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ABSTRACT 
A im: This meta-analy sis investigat es the association between t est ost erone replac ement therapy 
[TRT] and carotid artery atherosclerosis. M etho ds: 3 databases were searched for studies up to June 
2023 per the PRISMA guidelines. The eligibility cr iter ia compr ised RCTs and observ a tional studies 
in volving h ypogonadal males receiving exogenous t est ost er one, in which CIM T was assessed . CAA 

was the primary out c ome, whereas sec ondary out c omes included HDL, LDL, CRP, t otal cholest erol 
and t otal t est ost erone. The statistical analy sis was performed using Review Manager. Results: 
Statistical analysis r ev ealed no association betw een TRT and assessed out c omes. There was a 
significant increase in total testosterone levels, depicting indirect an ti-a therosclerotic effects of TRT. 
Conclusion: Meta-analy sis show s no r elation betw een TRT and CIM T or other markers, allowing its 
safe usage for hypogonadal males. 
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. Background 

 ardio vascular diseases, particularly ather oscler osis,
 emain a notew orthy w orldwide health c onc ern, ac c ount-
ng for a considerable portion of morbidity and mortal-
ty [ 1 ]. Carotid artery atherosclerosis [CAA] involves the
arrowing and hardening of the carotid arteries, which
upply oxygen-rich blood to the brain [ 2 ]. This condition
s a cr itical r isk factor for ischemic stroke, a potentially
ife-thr eatening ev ent [ 3 ] and ac c ounts for 25.4% of men
nd 26.4% of women suffering worldwide [ 4 ]. Carotid

ntima-Media Thickness [CIMT] is the gold standard for
ssessing the incidence and pr ogr ession of CAA. 

Test ost er one r eplacement therapy [TRT] inv olv es the
dministration of exogenous t est ost erone t o individuals
ith low t est ost er one lev els, often r eferr ed to as hypog-
nadism [ 5 , 6 ], and ther efor e, has emerged as a poten-

ial in terven tion to manage certain medical conditions,
ncluding hypogonadism [ 5 ]. 

Hypogonadism is a clinical condition characterized by
nsufficient t est ost er one pr oduction [ 7 ]. It can occur due
o various reasons, including age-related decline, genetic
actors and certain medical conditions affecting the testes
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or pituitary gland [ 8 ]. The symptoms of hypogonadism
can vary widely and may include reduced libido, erectile
dysfunction, fatigue, mood changes and decreased mus-
cle mass [ 7 , 8 ]. When diagnosed with hypogonadism and
aft er c onsider ing other under lying medical conditions,
TRT is prescribed to raise testosterone levels to the nor-
mal range [ 5 , 7 ]. 

TRT exerts its effects through various mechanisms, pri-
marily by increasing t est ost erone levels in the body [ 6 ].
Test ost erone play s a crucial role in maintaining the devel-
opment and function of male r epr oductiv e tissues [ 5 ],
but it also extends beyond reproduc tion. It impac ts bone
density, muscle mass, fat distribution, mood regulation
and c og nitive function [ 9–13 ]. Consequently, TRT aims t o
r estor e hormonal balance, potentially impr oving mood ,
energy levels, sexual function and overall quality of life in
affected individuals. 

How ev er, ther e hav e been r eserv a tions about the
mainstream use of TRT due to its potential side effects
t oo. In rec ent times, FDA shut down some TRT programs
with r efer ences that it has been shown to decrease male
fertility, increase hematocrit and induce hepatic derange-
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ents, edema [sodium and water retention], gynecomas-
ia, sleep apnea and hypercalcemia [ 14 ]. However, the
ata supporting whether TRT has adverse cardiovascular
ffects is inconclusive. 

Ov er the y ears, ther e has been a growing interest
n investigating whether TRT could substantially impact
ar otid ather oscler osis. Some studies hav e suggested
oten tial cardiov ascular benefits, such as impr ov ed lipid
r ofiles, r educed insulin resistance and decreased inflam-
a tory markers [ 12 , 15 ]. Da ta on indirect markers such

s lipids has been inc orporat ed as a secondary outcome
 esulting fr om the initial search strategy. The authors rec-
gnize the existence of numerous larger studies focused
n these indirect markers; however, a comprehensive
nalysis and discussion of these studies are considered
eyond the intended scope of the article. How ev er, con-
erns have also been raised regarding the carotid-specific
isks associated with TRT, including an increased risk
f strokes and other adverse cardiov ascular even ts [ 16 ].
ence, the cardiovascular effects of TRT, particularly
ar otid ather oscler osis, warrant a compr ehensiv e evalu-
tion to guide clinical decision-making. 

