
Introduction

There has been considerable recent interest in
testosterone replacement therapy in men. This interest
has been fuelled by growing scientific and medical
awareness of the negative effects of hypogonadism, to-
gether with media attention regarding hormone re-
placement therapy in older persons, the marketing of
new testosterone preparations, and the increasing de-
sire of middle-aged men to maintain vigor and health
into their more mature years.

Severe male hypogonadism, defined as chronic
androgen deficiency, has a low prevalence but, epi-
demiological studies revealed that the aging process is
paralleled by a progressive decline in free and total
testosterone levels (1). In addition to physiological ag-
ing, the comorbidities occurring in older age and the
several medications used to treat them further con-
tribute to lower circulating testosterone levels. Despite
the publication of several studies examining the po-
tential beneficial effects of testosterone on multiple

aspect of the aging process and although reports indi-
cate that testosterone replacement therapy may pro-
duce a wide range of benefits for hypogonadal men
that include improvement in libido, bone density,
muscle mass body composition, mood, erythropoiesis,
and cognition, considerable controversy remains re-
garding indications for testosterone therapy in aging
men (2). Major concerns have arisen because testos-
terone is not a ‘risk-free’ treatment and literature lacks
the publication of properly designed, controlled trials
enrolling thousand of patients to evaluate effects and
safety of long-term treatment.

Testosterone and lipid metabolism

The observation that men have higher incidence
of cardiovascular events than women raised the hy-
pothesis that higher testosterone levels may represent
an etiologic factor in atherosclerosis and coronary
heart disease (3). Indeed, there are consistent differ-
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ences in lipid profile between sex, which can poten-
tially contribute to sex-related differences in cardio-
vascular risk documented in epidemiological studies.
An unfavourable lipid profile, characterized by an in-
crease in total plasma cholesterol, Low Density
Lipoprotein-cholesterol (LDL-C) and triglycerides,
and/or High Density Lipoprotein-cholesterol (HDL-
C) reduction, represents a major risk factor for ather-
osclerosis and for cardiovascular events. HDL-C plas-
ma levels decrease in men after puberty and stay low-
er than in women; the latter, on the other hand, have
high HDL-C concentrations during their reproduc-
tive years, with a progressive decline after menopause.
Total cholesterol increases with age in both sexes from
20 to 70 yr: subsequently it decreases in men while
continuously increasing in women. This different be-
haviour may be due to modifications of endogenous
sex-hormones and suggests a negative role for testos-
terone in lipoprotein metabolism (3).

Several mechanisms may explain a pharmacolog-
ical effects of androgen replacement therapy on plas-
ma lipids (4). These effects can be defined as direct or
indirect effects. Indirect effects are due to the meta-
bolic action of estradiol after testosterone aromatiza-
tion in adipose tissue. Two genes involved in HDL ca-
tabolism are upregulated by testosterone: namely, he-
patic lipase and scavenger receptor B1 (SR-B1). SR-
B1 mediates the selective uptake of HDL-C lipids in-
to hepatocytes and steroidogenic cells, including Ser-
toli and Leydig cells of the testes, as well as cholesterol
efflux from peripheral cells, including macrophages.
Testosterone up-regulates SR-B1 in human hepato-
cytes and in macrophages, thereby stimulating selec-
tive cholesterol uptake and efflux, respectively. Hepat-
ic lipase hydrolyzes phospholipids on HDL surface,
facilitating the selective uptake of HDL lipids by SR-
B1. The activity of hepatic lipase is increased after ad-
ministration of exogenous testosterone. The increases
in both SR-B1 and hepatic lipase activities are consis-
tent with the reported HDL-C lowering effect of
testosterone. The activity of hepatic lipase enzyme is
inhibited by estrogen and this mechanism might ex-
plain why serum HDL-C levels are lower in men than
in premenopausal women (5). Finally, testosterone ad-
ministration results in increased lipolysis by
adipocytes and stimulation of androgen receptors (6).

