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Do statins decrease testosterone in men?
Systematic review and meta-analysis
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ABSTRACT

ARTICLE INFO

Purpose: Statins are one of the most prescribed classes of drugs worldwide to treat hy-
percholesterolemia and dyslipidemia. By lowering the level of cholesterol, the use of statin
could cause a reduction in testosterone levels.

The objective was to evaluate whether the continued use of statins in patients with hyper-
cholesterolemia causes a deficiency in testosterone and other sex hormones.

Materials and Methods: Systematic Review with Meta-analysis, performed in Embase,
Medline and Cochrane databases, until May 2023; PROSPERO CRD42021270424protocol.
Selection performed by two independent authors with subsequent conference in stages.
Methodology based on PRISMA statement. There were selected comparative studies, pro-
spective cohorts (CP), randomized clinical trials (RCT) and cross-sectional studies (CSS)
with comparison of testosterone levels before and after statin administration and between
groups. Bias analysis were evaluated with Cochrane Tool, The Newcastle-Ottawa Scale
(NOS), and using the Assess the Quality of Cross-sectional studies (AXIS) tool.

Results: There were found on MedLine, Embase and Cochrane, after selected comparative
studies, 10CP and 6RCT and 6CSS for the meta-analysis. In the Forrest plot with 6CSS, a cor-
relation between patients with continuous use of statins and a reduction in total testoster-
one was evidenced with a statistically significant reduction of 55.02ng/dL (95%CI=[39.40,70
.64],°=91%,p<0.000071).In the analysis with 5RCT, a reduction in the mean total testosterone
in patients who started continuous statin use was evidenced, with a statistical significance
of 1312ng/dL (95%Cl=[1.16,25.08],1°=0%,p=0.03). Furthermore, the analysis of all prospective
studies with 15 articles showed a statistically significant reduction in the mean total testos-
terone of 9.11 ng/dL (95%Cl=[0.16,18.06],1>=37%,p=0.04). A reduction in total testosterone has
been shown in most studies and in its accumulated analysis after statin use. However, this
decrease was not enough to reach levels below normal.

Conclusion: Statins use causes a decrease in total testosterone, not enough to cause a drop
below the normal range and also determines increase in FSH levels. No differences were
found in LH, Estradiol, SHBG and Free Testosterone analysis.
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INTRODUCTION

Statins are one of the most prescribed medi-
cations worldwide for lowering cholesterol. There-
fore, they are efficient for the primary and secondary
prevention of cardiovascular diseases (CVD) (1, 2).
Because cholesterol is one of the precursors of adre-
nocortical and gonadal hormones, there is a concern
that 3-hydroxy-3-methylglutaryl coenzyme A (HMG-
CoA) reductase inhibitors may impair testosterone
production and other sex hormones (3, 4). This could
lead eventually to hypogonadism in men. Defined as
low levels of total serum testosterone (less than 300
ng / dL) and free testosterone (less than 5 ng / dL)
in combination with clinical symptoms such as low
sex drive, fracture associated with osteoporosis and
erectile dysfunction, or two or more of the follow-
ing symptoms: sleep disturbances, depressed mood,
lethargy, or decreased physical performance (5). The
male hypogonadism can thus affect the function of
multiple organs and the quality of life of patients.

Conflicting evidence on the subject appears
in studies in the medical literature. The study by Ber-
nini GP 1998 evaluated in 8 patients using statins for
24 weeks that there was no change in the testoster-
one level nor the spermogram (6). The Braamskamp
MJ et al. 2015 study evaluated children with familial
hypercholesterolemia for 10 years using any statin
and compared them with siblings who were not us-
ing the medication and found no difference in hor-
mone levels (7). However, in the study by Baspinar O
et al. 2016, a correlation was seen between the fall in
low-density lipoprotein cholesterol levels in patients
using statin with the fall in the levels of total and free
testosterone, in addition to exposing an association
with the impairment of erectile function assessed by
the IIEF-5 questionnaire. Thus, lower cholesterol lev-
els were directly associated with lower testosterone
levels and lower IIEF-5 scores (8). Other studies have
shown indirect signs of significant hormonal chang-
es, with a drop in PSA in patients without prostate
cancer and an increased risk of gynecomastia in men
using statins (9, 10). In the cross-sectional study by
Stanworth RC et al. 2009, it was not correlated the
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decrease in testosterone with signs and symptoms
of hypogonadism, assessed by ADAM questionnaire,
even though it showed a statistically significant re-
duction in total testosterone and SHBG (11).

Due to the contradictory findings in the lit-
erature, the hypothesis of this study is that continu-
ous use of statins may lead to decreased levels of
testosterone and other sex hormones in patients
with hypercholesterolemia, potentially resulting in
hypogonadism. The primary objective is to assess
whether continued use of statins in patients with
hypercholesterolemia causes a decrease in testos-
terone levels. The secondary aim is to evaluate the
hormonal axis, including free testosterone, estradiol,
LH, FSH, and SHBG, with the chronic use of statins.