Sev eral meta-analyses hav e pr eviously explor ed the
ffects of TRT on different aspects of health, including car-
iovascular out c omes [ 17 , 18 ]. These analy ses hav e pr o-
ided v aluable insigh ts in t o TRT’s pot ential benefits and
isks, but r esults hav e not always been c onsist ent and
ome studies have reported conflicting findings. While
ome have shown decrease in cardiovascular biomark-
rs with the use of TRT [ 19 , 20 ], some have established
 nega tive associa tion of CVS out c omes and TRT using
bserv a tional studies [ 21–23 ]. While others have found
o such association [ 24 ]. This demands a study which sta-

istically ev alua t es multiple reports and draw c oherent
onclusions. Furthermore, no such studies directly mea-
ure the risk of developing carotid artery atherosclerosis
sing the clinical marker of CIMT. 

Ther efor e, conducting a compr ehensiv e meta-analysis
ocusing specifically on the relationship bet ween TR T and
AA r egar ding ather oscler otic risk markers, particularly
IM T, becomes imperativ e. This meta-analy sis aims t o
yn thesize and ev alua te existing r esear ch on the sub-
ect, shedding light on the association bet ween TR T and
ar otid ather oscler osis and whether TRT c ould pot entially
 ontribut e t o the reg ression or stabilization of carotid
ther oscler osis thr ough its impact on cardiovascular risk
actors, inflammation and lipid metabolism. 

Understanding the potential effects of TRT on cardio-
ascular health is essential for healthcare practitioners
o make informed decisions when considering TRT for
a tien ts with hypogonadism. The findings of this study
a y pa ve the wa y for a deeper understanding of TRT’s role

n managing cardiovascular risk factors and, in turn, con-
tribut e t o the advanc ement of patient care and manage-
men t stra t eg ies f or individuals with h ypogonadism. 

2. M etho ds 

2.1. Data sources & search strategy 

This meta-analysis was conducted in conformity with
PRISMA guidelines [ 25 ]. The articles were searched
thr ough PubMed , C ochrane and MEDLINE databases . The
search strategy included articles up to June 2023. A
detailed search strategy is given in Supplementary Table
S1 . 

2.2. Stud y sele ction & eligibility criteria 

Articles select ed aft er the sy st ematic sear ch w er e mov ed
t o EndNot e Referenc e Library Software. All the dupli-
cates w er e r emov ed while the r emaining r esear ch articles
w er e first scr eened based on title and abstr act. After nar -
ro wing do wn the studies through initial screening, fur-
ther screening occurred by going through the full text
to assess the relevance of the studies to the topic of our
meta-analysis. Articles w er e scr eened independently by
TWO r eview ers [A.I. and S.H.H.]. Any discrepancies were
r esolv ed by discussion till consensus. 

The inclusion cr iter ion for the studies in our meta-
analysis was based on randomized control trials and
observ a tional studies with follow-up for at least 16 weeks,
a population of males with hypogonadism, studies in
which TRT was compared with Placebo, studies in which
change in CIMT was reported as it is the most rele-
v an t marker indicating carotid ather oscler otic changes.
Whereas all the studies in which CIMT was not men-
tioned as an out c ome t o assess for TRT, all case series, case
repor ts and ar ticles in languages other than English w er e
excluded. 

2.3. Outcomes of interest, data extraction, & quality
assessment 

The primary out c ome that was assessed in our meta-
analysis was CAA, whereas the secondary outcomes
included generalized ather oscler osis, fatigue, endothelial
dysfunction, v ascular pa thologies, stroke, mortality and
syncope, 

The important and relevant data, such as base-
line demog raphics, out c ome data and safety from the
selected studies, w er e ex trac t ed int o an Exc el spread-
sheet . After that , the Cochrane Risk of Bias Tool [ 26 ] and
the Newcastle and Ottawa Scale were used to assess the
quality of the studies selected . Tw o r eview ers [A.I. and
S.H.H.] independently c onduct ed quality assessment and
the discrepancies were resolved via discussion. 
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.4. St atistical analy sis 

eview Manager [RevMan version 5.3; Copenhagen: The
ordic Cochrane Centre, The Cochrane Collaboration,
014] was used for all the statistical analyses. A random-
ffects model was selected to account for the expected
igh heterogeneity in the study designs and certain out-
omes of our analysis. A 95% confidence in terv al mean
ifference assessed the continuous outcomes, subse-
uently assigning the study weights using an inverse vari-
nce method. A p -value of < 0.05 was considered signifi-
ant. 

