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Abstract

Objective/design: Testosterone might mediate sex differences in kidney function and
chronic kidney disease (CKD). However, few studies analyzing the association between
testosterone and kidney function showed conflicting results. Therefore, we performed a

systematic review and meta-analysis.

Methods: Six electronic databases were searched from inception to March 4, 2020, for
studies that investigated the association of (i) testosterone status with kidney function in
the general population or (ii) testosterone status with clinical outcomes (kidney function
decline, kidney failure, cardiovascular (CV) events, and cardiovascular and all-cause
mortality) in CKD patients. We used random and fixed-effect models to obtain pooled

effect estimates with 95% confidence intervals (Cls).
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Results: No randomized-controlled trials that met the inclusion criteria were identified.
One study was conducted in the general population and reported an increased risk
of incident CKD with low vs normal testosterone (hazard ratio (HR): 1.38, 95% Cl:

1.05;1.80). Seven studies were conducted in men with CKD and included testosterone as
determinant, of which six could be meta-analyzed. Low testosterone was associated with
an increased risk of all-cause mortality and CV events (pooled HR: 1.98, 95% Cl: 1.36;2.89;
pooled HR of 2.40, 95% Cl: 1.22;4.71, respectively). Two studies showed an increased risk
of all-cause mortality with decreased dehydroepiandrosterone sulfate (DHEAS) in men
with CKD; results regarding CV events were conflicting.

Conclusions: Although literature is scarce, evidence suggests that lower testosterone may
increase CKD risk in the general population and risk of all-cause mortality and CV events

in men with CKD. Whether testosterone supplementation could prevent these potential
detrimental outcomes should be determined in future intervention studies.
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Introduction

Chronic kidney disease (CKD) is a highly prevalent
condition (1) and is often characterized by a decline in
kidney function over time. Generally, a higher prevalence

of CKD is found in women, while men with CKD have a
higher rate of kidney function decline. This phenomenon
is often referred to as the ‘CKD paradox’ (2, 3), and
differences in sex hormones between men and women
might underlie these existing sex differences (3, 4, 5).
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In men, the major sex hormone is testosterone.
However, literature regarding the effects of testosterone on
the kidney has shown conflicting results. On the one hand,
it is suggested that testosterone has harmful effects on the
kidney, such as glomerular and tubular damage, kidney
fibrosis, proteinuria, and hypertensive effects (6, 7, 8, 9,
10, 11). However, these effects were only found in animal
studies in which testosterone depletion with or without
consecutive testosterone replacement was investigated.
On the other hand, testosterone is suggested to positively
affect the kidney, including vasodilatation in the renal
vascular bed, decreased inflammation, and decreased
kidney injury, which has been reported in both animal
and human studies (12, 13, 14, 15, 16, 17, 18). Moreover,
dehydroepiandrosterone sulfate (DHEAS), a product of
the testosterone precursor hormone DHEA, has also been
suggested to affect the kidney through several mechanisms,
but it is unclear if the net effect on kidney function decline
is positive or negative (19, 20, 21, 22).

Prior studies assessing the association between serum
testosterone and kidney function in the general population
as well as the association between serum testosterone
and clinical outcomes in a CKD population are few and
have heterogeneous results. In addition, these studies
have never been systematically analyzed, which could
result in increased power to investigate the associations
of interest. However, knowledge about the association
between serum testosterone and kidney function could
provide more insight into the mechanism behind the
existing sex differences in kidney function decline and
could reveal a potential therapeutic target to prevent this
decline (i.e. testosterone supplementation in men with
mild hypogonadism at high risk of CKD). We therefore set
out to investigate the association of serum testosterone -
as well as its precursors and active metabolites, if available
- with kidney function decline and CKD. Additionally, we
investigated the association of testosterone, its precursors,
its active metabolites, and its supplementation with
clinical outcomes in patients with CKD.