METHODS
Registration and protocol:

PROSPERO CRD42021270424 protocol regis-
tration

Eligibility criteria

Methodology based on the PRISMA 2020
statement (12). Inclusion criteria: Male patients with
hypercholesterolemia or dyslipidemia or with cardiac
indication for statin use. Intervention: continuous use
of any type of statin such as atorvastatin, fluvastatin,
lovastatin, rosuvastatin, pravastatin and others. In its
various dosages as long as above the established
minimum. Comparison: before and after statin use,
comparison between control or placebo groups.
Outcomes: Hormonal evaluation with total testoster-
one, free testosterone, FSH, LH, Estradiol, SHBG. Use
of a questionnaire to assess sexual function. Study
design: Prospective and retrospective comparative
studies. Among them are randomized clinical trial
(RCT), prospective cohort (PC), cross-sectional study
or ecological study (CSS). Search Period: All articles
published up to the date of the last search. Language:
there was no language restriction. Exclusion Criteria:
Patients under 18 years old. Studies that showed di-
vergence between results and measurement units.
Articles with incompletely displayed results or not
submitted to peer-review journals.
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Information sources

The search was carried out in MEDLINE
through PubMed, Embase and Cochrane Central. The
review was carried out in all databases in May 2023.
Gray searches were carried out by the authors in the
references of the selected articles.

Search strategy

Search strategy performed by author FPAG
and revised by LSL. Strategy performed based on PICO
acronym (patient, intervention, comparison, and out-
come) and study objective using MESH terms. Con-
ducted preliminary search with selection of articles to
improve the search with terms found. After performing
a definitive search. If during the search any article was
found in the gray search that was not included in the
search, the search strategy was updated.

Pubmed search strategy: (Testosterone OR an-
drogen OR hypogonadism OR gonadotropin OR Gonad-
al Steroid Hormones OR Sex Hormone OR Sex Steroid
Hormones) AND (CS-514 OR statin OR simvastatin OR
atorvastatin OR fluvastatin OR lovastatin OR rosuvas-
tatin OR pravastatin OR 3-hydroxy- methylglutaryl-CoA
reductase).

Cochrane search strategy: (Testosterone OR
androgen OR hypogonadism OR gonadotropin OR
Gonadal Steroid Hormones OR Sex Hormone OR Sex
Steroid Hormones) AND (CS-514 OR statin OR simvas-
tatin OR atorvastatin OR fluvastatin OR lovastatin OR
rosuvastatin OR pravastatin OR 3-hydroxy- methylglu-
taryl-CoA reductase).

Embase search strategy: (Testosterone OR an-
drogen OR hypogonadism OR gonadotropin OR Gonad-
al Steroid Hormones OR Sex Hormone OR Sex Steroid
Hormones) in Title Abstract Keyword AND (CS-514 OR
statin OR simvastatin OR atorvastatin OR fluvastatin OR
lovastatin OR rosuvastatin OR pravastatin OR 3 hydroxy
methylglutaryl CoA reductase) in Title Abstract Key-
word - in Trials (Word variations have been searched).

Selection process

The article selection process was carried out
in stages in order to screen the articles by double se-
lection. Selection performed from outside paired by

two authors in the stages of selection by title, abstract
and full text. No automation method was used in the
process. Selections were based on eligibility criteria.
When an article disagreed, a third author decided.

Data collection process

Data extraction was also performed by two
different authors separately, RSS and FPAG. After ex-
traction, the data were compared with each other,
and the PICO table and the results table were cre-
ated in an excel spreadsheet. Any misunderstanding,
a third author resolved, LSL. There was no automa-
tion of the process.

Articles that had more than one comparison
group were selected, the groups that fit the selec-
tion criteria, even if there were more than two se-
lectable groups.

Data items

The information collected was: Authors,
Study year, Study country, Number of patients, Fol-
low-up, Study design, Drug used, Drug dose, Drop-
outs, Total Testosterone, Free Testosterone, FSH, LH,
Estradiol, SHBG, Prolactin and Erectile Dysfunction.
Erectile dysfunction and hypogonadism were as-
sessed using validated questionnaires such as the
International Index of Erectile Function short form
(IIEF-5) (13) and Androgen Deficiency in Aging Male
(ADAM) questionnaire(14), respectively.

In case there was any information exposed
in an incomplete way, it was tried to contact the au-
thors of the articles through e-mail. If there was no
response, the data was reported as not provided.

Study risk of bias assessment

To assess the risk assessment of each study,
a different questionnaire was used depending on
each study design. For the Randomized Clinical Tri-
als, the Cochrane Collaboration’s Tool (15) was used,
for the Prospective Cohorts the Newcastle-Ottawa
Scale (NOS) (16) and for the Cross-sectional Studies
the AXIS tool (Assess the Quality of Cross-sectional
studies) (17). Questionnaires were applied indepen-
dently by two authors in each article, RSS and FPAG.
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Effect measures

Data were extracted in their means and
standard deviations. When the data was exposed
only in confidence intervals, a conversion of the
same type of standard deviation was performed.
The measurement units were converted for stan-
dardization and possible comparison of variables.
Total testosterone and free testosterone were eval-
uated in ng/dL; FSH and LH in Ul/L; Estradiol in
pg/mL and SHGB in nmol / L.