Since there were three RCTs and one observ a tional
tudy, a subg roup analy sis was also c onduct ed t o assess
he effect of any sub-gr oup differ ences on the data. The χ
 test was used to test for subgroup differences. Further-
or e, w e used the Higgins I 2 statistic to ev alua te the sta-

istical heterogeneity and considered it significant when
t was > 50%. We also c onduct ed the sensitivity analysis
 y emplo ying the leave -one -out analysis to identify the

rial-causing heterogeneity of > 50%. We could not eval-
ate any publication bias visually in funnel plots since the
umber of studies used in this meta-analysis was less than
0. 

. Results 

.1. Study characteristics 

 total of 844 relev an t articles were initially identified
sing the pre-defined search cr iter ia by a primary com-
ut erized lit eratur e sear ch fr om the Cochrane, Pubmed
nd Medline databases. Out of 844 studies, 379 that w er e
uplicates w er e r emov ed . 465 r ecor ds w ent thr ough ini-

ial screening, out of which 416 articles w er e excluded
nd 49 studies w er e selected for full-text screening. After
he full-text screening, 45 studies were removed due to
ither not meeting our direct out c ome or pa tien t inclu-
ion cr iter ia. We selected four studies to be included in
he quan tita tive analysis, as shown in Supplemen tary Fig-
re S1 . All the articles were written in English and met our
re-defined inclusion and out c ome crit eria. 

The four studies included 184 men, 118 of whom
 eceiv ed the TRT tr ea tmen t and w er e taken as a treat-

ent gr oup, wher eas 66 w er e giv en the placebo.
v ersa et al . [ 27 ], Dogan et al . [ 28 ], Mathur et al . [ 29 ]
nd assessed the clinical out c omes at 24 months, 3–
 months and 12 months, r espectiv ely. In contr ast, Fer -
 eira et al . [ 24 ], compar ed the out c omes of the pa tien ts
ewly started on TRT and those being treated for > 1 year.

.2. Pa rticipa nts 

e combined results from four studies that had 184 par-
icipants in total. The mean age of the participants in our
 esear ch was mainly around > 30 years and < 60 years
[mean: 50.125 years]. We included three randomized con-
trolled trials and one observ a tional study for our meta-
analysis. One RCT used Nebido [ 29 ], another [ 27 ], used
Test ost erone Undecanoat e [TU] and the third one [ 28 ]
was given Androgen replacement therapy according to
the Algorithm of Test ost erone T herap y in Adult Men
with Androgen Deficiency Syndromes. All four studies
included hypogonadal males at baseline, but two of
them [ 27 , 29 ] also included other health problems like
metabolic syndrome and angina pectoris at baseline,
r espectiv ely. 

In these studies, pa tien ts w er e giv en differ ent TRT
dosages and assessed ac c ordingly. Pa tien ts from
Mathur et al . w er e giv en a 1000 mg dose, pa tien ts
from Dogan et al. were given a 5 mg dose, whereas
pa tien ts fr om Av ersa et al . w er e giv en a dosage of
1000 mg/12 weeks from week 6 to week 24. Ferreira et al.
w as an observ a tional study; thus, no TRT w as g iven t o
those pa tien ts. 

The baseline characteristics of our test subjects have
been written in Supplementary Table S2 . We analyzed the
combined data from all of these studies to find a relation
bet ween TR T and our out c omes. 

3.3. Intervention & comparison 

All three RCT S c ompared TRT with c ontrol plac ebos,
whereas one observ a tional study [ 24 ] compared individu-
als who had been on TRT for > 1 year and the controls who
had just been diagnosed with hypogonadism and started
TRT. 

3.4. Outcomes & met a-analy sis 

Our meta-analysis included 4 studies in total, out of
which thr ee [Av ersa A, [ 27 ] Dogan BA [ 28 ] and Mathur
A [ 29 ]] w er e randomized control trials [RCTs] and one [Fer-
reira MDA [ 24 ]] was an observational study. Our r esear ch
aimed to study the effects of Test ost er one r eplacement
therapy [TRT] on ather oscler otic markers in hypogonadal
males. Our study’s primary out c ome was t o det ermine
if there is a significant relationship between TRT and
carotid intimal media thickness [CIMT], HDL, LDL, CRP,
t otal cholest erol and t otal t est ost erone. 

