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Abstract

Background Nutritional therapies are effective alternative treatments for male infertility or subfertility. These are cost-
effective and easily implementable, unlike other advanced invasive treatments. Even moderate improvements in sperm quality
could improve spontaneous pregnancy.

Objective We aimed to compare the effectiveness of all nutritional therapies in male infertility/subfertility treatment and
ranked their efficacy based on type and etiology. We intend to aid clinicians with an evidence-based approach to affordable
and safer initial infertility treatment for those who mainly do not wish to have other advanced invasive treatments or could
not afford or have access to them.

Methods We included 69 studies with 94 individual study arms identified from bibliographic databases and registries. We
included studies in adult men with proven infertility or subfertility that investigated nutritional or dietary supplement therapies
compared with control or placebo and at least reported on a sperm parameter. We undertook a network meta-analysis and
performed a pairwise meta-analysis on all sperm parameter outcomes and meta-regression. No language or date restriction
was imposed. A systematic article search was concluded on August 29, 2022.

Results Our network meta-analysis is the first to compare all dietary interventions in a single analysis, sub-grouped by inter-
vention type and type of infertility. L-Carnitine with micronutrients, antioxidants, and several traditional herbal supplements
showed statistically and clinically significant improvement in sperm quality. Meta-regression identified that improvement
in the sperm count, motility and morphology translated into increased pregnancy rates (p < 0.001; p < 0.001; p < 0.002,
respectively). In particular, L-carnitine with micronutrient therapy (risk ratio [RR]: 3.60, 95% CI 1.86, 6.98, p = 0.0002),
followed by zinc (RR 5.39, 95% CI 1.26, 23.04, p = 0.02), significantly improved pregnancy rates. Men with oligozoospermia
(RR 4.89), followed by oligoasthenozoospermia (RR 4.20) and asthenoteratozoospermia (RR 3.53), showed a significant
increase in pregnancy rates.

Conclusion We ranked nutritional therapies for their ability to improve sperm quality in men with infertility. Nutritional
therapies, particularly L-carnitine alone or combined with micronutrients, significantly improved sperm parameters and
pregnancy rates even under severe conditions. We believe these affordable solutions may be valuable for people without
access to or who do not wish to undergo more invasive and costly fertility treatments.
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Male infertility is a serious and increasing problem
worldwide. Advanced surgical procedures have high
personal and financial costs, and the availability of
treatment in underdeveloped countries remains another
source of challenge.

This study overall findings identified that L-carnitine
alone or combined with other supplements significantly
improved sperm quality leading to improved pregnancy
rates. Men with oligozoospermia largely benefited from
treatment and had increased pregnancy rates compared
with men receiving placebo or no treatment.

For men, even with severe conditions (oligoasthenotera-
tozoospermia), nutritional therapies effectively improved
sperm characteristics, sex hormones, and, most impor-
tantly, pregnancy rates.

1 Introduction

Infertility, is defined as the inability of a sexually-potent
couple to conceive after a year of regular intercourse with-
out using contraceptive methods—it occurs in 10-15% of
couples [1, 2]. Despite the absence of reliable figures on
the worldwide rate of infertility [3], it is suggested that fer-
tility issues occur in approximately 60—80 million couples
worldwide [4, 5].

Overall, male factor infertility represents 40-50% of
total infertility [6], with 7% of all men being affected [7].
It can result from a reduction in sperm concentration (oli-
gospermia), motility (asthenospermia), morphology (ter-
atospermia), or a combination of any or all of these [8].
Male factor infertility is diagnosed when a man has sperm
parameters that do not meet the values set by the World
Health Organization (WHO) [9]; semen volume or hormonal
changes are associated with male infertility to a lesser degree
[10]. Indeed, approximately 90% of male factor infertility
can be attributed to changes in the total sperm count [11].