Synthesis methods/ Reporting bias assessment

Review Manager® software, version 5.4 (The
Nordic Cochrane Center, The Cochrane Collabora-
tion, Copenhagen, Denmark, 2020). A meta-analysis
of continuous variables was used in the reverse vari-
ation test, the mean difference (MD) with a 95% con-
fidence interval (Cl) was calculated. The results were
generated in graphs (18).

To assess heterogeneity, both the graphic of
the forest plot and 1> were analyzed. When this value
was less than 50%, heterogeneity was considered
low and acceptable, and the fixed model was used
for analysis. When |12 was greater than 50%, heteroge-
neity was considered important. Studies that caused
heterogeneity were removed so that further meta-
analyses could be conducted to assess the results,
a sensitivity test. If there is true heterogeneity, the
analysis model will be changed from fixed to random.

An additional analysis was performed, with
the MetaDisc software (19), on the results of total and
free testosterone in the statistically significant evalu-
ations, to expose the results of the averages of the
meta-analyzed groups and not just the difference be-
tween the groups. Only the values are exposed and
not the graphics.

The presentation of the results was divided
according to the different study designs. No other
sub-analyses were performed.

Certainty of evidence

The GRADEpro tool was used to expose the
degree of certainty of the evidence of the meta-ana-
lyzed and evaluated outcomes (20).
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RESULTS

Study selection

A total of 2359 articles were retrieved in the
database searches, of which 812 were from Med-
Line, 1373 from Embase and 174 from Cochrane. Af-
ter removing the duplicates, 1032 articles remained,
42 being selected for full reading. Of these, 21 were
excluded and 21 selected for systematic review and
meta-analysis. The selection flowchart is shown in
Figure-1 (7-11, 21-36).

Study characteristics

The characteristics of the included studies
are shown in Table 1. The review included a total of
9879 patients. Selected 21 articles with a total of 9879
patients. Among them, 5 randomized controlled trials
(RCT) with 1104 patients, 10 prospective cohorts (PC)
with 712 patients and 6 cross-sectional studies (CSS)
with 8063 patients.(6, 37-56).

Risk of bias in studies

The risk of bias analysis was assessed us-
ing the The Newcastle-Ottawa Scale (NOS), AXIS tool
and the Cochrane tool. The risks are shown in sup-
plementary file-1 in appendix.

Results of syntheses

Total Testosterone

Inthe Forrest plot with 6 CSS, the correlation
between patients with continuous use of statins and
reduction in total testosterone was evidenced with
a statistically significant reduction between groups
of 55.02ng/dL (95% Cl = [39.40, 70.64],12 = 91 %, p <
0.00001), shown in Figure-2 In the continuous statin
use group, the mean total testosterone calculated
was 409.56ng/dL (95% Cl = [384.34, 434.79], p <
0.001) and in the control group, 470.70ng/dL (95%
Cl = [441.34, 500.05], p < 0.001).

In the analysis with 5 RCTs, there was a re-
duction in the mean total testosterone in patients who
started continuous use of statins, with a statistical sig-
nificance of 13.12ng/dL (95% Cl = [1.16, 25.08], I> = 0%,
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p=0.03). In the group before statin use, they had a mean
testosterone of 411.60ng/dL (95% CI = [335.85, 487.34],
p < 0.001) and after the use of 395.14ng/dL (95% CI =
[321.38, 468.91] , p < 0.001).

Furthermore, analysis of all prospective com-
parative studies with 15 articles showed a statistically

significant reduction in mean total testosterone of 9.11ng/
dL (95% CI = [0.16, 18.06], I = 37%, p = 0.04), shown in
Figure-3 In the group before statin use, they had a mean
testosterone of 427.83ng/dL (95% CI = [362.25, 493.41],
p < 0.001) and after the use of 416.86 ng/dL (95% CI =
[365.68, 468.04] , p < 0.001).

Figure 2 - Total testosterone - Cross-sectional studies.

Control Statin Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Corona 2010 467 199 244 381 147 244 9.6% 86.00 [54.96, 117.04] —
Hall 2007 445.3 8.1 1575 394.3 16 237 15.5% 51.00 [48.92, 53.08] L]
Jarari 2018 520 110 30 460 80 30 6.2% 60.00[11.33, 108.67] —_—
Jarari 2018 480 99 30 420 50 30 7.8%  60.00[20.31, 99.69] e —
Jarari 2018 420 90 30 310 130 30 5.1% 110.00 [53.42, 166.58] e —
Jarari 2018 420 90 30 380 50 30 8.3% 40.00 [3.16, 76.84] —_—
Jarari 2018 480 99 30 340 130 30 4.9% 140.00 [81.53, 198.47] —
Keyser 2015 490.3 76.8 3441 426.9 82.9 577 15.1% 63.40 [56.17, 70.63] -
Medras 2014 472 21.7 151 429 49 38 13.4% 43.00 [27.04, 58.96] -
Mondul 2010 511 4.2 1275 516 42.6 41 14.0% -5.00 [-18.04, 8.04] -
Total (95% Cl) 6836 1287 100.0% 55.02 [39.40, 70.64] <

R . 2 _ . §2 — L2 } } } |
Heterogeneity: Tau’ = 407.84; Chi* = 101.68, df = 9 (P < 0.00001); I = 91% o0 100 ) 100 200

Test for overall effect: Z = 6.90 (P < 0.00001)

Favours Statin Favours Control

Figure 3 - Total testosterone - Before and After - All Prospective Comparative Studies: Prospective Cohort and
Randomized Clinical Trial.