3.5. Carotid intimal medial thickness 

We studied carotid intimal media thickness as our pri-
mary out c ome. We c ombined data fr om all four r elev an t
studies, amounting to 184 participants. Our analysis indi-
cated no significant r elation betw een TRT and CIMT, indi-
ca ting tha t it does not play a role in exacerba ting or ini-
tiating carotid artery disease leading to CAA. [95% CI, p-
value = 0.57, Heterogeneity: 97%, Mean Difference: 0.08
[-0.35,0.19]] ( Figure 1 ). Initially, when we combined the
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Mean DifferenceMean Difference
IV, Random, 95% CIYearIV, Random, 95% CIWeightTotalSD SD MeanMean Total

PlaceboTestosterone
Study or Subgroup
1.1.1 RCTs

Subtotal (95% CI)

1.1.2 Observational Studies

Subtotal (95% CI)

Total (95% CI) -0.08 [-0.35, 0.19]100.0%66118

0.03 [-0.07, 0.13]
0.03 [-0.07, 0.13]

30
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30
33
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25.1%
25.1% 2022

Heterogeneity: Tau2 = 0.09; Chi2 = 74.30, df = 2 (P < 0.00001); I2 = 97%
Test for overall effect: Z = 0.64 (P = 0.52)

Mathur A
Aversa A
Doğan BA

0.54
0.8

1.225

0.1
0.16

0.2217

7
40
38
85

0.8
0.977

1.125

0.03
0.15

0.2156

25.4%
24.9%
24.7%
74.9% -0.11 [-0.46, 0.24]

6
10
20

-0.44 [-0.51, -0.36]
0.00 [-0.11, 0.11]
0.10 [-0.02, 0.22]

2009
2010
2015

0.7 0.25 0.67 0.13Ferreira MDA

Heterogeneity: Not applicable
Test for overall effect: Z = 0.61 (P = 0.55)

Heterogeneity: Tau2 = 0.07; Chi2 = 90.33, df = 3 (P < 0.00001); I2 = 97%
Test for overall effect: Z = 0.57 (P = 0.57)
Test for subgroup differences: Chi2 = 0.61, df = 1 (P = 0.44), I2 = 0%

Favours [Testosterone] Favours [Placebo]
-10 -5 50 10

Figure 1. Forest Plot of CIMT. 
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ata from all 4 studies, we found the heterogeneity to
e significant among them. How ev er, the heter ogeneity
ecreased significantly when the studies underwent sen-
itivity analysis, and we elimina ted Ma thur [ 3 ]. [95% CI, p -
alue = 0.21, heterogeneity: 0%, mean difference: 0.04 [-
.02, 0.10]] [ Supplementary Figure S5 ]. We did not find a
ecrease in heterogeneity when any other studies were
 emov ed . The heter ogeneity w as significan t because of

athur [ 29 ] because this study only included a small sam-
le size [13 pa tien ts] and individuals above 60 years who
 er e angina pectoris pa tien ts. 

.6. HDL 

hanges in HDL levels were also studied as an out-
ome of TRT therapy. We combined data from three rel-
v an t pieces of r esear ch, amounting to 171 participants.
ur analysis indicated low heterogeneity and no signif-

can t correla tion bet ween TR T and HDL. T hus, its lo w or
igh level has practically no effect on TRT. [95% CI, p -
alue = 0.19, heterogeneity: 30%, mean difference: 2.19
-1.09, 5.47]] ( Figure 2 ). 

.7. LDL 

e analyzed incr eased LDL lev els as another out c ome of
RT therapy. We ev alua ted LDL increase as an out c ome
f TRT and found low heterogeneity among the studies.

95% CI, p -value = 0.06, heterogeneity: 0%, mean differ-
nce: -12.94 [-26.50, 0.62]]. ( Figure 3 ) Our analysis indi-
ated no significant relationship between increased LDL
evels and TRT. 

.8. CRP 

RP is an acute marker of inflammation. We evaluated the
ffect of TRT therapy on CRP as an out c ome of our study.
o ev alua te the effect of TRT on CRP lev els, w e combined
elev an t da ta from four studies, amounting to 181 par-
ticipants. Our analysis showed low heterogeneity among
studies and no effect of TRT on CRP levels. [95% CI, p -
value = 0.45, heterogeneity: 0%, mean difference: -0.01
[-0.07,0.04]] ( Figure 4 ). 

3.9. Total cholesterol 

Our meta-analysis conclusively ev alua ted the relationship
betw een incr eased t otal cholest er ol lev els and TRT. We
first combined three studies comprising 121 pa tien ts and
found the results to have high heterogeneity [95% CI, p -
value = 0.78, heterogeneity: 91% and mean difference:
6.0[-36.02, 48.02]] ( Figure 5 ). In order to remove the het-
er ogeneity, w e performed a sensitivity analysis. When we
r emov ed Av ersa [ 27 ], our heter ogeneity w as insignifican t.
How ev er, such was not the case when any other study
was r emov ed . [95% CI, p -value = 0.16, heter ogeneity: 0%,
mean difference: -12.72 [-30.40,4.960] ( Supplementary
Figure S6 ). The reason the heterogeneity was high due to
Aversa [ 27 ], is that the patient population had metabolic
syndrome and Type 2 diabetes mellitus and w er e fol-
lowed up within the course of 24 months. 

