resistance, is also strongly associated with
hypertension, and biomarkers of endothelial
dysfunction were found to be independent
predictors of Type 2 diabetes.35 Testosterone is
negatively  associated  with  systolic blood
pressure.3¢

Additionally, Maneschi et al investigated the effects
of testosterone treatment on insulin signalling by
analysing the intracellular localization of glucose
uptake and glucose transporter 4 (GLUT4) in animal
study, and found that GLUT4 membrane
translocation was significantly reduced in 32
rabbits treated with a high fat diet compared to 35
rabbits exposed to a regular diet, while it was
preserved in visceral adipose tissue from 19 rabbits
exposed to a high fat diet and treated with
intramuscular injection of testosterone (30 mg/kg,
weekly for 12 weeks),3 indicating a link between
lower testosterone and insulin resistance. Moreover,
treatment with testosterone undecanoate prevented
the progression of prediabetes to type 2 diabetes
and improve glucose metabolism in men at high risk
of, or with newly to type 2 diabetes.?5. 38

The results from studies on the effect of insulin
sensitizing agent (thiazolidinedione, rosiglitazone 8
mg/d) on serum testosterone levels were
controversial. Vierhapper et al observed a
reduction of testosterone levels in ten healthy, non-
obese men aged 21 to 35 years. 39 On the other
hand, Kapoor et al showed an improvement of
testosterone levels in 15 hypogonadal diabetic men
aged 37 to 75 years. 40 The difference between the
two studies could be attributed to the very short

Testosterone and Risk of Diabetes

period of follow up in the first study, being based
on weeks compared to 6 months in the later study.

In contrast, higher testosterone levels associated
with an increased risk for Type 2 diabetes in woman
related to adiposity, reduced insulin-mediated
glucose uptake, and increases lipogenesis. 41, 42

The strength of the study is the extended period of
follow up; data about the blood glucose levels and
glucose tolerance test was accessed in all the ten
men who develop DM later, and all had normal
values. On the other hand, the present study is
based on a small number of participants, and
testosterone concentrations were measured once for
each participant. Moreover, the assessment of DM
was based on data collected from each man’s
medical records (receiving medical care or
prescription of medicines owing to DM), since there
is no screening system for DM; men who probably
had DM but did not develop clinical symptoms
owing to DM were not included, so the results of the
present study should be interpreted with caution.

Conclusions:

Men having normal testosterone levels are
associated with an almost 75 % lower risk of
developing diabetes.
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