Methods
Study search and eligibility criteria

This systematic review and meta-analysis was conducted
in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines
for transparent reporting (Supplementary Material 1, see
section on supplementary materials given at the end of

this article). A systematic search within PubMed, Medline
(OvidSP), Web-of-Science, Cochrane, PubMed publisher,
and Google Scholar from inception to March 4, 2020, was
conducted by a trained medical librarian from the Erasmus
MCusing a comprehensive search strategy (Supplementary
Material). No language or date restrictions were applied. In
addition, reference lists of potentially eligible studies and
reviews concerning our topic were screened to identify
additional eligible studies. We aimed to identify prospective
cohort studies, case-control studies, or randomized-
controlled trials (RCTs) that satisfy one of two predefined
sets of eligibility criteria. First, to determine the association
of testosterone status with kidney function (decline) or
incident CKD in the general population, we searched for
studies that satisfy the following criteria: (i) assessment
of testosterone status at baseline in subjects aged above
18 years and (ii) prospective assessment of kidney function
decline or moderate or severe CKD (KDIGO 2012 stage
G3-GS (23)) incidence as an outcome in patients with
normal or low-normal kidney function (KDIGO 2012 stage
G1-2) orin the general population. We included studies that
defined testosterone status as serum levels of testosterone
or hyper/hypogonadism, as well as levels of precursors
and active metabolites of testosterone, if available. Studies
involving subjects with moderate or severe CKD only
were excluded. Secondly, to determine the association of
testosterone status or testosterone replacement therapy
with clinical outcomes in patients with moderate or severe
CKD, we searched for studies that satisfy the following
criteria: (i) assessment of testosterone status at baseline
in patients with moderate or severe CKD, aged above
18 years and (ii) at least one prospective assessment of
clinical outcomes of CKD. We included studies that
reported on the following clinical outcomes: kidney
function decline, kidney failure, cardiovascular (CV)
events, CV mortality, and all-cause mortality.

Study selection, data extraction, and
quality assessment

Two reviewers (ACB and SRK) independently reviewed the
titles and abstracts of the retrieved studies for suitability
based on the selection criteria. Full texts of the potential
eligible studies were retrieved and independently reviewed
by the same two reviewers according to the eligibility
criteria. If full texts were not available, we contacted
the corresponding authors. Disagreements within the
reviewing process were resolved by reaching consensus
or by consulting a third reviewer (LC). A standardized,
predefined data extraction form was used to extract
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relevant information from the included studies, including
study design and setting, number and characteristics
of subjects, testosterone status and assessment, kidney
function assessment and CKD stage, clinical outcomes
in subjects with CKD if applicable, and study quality.
Corresponding authors were contacted in case of questions
regarding the data analysis reported in the studies. Quality
assessment of the identified studies was performed by two
reviewers independently using the Newcastle-Ottawa
Scale (NOS) (24) for cohort and case-control studies, with a
score ranging between 0 and 9, or the Cochrane risk of bias
tool (25) for RCTs, where the overall risk of bias was scored
as low, moderate, or high risk of bias.

Statistical analyses

Meta-analyses were performed when two or more studies
assessed the association of (i) testosterone status with
kidney function or incident CKD in subjects with normal
or low-normal kidney function or within the general
population, or (ii) testosterone status or testosterone
replacement therapy with clinical outcomes in patients
with moderate or severe CKD. In addition, similar cut-offs
for the categorization of serum testosterone in the different
studies are required for the meta-analysis.

The used term ‘serum testosterone’ is about serum total
testosterone, serum free testosterone is indicated as such.
Reported CV events and mortality were assessed together
as CV events, as not all studies may distinguish between
fatal and non-fatal CV events. We preferentially extracted
and analyzed the most adjusted hazard ratios (HRs) and
95% confidence intervals (CIs), although the second to last
adjusted HRs were used when the most adjusted models
were additionally adjusted for serum creatinine only.
Odds ratios (ORs) were extracted if HRs were not reported.
However, we performed predefined sensitivity analyses
by excluding studies not reporting HRs. Other predefined
sensitivity analyses, if possible based on the available
information, were: (i) excluding testosterone replacement
therapy users at baseline and during follow-up; (ii)
excluding anti-androgen users at baseline and during
follow-up; (iii) excluding patients with diabetes mellitus
type 2, prostate cancer, and breast cancer at baseline;
and (iv) excluding studies with only dialysis patients. If
data were sufficient (>2 studies per subgroup), subgroup
analyses were performed for age, sex, body mass index
(BMI), diabetes mellitus, CKD stage, study quality, and
testosterone assay. Both random-effects models according
to DerSimonian and Laird and fixed-effect models were
used to calculate the pooled estimates and 95% ClIs, and