3.10. Total t est ost erone 

In our meta-analysis, we ev alua ted the effect of TRT
on t otal t est ost er one. Ther e w as a significan t rela tion
betw een incr eased t otal t est ost er one lev els with TRT. We
first combined all four of the studies with a total of 184
participants. We analyzed the data and found results with
a high heterogeneity. [95% CI, p -value = 0.14, hetero-
geneity: 99%, mean difference: 5.92 [-1.87, 13.70]] ( Figure
6 ). 

A sensitivity analysis was performed in order to r emov e
the heterogeneity. The heterogeneity was found to be
insignificant when Aversa et al. was removed [95% CI, p -
value = < 0.00001, heterogeneity: 15%, mean difference:
9.65 [8.19, 11.10]] ( Supplementary Figure S7 ). Our anal-
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Figure 2. Forest Plot of HDL. 
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 sis indicat ed a sig nifican t p -v alue, dir ectly corr elating
igh t est ost er one lev els in pa tien ts trea ted with TRT. The

eason the heterogeneity was high due to Aversa [ 27 ] is
ha t the pa tien t popula tion had metabolic syndrome and
ype 2 diabetes mellitus and w er e follow ed up within the

ourse of 24 months. 
3.11. Sub group a nalysis 

Since the study designs w er e differ en t in na tur e, w e
divided them into subgroups consisting of 3 RCTs and one
observ a tional study. It should be noted that the subgroup
analysis had no effect on the results, and the subgroup
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ifferences in the outcomes w er e insignificant. The sub-
r oup differ ences for CIM T ar e p = 0.82, HDL is p = 0.09,
DL is p = 0.88, CRP is p = 0.30, total cholesterol is p = 0.75
nd total testosterone is p = 0.17. These differences are

nsignificant and thus w er e not found to modify the TRT
esults on our data’s ather oscler otic markers. 

.12. Sa fet y 

 he o verall pool of pa tien ts found tha t the risk of t est os-
er one r eplacement therapy for ather oscler otic markers
s minimal to none. We found out that there was mini-

al risk of CIMT with TRT [95% CI, p -value = 0.21, hetero-
eneity: 0%, mean difference: 0.04 [-0.02, 0.10]], as well
s other ather oscler otic markers such as HDL [95% CI, p -
alue = 0.19, heterogeneity: 30%, mean difference: 2.19
-1.09, 5.47]], LDL [95% CI, p -value = 0.06, Heterogeneity:
%, Mean difference: -12.94 [-26.50, 0.62]], CRP [95% CI,
 -value = 0.45, heterogeneity: 0%, mean difference: -0.01

-0.07,0.04]], and t otal cholest erol [95% CI, p -value = 0.16,
eter ogeneity: 0%, mean differ ence: -12.72 [-30.40,4.960].
In fact, we found total testosterone to be increased [95%
CI, p -value = < 0.00001, heterogeneity: 15%, mean dif-
ference: 9.65 [8.19, 11.10]] because of TRT and thus con-
tributing to an ti-a ther oscler otic effects of t est ost erone on
the body. 

3.13. Risk bias 

We car r ied out Cochrane’s r isk of bias assessment on the
trials; they generally had a low risk of bias. The studies that
we used for our meta-analysis were well-reported. While
ther e w er e some unclear risks of bias in Mathur et al. and
Aversa et al., and some high risks of bias in Dogan et al.,
such as the unclear random sequence generation and the
allocation c onc ealment, all the studies generally had a
low risk of bias in all the other aspects ( Figures 2 , 3 ). 

We used the New Castle Ottawa Quality Assessment
Scale to assess risk bias for our observ a tional study.
( Figure 4 ) We found that the case definition was adequate
with independen t v alida tion and w as r epr esen ta tive of
the community in which the study was c onduct ed. The



FUTURE SCIENCE OA 7 

c  

e  

h  

t  

T  

t  

s

4

T  

h  

b  

T  

e  

a  

c  

c  

t  

s  

C  

fi  

M  

L  

h
 

l  

s  

t  

J  

i  

r  

t  

p  

t  

p  

M  

s  

o  

1  

l  

t  

t  

r  

l  

M  

t  

C
 

O  

C  

C  

i  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ontrol g roup was select ed from the same database as the
xposed group. The definition of the contr ol gr oup was
aving no history of the disease, and the comparability of

he study was adjusted for age and duration of receiving
RT. It was ascertained that the exposed group received
he trea tmen t, and the same methods w er e used at the
ame rate to ascertain the exposed and control groups. 