Before Statin

After Statin

Mean Difference

Mean Di

fference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
1.1.1 CP
Azzarito 1996 513 133 8 424 88 8 0.7%  89.00[-21.51, 199.51] »
Bernini 1994 410 50 8 450 90 8 1.6% -40.00 [-111.34, 31.34] ——
Bernini 1998 513 46 8 510 44 8 4.1% 3.00 [-41.11, 47.11] .
Dogru 2008 490 150 74 480 140 74 3.7% 10.00 [-36.75, 56.75] I e —
Kocum 2008 447 131 83 439 114 83 5.7% 8.00 [-29.36, 45.36] I e —
Kocum 2008 426 109 77 432 106 77 6.9% -6.00 [-39.96, 27.96] I —
Krysiak 2014 420 110 11 310 60 11 1.5%  110.00 [35.95, 184.05]
Krysiak 2015 300 80 15 320 70 15 2.8%  -20.00 [-73.79, 33.79] ——
Krysiak 2015 320 70 12 400 80 12 2.2% -80.00 [-140.14, -19.86]
Purvis 1992 738 34.6 19 715 46.1 19 11.9% 23.00 [-2.92, 48.92] T
Santini 2003 355 167 16 324 119 16 0.8% 31.00 [-69.48, 131.48]
Segarra 1996 375 57.7 25 421 144.2 25 2.2% -46.00[-106.88, 14.88] —
Subtotal (95% CI) 356 356 44.0% 4.01 [-9.48, 17.50] &>
Heterogeneity: Chi? = 25.24, df = 11 (P = 0.008); I> = 56%
Test for overall effect: Z=0.58 (P = 0.56)
1.1.2 RCT
Berberoglu 2009 465.8 202.5 9 416.2 128.2 9 0.3% 49.60[-106.98, 206.18] »
Berberoglu 2009 411.5 113.7 10 448 72.1 10 1.2% -36.50[-119.94, 46.94]
Berberoglu 2009 359.3 162.3 15 349.9 182.3 15 0.5% 9.40 [-114.12, 132.92]
Berberoglu 2009 418.6 141 9 477.9 179.3 9 0.4% -59.30[-208.32, 89.72] +
Dobs 2000 555 149 37 528 154 37 1.7% 27.00 [-42.05, 96.05] —
Dobs 2000 493 122 37 496 123 37 2.6% -3.00 [-58.82, 52.82] S E—
Dobs 2000 511 138 34 479 102 34 2.4% 32.00 [-25.68, 89.68] —
Kanat 2009 210 240 48 170 190 48 1.1%  40.00 [-46.60, 126.60]
Kanat 2009 280 270 50 200 180 50 1.0% 80.00 [-9.95, 169.95]
Mastroberardino 1989 509.9 29.7 8 483.1 9.5 8 17.2% 26.80 [5.19, 48.41] —
Zhi-Guo 2014 306.6 42.1 32 303.7 25.1 32 27.8% 2.90 [-14.08, 19.88] -
Subtotal (95% CI) 289 289 56.0% 13.12 [1.16, 25.08] 2 2
Heterogeneity: Chi? = 8.79, df = 10 (P = 0.55); I> = 0%
Test for overall effect: Z = 2.15 (P = 0.03)
Total (95% CI) 645 645 100.0% 9.11 [0.16, 18.06] &>
it 2 — — 12 0, i 1 1 I
Heterogeneity: Chi* = 35.01, df = 22 (P = 0.04); I> = 37% 100 —to ) 50 100

Test for overall effect: Z = 1.99 (P = 0.05)
Test for subgroup differences: Chi? = 0.98, df = 1 (P = 0.32), I* = 0%
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In the Forrest plot in the analysis with 3 PC,
an increase in the mean total testosterone was evi-
denced, without significant significance, in patients
on continuous use of statins and compared with pa-
tients in the control group of -3.04 ng/dL (95% CI = [
-60.72, 54.65], I> = 92%, p = 0.92), shown in Figure-4.

Free Testosterone

In the Forrest plot with 5 CSS, there was a
correlation between patients on continuous use of
statins and the reduction in free testosterone with

a statistically significant reduction of 0.60 ng/dL
(95% Cl = [0.56, 0.64], 12 = 0%, p<0.00001), shown in
Figure-5 In the continuous statin use group, the cal-
culated mean free testosterone was 7.32ng/dL (95%
Cl = [5.26, 9.38], p < 0.001) and in the control group,
6.64ng/dL (95% Cl = [2.88,10.40], p < 0.001).