The source of male factor infertility can be broadly classi-
fied into hypothalamic—hypophyseal tract disorders, testicular
diseases, seminal tract disorders, immunological conditions,
and psychosomatic conditions [12]. Varicocele is one of the
leading correctable causes of male infertility [13], both in
general (14.8%) and azoospermic populations (10.9%) [14].
Various modifiable risk factors are identified to impact semen
parameters directly. For example, unhealthy dietary habits and
elevated body mass index (BMI) are associated with a decline
in semen parameters [15], along with tobacco smoking [16],
caffeine intake [17], and alcohol intake [18].
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In recent years, accumulating evidence suggests that healthy
dietary patterns/habits and nutritional modifications are asso-
ciated with improved sperm quality and other sperm-related
parameters, including quantity, concentration, motility, mor-
phology, and DNA fragmentation [19-22]. In this context,
various dietary and nutritional interventions have been inves-
tigated for their efficacy in improving sperm parameters in
infertile men. For example, omega-3 fatty acids combined with
docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA)
improve sperm motility [23]. Coenzyme Q10 (CoQ10) has been
shown to significantly impact semen parameters in infertile men,
with improvement in sperm count, total sperm concentration,
sperm motility, and sperm morphology [24-26], even in men
with oligospermia and asthenozoospermia [27]. Selenium is
an essential element for spermatogenesis [28], and has been
reported to improve oligozoospermia and asthenozoospermia
[27] through an effect on sperm parameters [25]. Meanwhile,
L-carnitine and acetyl-L-carnitine have been shown to have ben-
eficial outcomes on asthenozoospermia [27], resulting in a sig-
nificant increase in sperm motility and morphology [25]. More-
over, various randomized controlled trials (RCTs) have shown
the beneficial effects of supplementation with vitamin C [29,
30], vitamin E [31-33], and vitamin D [34] on pregnancy rates
[32] and semen-related parameters, and a recent meta-analysis
also found significant improvements in both sperm health and
pregnancy rates after antioxidant treatment [35].

Access to in vitro fertilization and other assisted reproduc-
tive technologies is not available worldwide, particularly in
low- and middle-income countries [36]. Even in compara-
tively wealthy countries, significant disparities exist in access
to infertility treatment [37]. Thus, access to information about
safe, effective, and affordable interventions for infertility
would be of immense value. A recent meta-analysis summa-
rized the evidence for drug and nutritional interventions for
male factor infertility [38]. Our study summarizes and ranks
the comparative efficacy of all nutritional interventions in
treating male infertility of different origins or causes. There-
fore, we performed a comprehensive network meta-analysis
to determine the most effective interventions for each subtype
of male factor infertility. This analysis gives doctors and other
health professionals an evidence-based approach to the afford-
able and safe initial treatment of male factor infertility.

2 Methods

2.1 Preferred Reporting Items for Systematic
Reviews and Meta-analyses Guidelines
and Review Registration

This systematic review and network meta-analysis was under-
taken in accordance with the PRISMA Extension Statement
for Reporting of Systematic Reviews Incorporating Network
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Meta-analyses of Health Care Interventions [39] and was
registered in the International Prospective Register of Sys-
tematic Reviews (PROSPERO) under registration number
CRD42020159070.

2.2 Review Question [PICOTS: Population (P),
Intervention (I), Comparison (C), Outcome (0),
Time (T), Study (S)]

The PICOTS for our review were: adult men with subfertility
or infertility (P), dietary interventions or nutritional supple-
ments (I), compare with placebo, no treatment, or other dietary
interventions or nutritional supplements (C), increase sperm
parameters, sperm quality, hormone concentrations, or rates
of pregnancy or live births (O), for two weeks or longer (T) in
randomized, controlled trials (S)?

2.3 Data Sources and Search Strategy

We designed a comprehensive search strategy (Supplementary
Table 1) and modified it for use in PubMed, the Cochrane
Library, Scopus, clinicaltrials.gov, and the WHO clinical trials
database. We had no restrictions on dates or language. The last
search was carried out on 29 August 2022.

2.4 Eligibility Criteria

The criteria for inclusion in the review were: randomized,
controlled trials of two weeks or longer in duration in men
with subfertility or infertility who used dietary changes or
nutritional supplements as an intervention, compared with
other interventions, placebo, or no treatment. The studies had
to report at least one measure of sperm quality or fecundity.
Studies that were not RCTs, did not treat male factor infertility,
used drugs instead of nutritional or dietary interventions, had
an intervention period shorter than two weeks, carried out in
healthy men, and animal models or cell lines, were excluded.

2.5 Study Selection

The search results were uploaded to EPPI-Reviewer Web
[40], where duplicates were removed. All abstracts were then
assigned to MIZ and KEM for double-blind inclusion and
exclusion using the coding assignment function. Disagree-
ments were resolved by consensus. After abstract coding, full
texts of the included articles were obtained and were included
or excluded using EPPI-Reviewer in a double-blind manner
by the same two authors. Disagreements were resolved by
consensus.

2.6 Study Quality

The quality of the included studies was determined by MIZ
and KEM using the Cochrane Collaboration tool for assess-
ing the risk of bias in randomized trials [41]. Disagreements
were resolved by consensus. The risk of bias was assessed in
seven areas: (i) random sequence generation, (ii) allocation
concealment, (iii) blinding of participants and personnel, (iv)
blinding of outcome assessment, (v) incomplete outcome data
(attrition bias), (vi) selective reporting (reporting bias), and
(vii) other bias.