results were displayed using forest plots. Random-effect
models were reported as the main results. Statistical
heterogeneity was assessed by using the 12 statistic where
I? values of <25% indicate low, 25-50% moderate, and
>50% high heterogeneity. Publication bias was assessed
visually by using funnel plots and statistically by using
an Egger test. All statistical analyses were performed in
R statistical software (meta package, R-project, R
Foundation for Statistical Computing (2020), 3.6.3).

Results
Study selection

In total, 3783 reports were identified after removing
duplicates, of which 3763 were excluded based on title and
abstract (Fig. 1). After reading the full texts, ten additional
reports were excluded, leaving ten reports that met the
eligibility criteria and were included in the systematic
review. Of these, six could be included in a meta-analysis.

Study characteristics and quality assessment

We did not identify RCTs that met the inclusion criteria.
All studies included testosterone or DHEAS as measure of
testosterone status, and no studies including precursors
or active metabolites of testosterone were identified.
In addition, all studies were prospective cohort studies
and were performed in Europe, Asia, Australia, and
North America (Table 1). Out of the ten studies, only
one investigated the association of testosterone status
with kidney function (decline) or incident CKD in the
general population (26). This study was published in 2019
and included 1277 participants. The other nine studies
investigated the association of testosterone status with
clinical outcomes in men with moderate or severe CKD
(stage G3-GY), although one of them included men with
mild CKD as well (stage G1-G2) (27). These studies were
published between 2009 and 2015 and had sample sizes
ranging between 94 and 623. None of the studies included
kidney function decline or kidney failure as outcome.
Eight out of ten studies included serum testosterone as a
determinant, while the other two studies included serum
DHEAS as a determinant. None of the studies investigated
testosterone replacement therapy as a determinant. Half
of the studies reported that none of the study participants
used testosterone replacement or anti-androgen therapy,
while the others did not provide any information on this.
Testosterone cut-offs for hypogonadism ranged between
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Records identified through
database searching

Additional records identified through
other sources

Full-text articles assessed
for eligibility >
(n=20)

(n=3)

Studies included in
qualitative synthesis
(n=10)

(n=15610) (n=0)
v
Records after duplicates removed

(n= 3783)

v
Records screened N Records excluded

(n= 3783) (n=23763)

v Full-text articles excluded, with reasons:

Conference abstract or case series

Unable to retrieve full text (n = 2)

Retrospective study (n = 2)

Foreign language (n = 1)

l - Kidney function not assessed by
the estimated glomerular filtration

rate (GFR), measured GFR or

creatinine clearance (n = 1)

Association of serum testosterone

with outcome(s) of interest not

l reported (n = 1)

Studies included in
quantitative synthesis
(meta-analysis)
(n=6)

5.0 and 12.1 nmol/L, and follow-up duration varied
from 20 months up to 11.2 years. Several methods for
measuring serum testosterone were reported, including
enzyme immunoassay (ELISA), liquid chromatography-
tandem mass spectrometry, and radioimmunoassay
(RIA) techniques. Serum DHEAS was measured by
using chemiluminescent enzyme immunoassay or RIA
techniques. All studies adjusted for a different set of
covariates are displayed in Table 2. In general, the quality
of studies was moderate to good with a score ranging from
6 to 9 (Supplementary Table 2).

Association of serum testosterone with incident
chronic kidney disease

Only one study, including 1277 men, provided data
on the association of serum testosterone with kidney
function and included incident CKD as their outcome of
interest (26). Increased levels of log-transformed serum
testosterone were associated with a statistically non-
significant decreased risk of incident CKD (HR: 0.82, 95%
CI: 0.61;1.10, Table 2). In this study, serum testosterone was
also categorized into low and normal testosterone using a
cut-off of 350 ng/dL (12.1 nmol/L). Low testosterone was
reported to be associated with an increased risk of incident
CKD when compared to normal testosterone (HR: 1.38,
95% CI: 1.05;1.80, Table 2).