In the Forrest plot in the analysis with 2 PC, an
increase in the mean of free testosterone in patients
who started continuous statin use of -0.17 ng/dL was
evidenced (95% Cl = [-0.54, 0.19], I = 93%, p = 0 .35),
without statistical significance, shown in Figure-6.

Figure 4 - Total Testosterone - Statin X Control - Prospective Cohort.

Control Statin Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
Dobs 2000 542 171 30 479 102 34  18.0% 63.00 [-7.14, 133.14] T
Dobs 2000 542 171 30 496 123 37 17.6%  46.00 [-26.90, 118.90] T
Dobs 2000 542 171 30 528 154 37 16.8% 14.00 [-64.78, 92.78] N
Mastroberardino 1989  389.4 29.7 8 483.1 9.5 8 23.7% -93.70[-115.31, -72.09] -
Zhi-Guo 2014 295.6 32 32 306.6 42.1 32 23.9% -11.00 [-29.32, 7.32] i
Total (95% CI) 130 148 100.0% -3.04 [-60.72, 54.65]

Heterogeneity: Tau? = 3535.83; Chi? = 48.58, df = 4 (P < 0.00001); I> = 92%

Test for overall effect: Z = 0.10 (P = 0.92)

-

-200 -100 0 100 200
Favours Statin Favours Control

Figure 5 - Free Testosterone - Cross-sectional Studies.

Control Statin Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Corona 2010 8.7 3.3 244 7.4 26.2 244 0.0% 1.30[-2.01, 4.61] »
Hall 2007 9.2 0.2 1575 8.6 0.3 237 99.7% 0.60[0.56, 0.64] .
Keyser 2015 8.8 28.3 3441 8.1 10.7 577 0.1% 0.70[-0.59, 1.99]
Medras 2014 2.5 49 151 26 1.4 38 0.2% -0.10[-1.00, 0.80]
Mondul 2010 10.2 179 1275 11.1 2.1 41 Not estimable
Total (95% CI) 5411 1096 100.0% 0.60 [0.56, 0.64] [}
Heterogeneity: Chi? = 2.52, df = 3 (P = 0.47); I = 0% _42 —:1 5 i 24

Test for overall effect: Z = 29.80 (P < 0.00001)

Favours Statin Favours Control

Figure 6 - Free Testosterone - Before and After - Prospective Cohort.

Before Statin

After Statin

Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
2.1.1 PC
Azzarito 1996 1.74 0.14 8 2.25 0.14 8 34.3% -0.51[-0.65,-0.37] ——
Kocum 2008 1.22 0.58 77 1.24 0.61 77 32.9% -0.02[-0.21,0.17]
Kocum 2008 1.3 0.63 83 1.28 0.6 83 32.9% 0.02[-0.17,0.21] E
Subtotal (95% CI) 168 168 100.0% -0.17 [-0.54, 0.19]
Heterogeneity: Tau? = 0.10; Chi? = 27.53, df = 2 (P < 0.00001); I> = 93%
Test for overall effect: Z = 0.94 (P = 0.35)
-1 -0.5 0.5
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FSH

The Forrest plot with 6 PC showed an in-
crease in the mean FSH in patients who started
continuous statin use of -0.39 UI/L (95% CI = [-0.59,
-0.19], 1> = 28%, p = 0.0002), with statistical signifi-
cance. Furthermore, the analysis of all prospective
comparative studies with 6 articles showed a statisti-
cally significant increase in the mean FSH of -0.35
UI/L (95% CI = [-0.54, -0.15], I> = 19%, p = 0.0005),
shown in Figure-7.

LH

In the Forrest plot with 2 CSS, there was evi-
dence of a correlation between patients with contin-
uous statin use and a statistically significant increase

in LH of -0.29 UI/L (95% CI = [-0.45, -0.12], 12 = 5%, p
<0.0008), shown in Figure-8.

In the Forrest plot with 5 PC, an increase in
the mean LH was evidenced in patients who started
continuous statin use of -0.04 Ul/L (95% CI = [-0.44,
0.36], 1> = 70%, p = 0.85), without statistical signifi-
cance. Furthermore, in the analysis of all prospec-
tive comparative studies with 6 articles, a statistically
non-significant reduction in the mean LH of 0.05 UI/L
was evidenced (Cl 95% = [-0.25, 0.34], I* = 64%, p =
0.76), shown in Figure-9.

Estradiol
In the Forrest plot with 2 CSS, a correlation
between patients with continuous use of statins and

Figure 7 - FSH - Before and After - All Prospective Comparative Studies: Prospective Cohort and Randomized

Clinical Trial.