. Discussion 

he primary objective of this r esear ch, inv olving 184
ypogonadal males, was to evaluate the relationship
etw een Car otid Artery Intima Thickness [CIMT] and
est ost erone Replac ement T herap y [TRT] and their
ffects on ov erall ather oscler osis risk. CIM T is consider ed
 relev an t marker for assessing car otid ather oscler otic
hanges and understanding its association with TRT is
ritical for CVS health. Our study investigated this rela-
ionship by analyzing data from a collection of relev an t
tudies, r ev ealing no significant association between
IMT and TRT, paving the way for safe usage by con-
rming no major side effects on carotid artery health.
or eov er, our study ev alua t ed paramet ers such as HDL,

DL, CRP and cholesterol levels alongside CIMT, which
as not been done in previous meta-analyses. 

These findings elicit TRT’s impact on CAA and high-
ight other factors influencing ather oscler otic pr ogr es-
ion. Sev eral pr evious studies hav e explor ed the effects of
 est ost er one on ather oscler osis. A r eview published in the
ournal of the American Heart Association [JAMA] exper-
mentally showed how t est ost erone inhibits atheroscle-
otic plaque formation – which might indicate a poten-
ial pr otectiv e effect of t est ost er one in ather oscler otic
a tien ts [ 19 ]. Da ta also expresses a negative associa-

ion between t est ost erone and CVS risk [ 21 ]. A study
ublished in Journal of Clinical Endocrinology and
etabolism [JCEM] by Mohler et al., experimentally

how ed r eduction in cardiovascular biomarkers in hypog-
nadal pa tien ts on who t est ost erone gel was used for
2 months to keep the hormone levels in the physio-

ogical range [ 20 ]. The study showed significant reduc-
ion in serum cholester ol , HDLs, LDLs from baseline to
he end of 12th month. Mor eov er, a small but notable
eduction in insulin resistance was also observed as base-
ine insulin lev els decr eased in these pa tien ts. Findings by

ohler et al ., ar e in ac c ordanc e with ours where our statis-
ical findings show decrease in CIMT, a strong marker for
AA, in pa tien ts undergoing TRT. 

Similarly, Cor ona et al . [ 22 ], Giovanni et al . [ 23 ] and
skui et al. [ 30 ]. all investigated the impact of TRT on
VS out c omes and report ed a sig nificant reduction in
VS events. In comparison, a recent study published

n the Lanc et report ed no impact of TRT on CVS out-
comes [ 31 ]. Further more, tr ials included in our meta-
analysis by Mathur et al., Dogan et al. and Aversa et al.
reported a significan t associa tion between TRT and a
r eduction in CIM T [ 27–29 ]. These v aria tions in results
acr oss differ ent meta-analyses emphasize the complexi-
ties inv olv ed in assessing the effects of TRT on CVS health
and underscore the importance of considering specific
out c omes in future studies. 

Our analysis showed no indication betw een CIM T and
TRT, suggesting TRT has no effect on the incidence or pro-
gression of CAA. This finding makes it evident that the
pa tien t popula tion can safely use TRT without any side
effects on carotid artery health. Similar results have also
been reported in a study, further supporting our find-
ings [ 24 ]. How ev er, the association of TRT with CAA is a
complex one, especially the long-term effects of the treat-
ment on hypogonadal males. This is fur ther suppor ted by
an on-going clinical trial which is set to ev alua te the long-
term effects of testoster one r eplacement therapy on the
cardiovascular sy st em of men with hypogonadism [TRA-
VERSE] study. This study will undertake 6000 subjects and
will ev alua t e the CVS out c omes for next 5 years. After the
publication of the findings, more light will be shed on this
complex phenomenon. 

We also found no significant association between TRT
and high-density lipoprotein [HDL] levels or low-density
lipopr otein [LDL] lev els, wher e the mentioned parame-
ters w er e ev alua ted as an outcome of the study. As per
our findings, the potential risk of developing dyslipidemia
and related disorders with the clinical use of TRT can be
ruled out. Conditions such as heart attack, stroke, CAA,
DMT2 and peripheral polyneuropathy are all linked with
low HDL or high LDL levels in the body [ 32–34 ]. Our results
contrast with a study by Zitzmann et al., which found
that TRT can lower HDL-cholesterol levels, raising con-
cerns about TRT’s ov erall negativ e metabolic impact [ 35 ].
In contrast, a study by Debing et al. seconded our findings
by deducing that TRT might reduce total cholesterol lev-
els but may not significantly affect HDL or LDL cholesterol
levels [ 36 ]. Another key finding from our analysis showed
that there is no link between TRT and t otal cholest erol lev-
els. This association is in stark contrast with many reports
in literature . For example , a meta-analysis published by
Kim et al . show ed a negativ e association betw een serum
cholesterol and testosterone [ 37 ]. 