Exogenous testosterone is aromatized in vivo to estra-
diol, which plays a key role in maintaining HDL con-
centrations among men. The beneficial effect on
LDLs is perhaps the result of an increase in estradiol
concentration after aromatization of androgen in the
adipocytes. Estrogen stimulates LDL receptor expres-
sion and therefore its clearance. This hypothesis is in-
directly supported by the observations that aromatiz-
able androgen (testosterone) has less detrimental ef-
fects on serum lipids than non-aromatizable androgen
(dihydrotestosterone).

Effect of testosterone replacement therapy on serum
lipid profile

Data from early intervention studies suggest that
androgens can increase LDLs and/or decrease HDLs,
with negative effects on the global cardiovascular risk
profile. These effects were found after administration
of different hormone preparations at supraphysiologi-
cal doses in individuals with different characteristics
(healthy volunteers, body-builders, transsexuals, young
and old hypogonadic patients); however most of these
trials were neither controlled nor randomized and
were of short duration (7-9). A positive effect of
testosterone enanthate (200 mg im every 2 weeks) on
the lipid profile, showing a reduction in total and
LDL-C, and no change in HDL-C and HDL sub-
fractions, has been reported in a non-controlled trial,
on a sample of geriatric and pre-geriatric hypogonadic
patients (10). Some randomized controlled trials on
the efficacy of testosterone substitution in the elderly
considered changes in lipid levels among their out-
comes: they must be taken cautiously since the inves-
tigational groups are of small size and were followed
for a short time. Sih et al. (11) could find no change
in the lipid pattern after 1 yr treatment with intra-
muscolar testosterone cypionate (16 men >50 yr vs 16
control subjects). Parenteral testosterone enanthate
significantly decreased both serum total cholesterol
and LDL-C while HDL-C and triglycerides re-
mained unchanged (12, 13). Another trial confirmed
these results after treatment with testosterone unde-
canoate per os (14). Also transdermal testosterone
treatment does not seem to have unequivocal effects
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on plasma lipoprotein concentration. Kenny et al. (15)
treated 67 hypogonadal old men with testosterone
patches or placebo for 1 yr: total cholesterol, triglyc-
eride, and LDL-C levels did not significantly change,
whereas HDL-C and, specifically, HDL2-C de-
creased in men receiving testosterone supplementa-
tion. Ly et al. (16), however, reported only a reduction
in total cholesterol and LDL-C after 3-month treat-
ment with transdermal dihydrotestosterone while
Snyder et al. found that, among 108 healthy men >65
yr of age with low serum testosterone, those assigned
to testosterone transdermally for 36 months did not
have any modification of total cholesterol, LDL-C,
HDL-C, ApoA1, ApoB and lipoprotein(a) (Lp[a])
plasma levels (17).

On the whole the results of these particular stud-
ies on the effects of testosterone replacement therapy
on lipids profile are conflicting and of difficult inter-
pretation because of the limited number of enrolled
older men, the small sample size of the studies, differ-
ent inclusion criteria, and different study design. In
order to overcome this methodological limitations
three significant meta-analysis have been published in
the last few years (Table 1).

In the first one, published in 2001, Whitsel and
colleagues (18) analyzed 19 studies that focused on
male subjects with hypogonadism and treated with
intramuscular testosterone ester. They found that in-
tramuscular administration of testosterone esters was

associated with a small, dose-dependent decrease in
HDL-C and also in total cholesterol and LDL-C.
Of the 19 studies included in the meta-analysis,
however, only 3 were specifically focused on older
subjects. Isidori and colleagues (19) analyzed the ef-
fect of testosterone replacement therapy on total cho-
lesterol, LDL-C and HDL-C as a function of pre-
treatment gonadal status. Overall, the pooled analy-
sis of 16 different trails demonstrated a mean reduc-
tion of 8.9 mg/dl (95% C.I. -14.4 to -3.9) of total
cholesterol. The effect of testosterone on serum total
cholesterol however, were more pronounced in hy-
pogonadal men (baseline testosterone < 286 ng/dl;
mean difference; –16 mg/dl, CI: –25.4 to –7.4
mg/dl), than in eugonadal men (mean difference –5.5
mg/dl, CI: –11.7 to 1.2 mg/dl). With regard to
HDL-C, a small reduction (mean difference -3.5
mg/dl, CI: –6.6 to 0.0 mg/dl) was observed in the
group of studies performed in men with higher base-
line testosterone concentrations. HDL-C reduction,
corresponding roughly to a 4–6% reduction in base-
line levels, was of borderline statistical significance.
Nevertheless, in the overall analysis where data from
men with low and normal baseline testosterone levels
were pooled, HDL-C reduction was minimal and
not statistically significant. Additional sensitivity
analysis suggested that HDL-C modification may by
affected by treatment preparation. Indeed, the de-
crease in HDL-cholesterol was lower in the studies