Before Statin After Statin

Mean Difference
1V, Fixed, 95% CI

Mean Difference
1V, Fixed, 95% CI

Study or Subgroup Mean SD Total Mean SD Total Weight
3.1.1 PC

Azzarito 1996 4.2 3.81 8 2.94 2.13 8 0.4%
Kocum 2008 5.34 1.89 83 5.55 1.52 83  14.0%
Kocum 2008 5.11 2.04 77 5.28 1.7 77 10.8%
Krysiak 2014 4.2 1 11 55 1.5 11 3.3%
Krysiak 2015 6 1.4 12 47 1.6 12 0.0%
Krysiak 2015 6.2 1.3 15 6 0.8 15 6.4%
Purvis 1992 4.16 0.38 19 4.65 0.43 19 57.1%
Segarra 1996 12 4 25 135 6 25 0.5%
Subtotal (95% CI) 238 238 92.4%
Heterogeneity: Chi? = 8.34, df = 6 (P = 0.21); I> = 28%

Test for overall effect: Z = 3.76 (P = 0.0002)

3.1.2 RCT

Dobs 2000 4.58 2.53 37 4.47 2.83 37 2.5%
Dobs 2000 3.74 2.72 34 3.91 2.48 34 2.5%
Dobs 2000 4.28 2.9 37 3.75 2.45 37 2.5%
Subtotal (95% CI) 108 108 7.6%

Heterogeneity: Chi? = 0.63, df = 2 (P = 0.73); I = 0%
Test for overall effect: Z = 0.44 (P = 0.66)

Total (95% CI) 346
Heterogeneity: Chi’ = 11.10, df = 9 (P = 0.27); I = 19%
Test for overall effect: Z = 3.50 (P = 0.0005)

Test for subgroup differences: Chi? = 2.13, df = 1 (P = 0.14), I> = 53.0%

346 100.0%

Figure 8 - LH - Cross-sectional studies.

1.26 [-1.76, 4.28]
-0.21[-0.73, 0.31]
-0.17 [-0.76, 0.42]

-1.30 [-2.37, -0.23]
1.30[0.10, 2.50]
0.20 [-0.57, 0.97]
-0.49 [-0.75, -0.23]
-1.50 [-4.33, 1.33]
-0.39 [-0.59, -0.19]

0.11[-1.11, 1.33]
-0.17 [-1.41, 1.07]
0.53 [-0.69, 1.75]
0.16 [-0.55, 0.87]

-0.35 [-0.54, -0.15]

—_—
—

o ¥

*
-2 0 2
Favours After Statin Favours Before Statin

PNl

Control Statin Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Hall 2007 5.3 0.1 1575 5.6 0.4 237 97.4% -0.30[-0.35,-0.25]
Medras 2014 5.96 5.7 151 5.73 1.4 38 2.6% 0.23 [-0.78, 1.24]
Total (95% Cl) 1726 275 100.0% -0.29 [-0.45, -0.12] ‘
H . 2 __ . 2 — — 12 0, : : : :
Heterogeneity: Tau’ = 0.01; Chi* = 1.05,df = 1 (P = 0.31); I = 5% 1 s 5 o5 ¥

Test for overall effect: Z = 3.37 (P = 0.0008)
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a decrease in Estradiol without statistical significance of
0.39 pg/mL was evidenced (Cl 95% = [-1.74, 2.52], 12 = 93%,
p =0.72), shown in Figure-10.

In the Forrest plot with 3 PC, an increase in the
mean estradiol in patients who started continuous statin
use of -314 pg/mL was evidenced (95% Cl = [-6.82, 0.54],
> = 49%, p = 0.09), without statistical significance. Fur-
thermore, the analysis of all prospective comparative stud-
ies with 4 articles showed a statistically non-significant
increase in the mean estradiol of -0.43 pg/mL (95% CI =
[-5.38, 452], I> = 78%, p = 0.86), shown in Figure-11.

SHBG
In the Forrest plot with 3 CSS, there was a

correlation between patients with continuous use of
statins and a decrease in SHBG without statistical
significance of 0.93 nmol/L (95% CI = [-4.32, 6.17], |12
=99%, p =0, 73), shown in Figure-12.

In the Forrest plot with 4 PC, a reduction in
the mean SHBG in patients who started continuous
statin use of 0.13 nmol/L was evidenced (95% CI =
[-1.53, 1.79], I = 0%, p = 0.88), without significance
statistics, shown in Figure-13.

Certainty of evidence

The summary of evidence and findings are
displayed in the GRADE20 table in the supplemen-
tary file 2 in appendix.

Figure 9 - LH - Before and After - All Prospective Comparative Studies: Prospective Cohort and Randomized

Clinical Trial.

Before Statin After Statin

Mean Difference

Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
4.1.1 PC

Azzarito 1996 9.39 5.88 8 6.17 5.14 8 0.3% 3.22 [-2.19, 8.63]

Kocum 2008 4.43 0.97 77 4.38 0.76 77 16.8% 0.05 [-0.23, 0.33] T

Kocum 2008 4.68 1.03 83 4.57 0.96 83 16.4% 0.11 [-0.19, 0.41] T

Krysiak 2014 4 0.9 11 51 1.1 11 7.7% -1.10 [-1.94, -0.26] I

Krysiak 2015 6.5 2.1 15 6.2 2.2 15 3.1% 0.30 [-1.24, 1.84] I —
Krysiak 2015 6 1.9 12 4.1 1.4 12 4.0% 1.90 [0.56, 3.24] I —
Purvis 1992 4.65 0.43 19 5.04 0.38 19 17.2% -0.39[-0.65, -0.13] -