All these findings supported by published literature
indicates how the use of TRT may pr ov e beneficial in
males with t est ost erone deficiency, especially those suf-
f ering from h ypogonadism. Recently guidelines by Ital-
ian Society of Andrology and Sexual Medicine [SIAMS]
as well as the Italian Society of Endocrinology [SIE] pub-
lished in 2022, recommends the use of TRT to all the
symptoma tic pa tien ts of hypogonadism after exclusion
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f other possible con traindica tions have been met [ 38 ].
or eov er, Society of Endocrinology also suggests the

se of t est ost erone transdermal gel or t est ost erone intra-
uscular injections for con tainmen t of hyperlipidemic

ffects of congenital and acquired hypogonadal condi-
ions including but not limited to adrenal hypoplasia
ongenita, Pr ader -Willi, Bardet -Biedl syndrome, Klinefel-
er syndrome and cryptorchidism [ 39 ]. Hence, our find-
ngs are coherent with these guidelines as the result show
he use of TRT has no role in the pr ogr ession of these dis-
ases and , ther efor e, can be safely used by hypogonadal
ales. 
TRT does not lead to a significant increase in C-r eactiv e

r otein [CRP] lev els, indica ting tha t TRT may not substan-
ially affect inflammation, which may lead to CAA. These
ndings negate the claims that using TRT might lead to
 pr o-ather oscler otic state. Ther efor e, ac c ording t o our
ata, TRT can be safely used in hypogonadal pa tien ts who
r e obese, hav e DM T2, or smoke – conditions that are all
ssociated with a high CRP level in the body without fur-
her exacerbating the pro-inflammat ory stat e. A study by
kogastierna et al. also c onc edes with our findings that
RT has no effect on CRP levels [ 40 ]. 

Nonetheless, it is important to note that TRT had a
ignificant effect on increasing total testosterone lev-
ls. Hence, pa tien ts, especially those with hypogonadism,
an greatly benefit from the clinical use of TRT. Recent
ta tistics indica te tha t by the y ear 2030, appr oximately
6.47% of the global popula tion, equa ting to an esti-
ated 1.4 billion individuals, will be aged 60 years or

lder [ 41 ]. Mor eov er, pr ojections suggest that 578 mil-
ion people, constituting approximately 6.8% of the total
opulation, will be afflicted with Type 2 diabetes mellitus

DMT2] by the same year [ 42 ]. Given the escalating preva-
ence of DMT2 and the aging demographic , testoster one
eplacement therapy [TRT] emerges as a potentially sig-
ifican t in terven tion. Research findings reveal that 56.8%
f individuals diagnosed with hypogonadism concur-

ently exhibit dyslipidemia [ 43 ]. Notably, among those
ith DMT2 as an additional comorbidity, the prevalence
f dyslipidemia stands at 47% [ 44 ]. Furthermore, testos-

erone also has profound an ti-a therosclerotic effects; nor-
al and elev a t ed t est ost er one lev els hav e been found to

ower the risk of stroke [ 45 ]. Whereas low levels of t est os-
 erone c orrespond t o an increased incidence of strokes
n males, showcasing the protec tive effec t of the hor-

one on carotid artery health [ 46 ]. Some cited features of
 est ost erone t o increase bone density improve metabolic

arkers, including better fat distribution, muscle strength
nd mass, impr ov ed sex driv e and sperm pr oduction [ 47–
9 ]. Warranting the use of TRT in clinical practice effec-
ively and holistically while simultaneously eradicating
the myths and hesitations surrounding the use of t est os-
terone in hypogonadal and elderly pa tien ts. 

While our study did highlight a few key points r egar d-
ing the use and manifestation of TRT in important serum
ather oscler otic markers, certain limitations should be
addr essed . One bar r ier that hindered the statistical power
of our findings was the small sample size in all the avail-
able studies. Mor eov er, the studies w e used for meta-
analysis w er e of subcat egories c omprised of RCTs and a
case-con trol study, which migh t hav e pr oduc ed het ero-
geneity in the calculated data. How ev er, to ov er come this,
we performed a subgroup analysis. A key discrepancy we
observed while performing analysis was variation in the
dosages of TRT and follow-up times of patients in each
study. Two studies also featured pa tien ts suffering from
other comorbidities e.g., angina [in Mathur et al.] and
DMT2 [in Aversa et al.], which might have alterations in
serum biomarkers for CAA risk. To mitigate any discrep-
ancy, sensitivity analysis was performed using the leave-
one- out method to ensure the viability of our findings. 