In the network meta-analysis, we assessed bias in our model
with a network funnel plot using the funnel command of net-
meta [42].

2.7 Outcomes

The following outcomes were included in our analysis: preg-
nancy (defined as clinical intrauterine pregnancy, or simply
“pregnancy” if not otherwise stated), live births, sperm count
(defined as n x10°), semen volume (mL), percent of sperm
with normal morphology, percent of motile sperm (total motile
sperm, unless only forward motility data were given), DNA
fragmentation, chromomycin A3 staining, follicular stimulat-
ing hormone (FSH), luteinizing hormone (LH), Inhibin B, and
testosterone.

2.8 Data Extraction

Study characteristics and pre-specified outcomes of interest
were extracted by HJ and checked by KEM. The data were
extracted into a series of spreadsheets specifically designed
for the analysis. If data were available only within figures, we
extracted the data using WebPlotDigitizer [43]. For all stud-
ies, the baseline sperm characteristics were compared with the
WHO normal values, which were used to categorize the type
of infertility. If the men in a study exceeded all WHO normal
values but were still infertile, we assigned them as having idi-
opathic infertility.

2.9 Data Synthesis
2.9.1 Data Conversions
Where data reported outcomes as means and standard

errors, the standard errors were converted to standard
deviations using the equation:

SD =SEM X y/n—1,
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where n is the number in the study arm, data reported as
medians and range or interquartile range were tested for
skewness [44] and, if not skewed, were converted to means
and standard deviations using the models of Luo et al. [45]
and Wan et al. [46], respectively.

2.9.2 Meta-analysis

For meta-analysis of included studies, data were copied
into Review Manager 5.4.1 [47]. Continuous outcomes
were calculated as mean differences with 95% confidence
intervals (Cls) using a random effects, inverse variance
model [48]. Dichotomous outcomes were calculated as
random effects Mantel-Haenszel risk ratios or odds ratios
with 95% CIs. Random effects models were chosen due to
differences in the types of infertility, age, and ethnicity of
the men and other baseline differences, such as BMI and
other comorbidities.

Heterogeneity was calculated using Review Manager
5.4 and was reported as Tau?, Chi%, and I?. Heterogeneity
was interpreted using the I statistic. As suggested by the
Cochrane Handbook for Systematic Reviews of Interven-
tions [49], we interpreted the I? statistic thus: 0 to 40%:
might not be important; 30 to 60%: may represent moder-
ate heterogeneity; 50 to 90%: may represent substantial
heterogeneity; and 75 to 100%: considerable heterogeneity.

The overall consideration of the importance of the cal-
culated heterogeneity involved the I? statistic, along with
other information such as the number of studies, the types
of included studies, and other factors [49].

2.9.3 Meta-regression

We undertook univariate meta-regression of pregnancy
rates using the sperm characteristics (sperm count, sperm
morphology, sperm motility, and semen volume) as covari-
ates, given there were at least 10 studies available. We
undertook multivariate meta-regression of pregnancy
rates using sperm characteristics and type of infertility as
covariates. Multivariate meta-regression was undertaken
only if 10 studies per covariate were available [49]. We
undertook univariate and multivariate meta-regression
using OpenMetaAnalyst with a random-effects model [50].
The 10-study limit was to ensure the outcomes could be
meaningfully interpreted [49].

2.9.4 Network Meta-analysis
Frequentist network meta-analyses of risk ratios with the
function netmetabin and mean differences in interventions

with the function netmeta were performed with the R pack-
age netmeta [42]. We checked for heterogeneity within
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comparisons, quantified with the I” statistic. The direct and
indirect evidence was compared using local and global meth-
ods. We used the netsplit command of netmeta to detect
inconsistency locally by checking for disagreement between
direct and indirect estimates. We used the decomp.design
command of netmeta to detect inconsistency throughout the
network, assuming a full design-by-treatment interaction
random effects model. Heat plots generated by the netheat
command of netmeta are included to visualize hot spots of
inconsistency. Sensitivity analyses were performed on all
interventions where at least three studies reported the out-
come measure. Transitivity was assessed via the geometry
of the networks of the four outcomes. Visualizations of the
data from these analyses were done using the R packages
netmeta, and ggplot2 [51]. League tables were created using
the R package netmeta. We ranked the interventions in order
of most to least efficacious using the surface under the cumu-
lative ranking (SUCRA) curve [52] and visualized these as
forest plots and SUCRA curves.