Figure 1
Flowchart of the study selection.

Association of serum testosterone with all-cause
mortality in subjects with CKD

Six studiesreported on the association of serum testosterone
with all-cause mortality in subjects with CKD (28, 29,
30, 31, 32, 33). Serum testosterone was investigated as a
continuous parameter (n =3), a dichotomous categorical
parameter (n=3), and a trichotomous categorical
parameter (n =2).

Continuous serum testosterone and

all-cause mortality

In one (28) of the three studies that investigated the
association between continuous serum testosterone and
all-cause mortality, serum testosterone was log-transformed
and increased levels of this log-transformed serum
testosterone were associated with a decreased risk of all-
cause mortality (HR: 0.58, 95% CI: 0.37;0.90, per 10 ng/dL,
Table 2). Due to the log-transformation, this study could
not be included in the meta-analysis. The corresponding
author was contacted to request an investigation of the
association using non-transformed serum testosterone, but
responded that this was not possible due to the non-normal
distribution of serum testosterone. The other two studies
(31, 32) were included in the meta-analysis and higher
serum testosterone levels were associated with a decreased
risk of all-cause mortality when using a random-effects
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model, with a HR of 0.94 (95% CI: 0.90-0.99, Fig. 2A) and
without evidence of heterogeneity (12 of 0%, P-value = 0.49).

Dichotomized serum testosterone and

all-cause mortality

The three studies (29, 30, 33) that investigated the
association between serum testosterone as a dichotomized
parameter and all-cause mortality all used a different cut-
off for low serum testosterone levels, i.e., 8.1 (30), 10.0
(29), and 8.0 nmol/L (33). Furthermore, the study using
a cut-off of 10.0 nmol/L to define low serum testosterone
was also the study that only reported ORs. All three studies
individually reported that low serum testosterone was
associated with an increased risk of all-cause mortality
when compared to the reference, and an overall pooled HR
of 1.98 (95% CI: 1.36-2.89, Fig. 2B) was shown, without
evidence of heterogeneity (I> of 0%, P-value=0.63).
Excluding the study reporting ORs only as a sensitivity
analysis yielded similar results (overall pooled HR: 2.02,
95% CI: 1.28;3.18, Supplementary Fig. 1). One of the
studies (33) also categorized serum testosterone using
a cut-off of 5.2 nmol/L for low serum testosterone and
reported that low serum testosterone was associated with
a significantly increased risk of all-cause mortality when
compared to normal serum testosterone (HR: 4.04, 95%
CI: 1.86;8.76, Table 2). This study also showed that low
serum free testosterone (cut-off: 0.21 nmol/L) wasassociated
with a significantly increased risk of all-cause mortality
when compared to normal serum free testosterone
(HR: 2.62,95% CI: 1.27;5.44).

Trichotomized serum testosterone and

all-cause mortality

Two studies categorized serum testosterone into three
categories, i.e., low, borderline, and normal, although
different cut-offs were used. One study (28) defined low and
borderline serum testosterone as serum testosterone < 8.0
nmol/L and 8-12 nmol/L, respectively, while the other
study defined low and borderline serum testosterone as
serum testosterone < 10.0 nmol/L and 10-14 nmol/L,
respectively (32). In the two studies, the reported HRs
for the association between borderline vs normal serum
testosterone and all-cause mortality were in the opposite
direction, although significance was not reached in either
study (HR: 1.32, 95% CI: 0.72;2.42 (28) and HR: 0.76, 95%
CI: 0.38;1.54 (32), Table 2). After meta-analyzing the data
using a random-effects model, a pooled HR of 1.03 (95%
CI: 0.60;1.77) was shown, with moderate heterogeneity

(I of 27%, P-value=0.24, Fig. 2C1). The reported HRs for
the association between low vs normal serum testosterone
and all-cause mortality were similar, with a HR of 1.48
(95% CI: 0.82;2.66) (28) and a HR of 1.49 (95% CI:
0.83;2.66) (32) (Table 2). When comparing low vs normal
serum testosterone, the pooled HR was 1.49 (95% CI:
0.98;2.25), without evidence of heterogeneity (I of 0%,
P-value=0.99), for all-cause mortality (Fig. 2C2).