Notwithstanding the limitations, our study possesses
sev eral str engths tha t enhance its v alidity and signifi-
cance. We used a variety of subcategories from the lit-
erature t o enhanc e the inclusivity and compr ehensiv e-
ness of our study. A key highlight of our study was taking
CIMT as a marker for CAA risk – something previous meta-
analyses had not done. CIMT is a more nuanced marker
for the ather oscler otic state of the car otid arteries, as it
has a quantifiable value . Hence , this value was assessed
statistically against TRT usage and r esults w er e drawn
out. In addition to tha t, importan t serum markers such as
HDL, LDL, CRP and t otal cholest er ol lev els w er e ev alua ted
alongside CIMT to enhance the robustness of the study.
An important tool that helped us ov er come our short-
comings was performing sensitivity analysis and quality
assessment on the included studies to ensure the consis-
tency of the findings and the reliability of our results. 

Though the literature on testosterone, TRT usage and
overall C AA r isk is vast, ther e ar e certain gaps in the
studies we found while screening. One avenue for future
investigations could inv olv e exploring the effects of TRT
in eugonadal males. This could provide key insights into
the mechanism of TRT across a more diverse population. 

5. Conclusion 

In essence, our meta-analysis investigated the impact of
TRT on CAA in hypogonadal males. The results show
no significan t associa tion bet ween TR T and CIMT and
other markers, including LDL, HDL, CRP and total choles-
terol; establishing TRT does not lead to or increase
the pr ogr ession of CAA. How ev er, TRT w as associa ted
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ith increased total testosterone levels, showing its anti-
ther oscler otic actions. Our r esear ch shows the poten-
ial benefits of TRT in pa tien ts with hypogonadism, and
t is considered safe in terms of ather oscler otic changes
nd potentially offers protection against it. How ev er, fur-
her studies are needed to explore more of its risks and
enefits. 

Article highlights 

Introduction 
• Cardiovascular diseases, including atherosclerosis, are major global 

health c onc erns, with carotid artery a ther oscler osis (CAA) being a 
critical risk factor for ischemic stroke. 

• Test ost er one r eplacement therap y (TRT) is administ ered t o 
individuals with low testosterone levels (hypogonadism), aiming to 
r estor e hormonal balance and potentially impr ov e various aspects 
of health, including mood, energy levels and sexual function. 

• TRT has been associated with both potential benefits, such as 
impr ov ed lipid profiles and reduced inflammatory markers and 
c onc erns, including adverse cardiovascular events. 

• Conducting a compr ehensiv e meta-analysis focusing on the 
r elationship betw een TRT and CAA, particularly assessing car otid 
intima-media thickness ( CIM T), is crucial for understanding TRT’s 
impact on cardiovascular health and guiding clinical 
decision-making for individuals with hypogonadism. 

Methods 
• Meta-analysis was conducted adhering to PRISMA guidelines, 

utilizing PubMed, Cochrane and MEDLINE databases up to June 
2023. 

• Selection criteria included randomized control trials and 
observational studies with at least 16 weeks follow-up, focusing on 
males with hypogonadism comparing TRT with Placebo, assessing 
CIMT as a marker of carotid atherosclerosis. 

• S tatistical analy sis was performed using Review Manager 5.3, 
employing a random-effects model, subgroup analysis and 
sensitivity analysis to evaluate heterogeneity and potential biases. 

Results 
• The screening of 844 articles resulted in the selection of four 

studies comprising 184 participants, assessing the effects of 
t est ost er one r eplac ement therapy (TRT) on a ther oscler otic markers 
in hypogonadal males. 

• No significant relationship was found between TRT and carotid 
intimal media thickness ( CIM T), HDL, LDL, CRP, or total cholester ol . 
How ev er, TRT significantly increased total testosterone levels. 

• Subgroup analysis showed insignificant differences in outcomes 
between randomized controlled trials (RCTs) and observational 
studies, with overall minimal safety risks associated with TRT 
observ ed acr oss ather oscler otic markers. 

Discussion 
• Study involving 184 hypogonadal males found no significant 

association between CIMT and TRT, indicating safe usage of TRT 
without major side effects on carotid artery health. 

• TRT showed no significant impact on HDL, LDL, CRP, or total 
cholester ol lev els, but significantly incr eased t otal t est ost erone 
levels, potentially benefiting hypogonadal patients. 

• Despite limitations such as small sample sizes and variations in TRT 
dosages and patient comorbidities, the study’s compr ehensiv e 
analysis enhances understanding of TRT’s effects on 
ather oscler osis risk markers. 

Conclusion 
• TRT in hypogonadal males is not associated with pr ogr ession of 

carotid artery atherosclerosis (CAA) but increases total 
t est ost er one lev els, suggesting poten tial an ti-ather oscler otic 
effects. This indicates its safety and potential benefits in 
hypogonadism management. Further r esear ch is r equir ed for a 
compr ehensiv e risk -benefit assessment. 
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