Table 1. Effect of testosterone replacement therapy on lipid fractions: results of published meta-analyses 

Total Cholesterol LDL-Cholesterol HDL-Cholesterol
N of MD 95% C.I. N of MD 95% C.I. N of MD 95% C.I.
RCT RCT RCT

Whitsel et al (2001) 3/19 -12 mg/dl -22 to -2 3/19 -8 mg/dl -21 to 5 3/19 -4 mg/dl -6 to -2

Isidori et al. (2005) 
Low testosterone 4/7 –16.2 mg/dl –25.1 to –7.3 2/3 -12.8 mg/dl -31.2 to 5.5 3/5 0.39 mg/dl -1.9 to 7.0 
Normal testosterone 7/9 –5.4 mg/dl –11.6 to 1.2 6/8 0.8 mg/dl -5,9 to 7.0 6/8 -3.5 mg/dl -6.63 to 0.0 

SMD 95% C.I. SMD 95% C.I. SMD 95% C.I.

Haddad et al (2007)
Low testosterone 3/5 -0.22 -0.71 to 0.27 3/3 0.06 -0.30 to 0.42 3/4 -0.04 -0.39 to 0.30
Low-normal/normal 6/8 -0.47 -0.77 to -0.17 5/8 -0.25 -0.57 to 0.08 5/8 -0.21 -0.43 to 0.01
testosterone

N of RCT: number of trials enrolling older patients out of the total number of trials
MD: mean difference; SMD: standardized mean difference
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using T-esters with respect to other formulations. Fi-
nally, testosterone had no effect on LDL-C plasma
concentration. In a more recent meta-analysis of ran-
domized placebo-controlled trials, Haddad and col-
leagues (20) evaluated the effect of testosterone re-
placement therapy on the main serum lipid fractions
as a function of baseline testosterone levels and co-
morbidity status. Table 1 show nonsignificant effects
of testosterone preparations on all lipid fractions in
men with low testosterone levels. Although impor-
tant between-study differences regarding total cho-
lesterol were found, these data excluded unfavourable
elevations in total cholesterol levels of more than 9
mg/dl, in LDL-C levels of more than 14 mg/dl, and
also exclude unfavourable reductions in HDL-C lev-
els of greater than 5 mg/dl. In men with low-normal
or normal pre-treatment testosterone levels testos-
terone significantly reduced total cholesterol levels by
16 mg/dl (95% confidence interval, 6-26 mg/dl); all
other lipid fractions were not significantly affected.
Globally taken the results of this meta-analysis sug-
gest minimal and clinically negligible effects of
testosterone use on lipid fractions in men with differ-
ent degrees of androgen deficiency.

Conclusions

Strong methodological limitations affect the inter-
pretation of the findings of studies exploring the effect
of testosterone replacement therapy on lipid fractions in
older men. These limitations include the small number
of studies dedicated to older men and number of older
subjects enrolled in these studies, the lack of studies
with lipid profile as primary outcome of the trail, and a
great degree of heterogeneity in studies’ results. How-
ever published studies suggest that testosterone replace-
ment therapy might decrease LDL-C without adverse-
ly affecting HDL cholesterol, particularly in men with
sever pre-treatment hypogonadism. These findings
provide a measure of reassurance concerning potential
adverse heart effects of testosterone substitutional ther-
apy in older men, even if more specific trials than re-
ported are needed to definitively rule out potential ad-
verse effects on lipid metabolism and, more important,
on the global cardiovascular risk profile.
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