Association of serum testosterone with
cardiovascular events in CKD patients

Of the four studies that included data on the association of
serum testosterone with CV events in subjects with CKD,
two used continuous serum testosterone in their analyses
(27, 28). Both showed that higher serum testosterone
levels were associated with a decreased risk of CV events,
both including non-fatal and fatal events. However, only
one study provided an adjusted HR reaching statistical
significance (HR: 0.83, 95% CI: 0.78;0.88, Table 2) (27).
Furthermore, similar results were reported in this study on
the association between serum free testosterone and CV
events (HR: 0.65, 95% CI: 0.53-0.80). As one of the studies
(28) log-transformed serum testosterone, findings could
not be meta-analyzed. In the other two studies, serum
testosterone was categorized into low and normal serum
testosterone, with cut-offs of 8.1 (30) and 8.0 nmol/L
(33). Low serum testosterone was associated with an
increased risk of CV mortality when compared to normal
serum testosterone, with a pooled HR of 2.40 (95% CI:
1.22;4.71) and without evidence of heterogeneity (1 of 0%,
P-value=0.91, Fig. 3).

Association of serum DHEAS with all-cause
mortality and cardiovascular events

Two studies (34, 35) investigated the association of DHEAS
with all-cause mortality and both showed that low DHEAS
levels were associated with an increased risk of all-cause
mortality; however, only when DHEAS was categorized
(low vs high DHEAS, HR: 3.84, 95% CI: 1.48;9.95 (34), and
quartile 1 (lowest) vs quartile 2-4(highest), HR: 2.37, 95%
CI:1.37;4.08 (35)). Due to large differences in categorization
cut-offs, these findings could not be meta-analyzed. The
same two studies also investigated the association of
DHEAS with CV events; however, meta-analysis of this
data was also not possible due to different expressions of
the exposure, i.e., continuous vs categorical and difference
in number of categories. One study (34) showed no
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Figure 2

Forest plots of serum testosterone and all-cause mortality. (A) Association of continuous serum testosterone with all-cause mortality. (B) Association of
two categories of serum testosterone with all-cause mortality: low vs reference. (C) Association of three categories of serum testosterone with all-cause
mortality: (1). Borderline vs reference (2). Low vs reference. Hazard ratios with 95% Cls are delineated by squares with horizontal lines; pooled hazard

ratios are delineated by diamonds.

significant association between DHEAS levels and the risk
of CV mortality, neither when adding serum DHEAS as
a continuous covariate to the model (HR: 1.00, 95% CI:
1.00;1.00) nor when adding serum DHEAS as a categorical
covariate to the model (HR: 3.99,95% CI: 0.98;16.20, low vs
normal serum DHEAS) (Table 2). The second study (35) did
report a significantly increased risk of CV events, including
both non-fatal and fatal events, when comparing the first
quartile of serum DHEAS to the reference consisting of the
third and fourth quartile of serum DHEAS (HR: 1.96, 95%

CI: 1.22;3.15), but not when comparing the second quartile
of serum DHEAS to the same reference (HR: 1.10, 95% CI:
0.68;1.77) (Table 2).

Evaluation of publication bias

Neither the visual assessment of the funnel plots
(Supplementary Fig. 2) nor the Egger test (P>0.2) showed
signs of publication bias for the association between
continuous and categorized serum testosterone and
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all-cause mortality. Similarly, no signs of publication bias
for the association between categorized serum testosterone
and CV events were shown (Supplementary Fig. 3, Egger
test=0.9145). Results should be interpreted with caution
due to the limited number of included studies.