Segarra 1996 20 11 25 21 13 25 0.2% -1.00[-7.68, 5.68]

Subtotal (95% CI) 250 250 65.6% -0.04[-0.44, 0.36] L 3
Heterogeneity: Tau? = 0.15; Chi? = 23.68, df = 7 (P = 0.001); I> = 70%

Test for overall effect: Z = 0.18 (P = 0.85)

4.1.2 RCT

Dobs 2000 2.78 1.24 37 239 079 37 13.1% 0.39[-0.08, 0.86] r=—

Dobs 2000 289 138 37 2.7 1.25 37 10.9% 0.19[-0.41, 0.79] T

Dobs 2000 2.76 1.34 34 2.7 133 34 10.4% 0.06[-0.57, 0.69] -
Subtotal (95% CI) 108 108 34.4% 0.25[-0.07,0.57]

Heterogeneity: Tau? = 0.00; Chi? = 0.72, df = 2 (P = 0.70); I*> = 0%

Test for overall effect: Z = 1.52 (P = 0.13)

Total (95% CI) 358 358 100.0% 0.05[-0.25, 0.34]

Heterogeneity: Tau? = 0.12; Chi? = 28.13, df = 10 (P = 0.002); I* = 64% — _52 5 é "1

Test for overall effect: Z = 0.30 (P = 0.76)
Test for subgroup differences: Chi? = 1.19, df = 1 (P = 0.28), 1> = 15.9%

Figure 10 - Estradiol - Cross-sectional studies.

Favours After Statin Favours Before Statin

Control Statin Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl 1V, Random, 95% CI
Keyser 2015 27 23.9 3441 28.6 5.15 577 33.7% -1.60[-2.50, -0.70] —a—
Medras 2014 15.8 5.37 151 15 1.64 38 33.2%  0.80[-0.20, 1.80]
Mondul 2010 35.9 17.1 1275 33.9 1.23 41 33.1% 2.00[0.99, 3.01] —a—
Total (95% CI) 4867 656 100.0% 0.39 [-1.74, 2.52]
Heterogeneity: Tau? = 3.29; Chi? = 28.80, df = 2 (P < 0.00001); I> = 93% _54 _52 3 é li,

Test for overall effect: Z = 0.36 (P = 0.72)
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Figure 11 - Estradiol - Before and After - All Prospective Comparative Studies: Prospective Cohort and
Randomized Clinical Trial.

Before Statin After Statin Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
5.1.1 CP
Azzarito 1996 23 2 8 30 9 8 19.4% -7.00[-13.39, -0.61] -
Bernini 1998 25 2.7 8 29 5 8 24.2% -4.00[-7.94, -0.06] — ]
Dogru 2008 27.8 11.9 74 279 119 74  24.4%  -0.10[-3.93, 3.73] —
Subtotal (95% CI) 90 90 68.0% -3.14 [-6.82, 0.54] ~tl

Heterogeneity: Tau? = 5.14; Chi® = 3.92, df = 2 (P = 0.14); I = 49%
Test for overall effect: Z = 1.67 (P = 0.09)

5.1.2 RCT

Kanat 2009 31 45 50 25 32 50 7.7%  6.00[-9.31, 21.31]

Kanat 2009 22 11 48 16 8.3 48  24.3% 6.00 [2.10, 9.90] -
Subtotal (95% CI) 98 98 32.0% 6.00 [2.22, 9.78] i

Heterogeneity: Tau? = 0.00; Chi? = 0.00, df = 1 (P = 1.00); I = 0%
Test for overall effect: Z = 3.11 (P = 0.002)

Total (95% CI) 188 188 100.0% -0.43 [-5.38, 4.52] ’

H . 2 _ . 2 — — 12 0, : : 1 :
Heterogeneity: Tau® = 22.29; Chi* = 18.26, df = 4 (P = 0.001); I° = 78% 0 10 0 10 20
Favours After Statin Favours Before Statin

Test for overall effect: Z=0.17 (P = 0.86)
Test for subgroup differences: Chi? = 11.54, df = 1 (P = 0.0007), I*> = 91.3%

Figure 12 - SHBG - Cross-sectional studies.

Control Statin Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Hall 2007 34.4 0.6 1575 28.8 1.8 237 33.7% 5.60 [5.37, 5.83] ]
Keyser 2015 46 18.9 3441 40 3.25 577 33.5% 6.00 [5.32, 6.68] =
Medras 2014 38.16 3.18 151 47.2 4.29 38 32.8% -9.04[-10.50, -7.58] —
Total (95% CI) 5167 852 100.0% 0.93 [-4.32, 6.17]

10 -5 0 5 10
Favours Statin Favours Control

Heterogeneity: Tau? = 21.28; Chi? = 383.48, df = 2 (P < 0.00001); I> = 99%
Test for overall effect: Z = 0.35 (P = 0.73)

Figure 13 - SHBG - Before and After - Prospective Cohort.