Discussion

The current evidence on the association of serum
testosterone with Kkidney function in the general
population and with clinical outcomes in patients with
CKD was compiled in this systematic review and meta-
analysis. Only one study investigated the association
between serum testosterone and kidney function in the
general population and reported a 1.4-fold increased risk of
CKD with lower serum testosterone levels (26). In addition,
we report an almost 2-fold increased risk of all-cause
mortality and a 2.4-fold increased risk of CV mortality
with low serum testosterone levels in patients with CKD.
Low serum DHEAS levels were associated with an increased
risk of all-cause mortality, whereas conflicting results were
shown for the association with CV events.

We identified one study that investigated the
association of serum testosterone with incident CKD in
the general population. In addition, we identified nine
studies investigating the associations of serum testosterone
(n=7) and serum DHEAS (n =2) with clinically relevant
endpoints in CKD patients. However, these studies differed
in many aspects, including study design, cut-off levels
to define low serum testosterone, and definition of CV
events. Furthermore, not all studies reported on the use of
testosterone replacement therapy and all studies adjusted
for a different set of covariates. Nevertheless, findings
of our systematic review and meta-analysis suggest that
higher serum testosterone is beneficial for the kidney.
These results are supported by several animal and human
studies investigating the effects of serum testosterone on

the kidney (12, 13, 14, 15, 16, 17, 18), although detrimental
effects of serum testosterone on the kidney have also been
reported (6, 7, 8, 9, 10, 11). However, these studies were all
conducted in animals in which testosterone depletion was
effectuated. Several mechanisms explaining the potential
beneficial effects of higher serum testosterone on the
kidney have been proposed. Serum testosterone could exert
positive effects on the kidney by causing vasodilatation
in the renal vascular bed (12). Furthermore, in male
rats that were exposed to renal ischemia, testosterone
infusion attenuated the rise in plasma creatinine, urinary
kidney injury molecule-1, and kidney inflammation,
and prevented a reduction in outer medullary blood
flow (13). More specifically, testosterone has been shown
to reduce kidney inflammation by reducing the levels
of inflammatory cytokines (13, 14). In addition, lower
testosterone has been associated with lower hematocrit
(15) and with an increased risk of anemia (16, 17), which in
turn can play a role in kidney ischemia (18). The increased
risk of all-cause mortality with lower testosterone could
be explained by the reported increased risk of CV events
in the current review. Moreover, low serum testosterone
has been associated with CV risk factors and events such
as diabetes (36, 37, 38), stroke (39, 40), metabolic syndrome
(37, 41, 42), and atherosclerosis (43) in the general
population. In patients with CKD, the same mechanisms
could play a role as well. In addition, the question remains
if serum testosterone is causally associated with mortality
in this population or if the association could be explained
by the underlying poor health status. That is, CKD itself
can independently cause hypogonadism by disturbing
the hypothalamic-pituitary-gonadal axis (44, 45) or by
causing testicular damage such as interstitial fibrosis and
calcification (45, 46). Therefore, hypogonadism might
be considered as a surrogate marker of a greater degree
of kidney dysfunction, which itself is associated with an
increased risk of CV events and mortality, as well as with
an increased risk of all-cause mortality.

Weight  Weight
Study SE LogHR Total Hazard Ratio HR 95%-Cl (fixed) (random)
Carrero et al. 2009 0.90 04415 126 —0—— 247 [1.04;5.87] 60.8% 60.8%
Kyriazis et al. 2011 0.83 0.5494 111 — - 229 [0.78;6.72] 39.2% 39.2%
I

Fixed effect model 237 <—lﬁ|-—=—- 240 [1.22;4.71] 100.0% --
Random effects model —_— 240 [1.22;4.71] - 100.0%
Heterogeneity: 1= 0%, =0, p =0.91 f ' !