Before Statin After Statin Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
7.1.1 CP
Azzarito 1996 33.6 133 8 30 11 8 1.9% 3.60 [-8.36, 15.56] >
Kocum 2008 39.42 11.24 77 37.19 9.83 77  24.8% 2.23 [-1.11, 5.57] T
Kocum 2008 37.69 8.32 83 38.83 7.32 83 48.5% -1.14[-3.52,1.24] ——
Krysiak 2014 41 8 11 38 7 11 7.0% 3.00 [-3.28, 9.28]
Krysiak 2015 37 8 12 42 11 12 4.7% -5.00[-12.70, 2.70]
Krysiak 2015 43 11 15 41 12 15 4.1% 2.00 [-6.24, 10.24]
Santini 2003 35.5 9.1 16 355 6.5 16 9.2% 0.00 [-5.48, 5.48] —
Subtotal (95% CI) 222 222 100.0% 0.13 [-1.53, 1.79] R
Heterogeneity: Chi? = 5.65, df = 6 (P = 0.46); I> = 0%
Test for overall effect: Z = 0.15 (P = 0.88)

-10 -5 0 5 10
Favours After Statin Favours Before Statin

DISCUSSION in the individual and populational context. Thus, in
order not to commit any ecological fallacy, it was

This study is a comprehensive systematic only accepted as significant evidence, the analyzes

review and meta-analysis on the subject, which as-  that, when there were population studies, had their
sesses the role of statins use on male hormones, both  statistical result in agreement with the prospective
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studies. In addition, the review included all medica-
tions in the statin class used in the articles, without
selecting one drug over the others, as previous reviews
on the subject did, thus allowing for the effect of the
class as a whole. Twenty-one articles were included
with a total of 9,879 patients evaluated.

Total Testosterone was seen to decrease its
mean at all levels of evidence, with the exception of the
comparison between groups in the prospective studies.
However, this analysis was hampered due to the low
number of articles and patients evaluated, shown in the
GRADE evidence summary. Therefore, it is possible to
affirm that the statin use causes a decrease in the total
levels of testosterone. However, these levels on aver-
age did not reach below normality, with the exception
of Kannat et al. 2009 data, which were already below
normality before starting the medication (46).

There was a decrease in Free Testosterone in
the cross-sectional study, but no statistical difference
was seen in prospective studies, as there was an impor-
tant decrease in the number of studies that analyzed the
variable. Therefore, it is not possible to state that statin
causes a decrease in free testosterone.

Analysis of FSH showed a statistically signifi-
cant increase in the hormone after statin use. As for the
analysis of LH, Estradiol and SHBG, it was not possible
to identify statistically significant differences (57).

The limitations of the study were the quality of
the data, the mode of exposure of the variables, the vari-
ability of the medication, the exposure time and the lack
of clinical evaluations. For example, patients with meta-
bolic syndrome and obesity are at risk of testosterone
deficiency and usually take statins, and those situations
were not evaluated in the studies.

Data quality was a limiting factor, as some ar-
ticles presented the hormonal outcome as a secondary
outcome. In addition, the large variability of data mea-
surement units was one of the possible biases, as it was
the cause of the inconsistency of the data in the articles,
being a reason for the exclusion of some articles. To ho-
mogenize the data, it was necessary to convert units,
which generate a limitation and a potential error. For
this, the conversion was performed and verified repeat-
edly by more than one author.

130

The analysis of several drugs grouped, in dif-
ferent doses and different exposure times can be a po-
tential limiting factor of the evidence, but all the articles
included used validated drugs, in their therapeutic dose
and with a minimum period of 3 months. Furthermore,
the study was unable to establish a correlation between
the extent of reduction in total cholesterol levels and the
decrease in total testosterone levels. Only a few groups
of articles were selected, since not all groups fit the eli-
gibility criteria.

It was not possible to assess sexual function
and signs and symptoms of hypogonadism as studies
did not assess these data.

Limitations of the human selection process,
which include potential selection or analysis errors,
were mitigated by employing the methodology recom-
mended by PRISMA, as outlined in the methodology
section (12).

Regarding practice implications, the results
indicate that statin administration is associated with a
decrease in testosterone levels. While this decrease is
statistically significant, its clinical relevance may not
be substantial. However, in patients at high risk or ex-
hibiting symptoms of hypogonadism or ADAM, statins
may contribute to clinical symptoms. Concerning future
research directions, there is a necessity for further in-
vestigation into the potential relationship between statin
use and clinical outcomes such as hypogonadism,
ADAM, and erectile dysfunction. To elucidate more ac-
curately the impact of statin or cholesterol reduction on
testosterone levels and its clinical consequences, well-
designed, multicentric randomized clinical trials are
essential. These trials should include control groups of
patients using benzofibrates and/or engaging in behav-
ioral modifications like dietary changes and increased
physical activity.

CONCLUSION

Statins use causes a decrease in total testos-
terone, not enough to cause a drop below the normal
range and also determines increase in FSH levels. No
differences were found in LH, Estradiol, SHBG and
Free Testosterone analysis
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