0.2 05 1 2 5

Figure 3

Forest plot of serum testosterone and CV events. Association of two categories of serum testosterone with CV events: low vs reference. Hazard ratios with
95% Cls are delineated by squares with horizontal lines; pooled hazard ratios are delineated by diamonds
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As the association between serum testosterone and
kidney function in the general population was investigated
in only one study (26), results should be interpreted with
caution and further studies are needed to replicate the
results. This study reported an increased risk of CKD with
lower serum total testosterone levels (26). However, the
study was conducted in Iran, which could make the results
less generalizable to other ethnic groups. Moreover, this
study only included eGFR based on serum creatinine as an
assessment of kidney function, which mightnotbe the most
optimal assessment of kidney function to investigate the
association of interest because of the potential mediating
role of muscle mass. That is, low serum testosterone is
suggested to negatively affect muscle mass (47, 48, 49), and
decreased muscle mass could decrease the levels of serum
creatinine (50, 51) and therefore increase eGFR based on
serum creatinine. As serum cystatin C is not affected by
muscle mass, the use of serum cystatin C for calculating
eGFR should ideally be considered when investigating the
association between testosterone and kidney function. In
contrast, a recent Mendelian randomization study that
included a European population reported that higher levels
of genetically predicted bioavailable serum testosterone in
men were associated with an increased risk of both CKD
and albuminuria and with lower eGFR based on creatinine
or a combination of creatinine and cystatin C (52). An
explanation for this discrepancy in findings might be
found within the use of serum total testosterone vs serum
bioavailable testosterone. This is supported by the fact that
when total testosterone was included as the exposure in the
Mendelian randomization study instead of bioavailable
testosterone, the significance of all associations disappeared.
Moreover, even though not statistically significant, higher
levels of genetically predicted total testosterone seemed to
be associated with a lower risk of CKD, which is comparable
to the findings of the Iranian study.

Our results suggest that low serum testosterone is
detrimental for kidney function. Our study is however
not sufficient to address the causality of this association,
and it is therefore too early to determine whether
testosterone replacement therapy in men with low serum
testosterone might have a protective effect on the kidney.
Furthermore, testosterone replacement therapy also has
potential adverse effects including an increased risk of CV
events and fluid retention (53, 54, 55, 56, 57, 58). Studies
investigating the effectiveness and safety of testosterone
replacement therapy in patients with CKD or the
association between testosterone replacement therapy
and kidney function are limited (59, 60). Therefore,
intervention studies are necessary to address causality

and to assess the balance between efficacy and safety of
testosterone replacement therapy.

The main strength of our study is that we performed
an extensive literature search in multiple electronic
databases with a limited amount of restrictions in order
to provide an up-to-date and complete overview of the
available literature on the association between serum
testosterone and kidney function and on the association
between serum testosterone and clinical outcomes in
patients with CKD. However, our study also has some
limitations. Despite the extensive literature search, the
number of studies included in this systematic review
and meta-analysis was low. This limited our possibilities
to perform meta-analyses on all associations of interest
and to perform stratification analyses. Furthermore,
even though there were no signs of heterogeneity and
publication bias in our study, we could not completely
rule out their presence due to the low number of included
studies. Different definitions of hypogonadism or
adjustment for different confounders may haveintroduced
heterogeneity. In addition, the included studies are all
observational studies, so the presence of selection and
information bias related to observational study designs
as well as of confounding and reverse causality cannot
be excluded. Finally, all included studies only included
men or only provided results in men, which limits the
generalizability of our findings. The generalizability of
our findings is also limited by the age distribution of the
participants in the included studies. The mean age of the
participants in the studies investigating the association
between testosterone status and clinical outcomes in
CKD patients ranged between 54 and 65 years, and as
testosterone levels decline with age, results might not be
applicable to older populations.

This study shows that the evidence on the association
between serum testosterone and incident CKD is sparse,
with only one study describing an association between
lower testosterone levels and an increased risk of CKD.
Furthermore, investigation of the association of serum
testosterone and clinical outcomes in patients with CKD
revealed an increased risk of CV events and all-cause
mortality with lower serum testosterone levels, although
the number of studies was limited, study characteristics
were heterogeneous, and both kidney function decline
and kidney failure were not investigated as outcomes.
Therefore, future studies are needed to investigate
whether low serum testosterone is actually detrimental
for the kidney and if testosterone replacement therapy
could effectively and safely prevent these detrimental
outcomes.
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