2.9.5 Sensitivity and Subgroup Analyses

We planned subgroup analyses a priori by dietary advice
versus provision of the intervention (e.g., foods, supple-
ments, and beverages), the type of dietary intervention or
supplement, the age of the participants, the baseline sperm
count, the baseline BMI or body weight, the baseline gly-
cemic markers (e.g., fasting blood glucose, diabetes status),
baseline inflammatory markers (e.g., C reactive protein
[CRP], erythrocyte sedimentation rate, a— 1 antitrypsin,
tumor necrosis factor alpha-receptor type II, etc.), ethnic-
ity, high quality versus low quality studies, and concomitant
medication.

Where standard deviations were imputed, sensitivity
analysis was done by removing these studies and observing
the effect this had on the effect sizes or risk ratios, along
with the 95% Cls.

2.9.6 Clinical Relevance

The WHO published reference values for human semen
characteristics in 2010 [53]. According to this publication,
healthy, fertile men have the following sperm values; semen
volume: >2 mL; sperm concentration: >20 million per mL;
motility: >50% motile; morphologically normal forms:
>15%. In infertile men, it has been shown that a motile
sperm count of 5 million/mL can significantly increase preg-
nancy rates, based on the findings of Bostofte et al. [54].

2.10 Presentation and Interpretation of Findings

We presented the findings of our pairwise meta-analysis as
forest plots using Review Manager 5.4 [47]. The outcomes
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of the meta-analyses and network meta-analyses are pre-
sented as GRADE tables [55] using the template for con-
tinuous outcomes given in Yepes-Nufiez 2019 [56]. The
results are discussed with respect to GRADE evaluations of
certainty throughout the results section.

3 Results
3.1 Included Studies

We received 8649 citations, of which 7425 were duplicates.
We reviewed the remaining 1224 citations at the title and

abstract level using EPPI-Reviewer Web with double-blind
coding. This resulted in 112 full texts. These were obtained
and submitted to double-blind coding as above. We excluded
43 full texts, leaving 69 included articles with 94 different
study arms (Fig. 1).

3.2 Study Characteristics

The studies (Supplementary Table 2) ran for 1-18 months
and included as dietary interventions antioxidants, carob,
coenzyme Q10, folic acid, L-carnitine, myoinositol, cysteine,
fatty acids, herb and mineral supplements, saffron, selenium,
spirulina, vitamin C, vitamin D, vitamin E, calcium, zinc

Fig.1 PRISMA Flow diagram.
Of 8649 records identified

Identification of studies via databases and registers ]

from databases and registers,

Records removed before
screening:
Duplicate records removed (n

= 7425)

Records marked as ineligible
by automation tools (n = 0)
Records removed for other
reasons (n = 0)

Records excluded**
(n=1112)

Reports not retrieved
(n=0)

7425 were duplicates. The )
remaining 1224 records were
screened at the title and abstract c
level, which excluded a further g Records identified from*:
1112 records. The remaining & _ ’
112 reports were obtained and 'g Datqbases (n = 8480)
subjected to the inclusion and s Registers (n = 169)
exclusion criteria. Of these, o
69 studies including 94 study
arms were included in the final
review — l
)
Records screened
(n=1224)
Reports sought for retrieval
g’ (n=112)
: i
(/2]
Reports assessed for eligibility
(n=112)
—J

Studies included in review
(n=69)

Reports of included studies
(n=94)

Reports excluded: (n = 43)
No control (n = 4)

Conference abstract — no data
(n=11)

Wrong study design (n = 15)
Wrong intervention (n = 5)
Wrong population (n = 4)
Wrong outcome (n = 2)
Review article (n = 2)
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and micronutrient and other dietary mixed supplements. The
vast majority of studies used a placebo as a control, with
10 studies (12 study arms) using no treatment as a control.
In terms of active control studies, one study compared two
commercial fertility supplements, one compared traditional
honey with a herbal extract, one study compared walnuts
with a micronutrient supplement, two studies used vitamin
E as a control, and three studies used a combination of vita-
min E and vitamin C as a control. Study sizes varied widely,
from 8 participants to 1185 participants in the intervention
groups. Studies were conducted in many countries repre-
senting major cultural and ethnic groups. Most studies were
published in English, but our analysis included Russian,
Mandarin, and Farsi studies. These were translated with the
help of native speakers.

The men in the studies were aged 18—61 years and pre-
sented with asthenoteratozoospermia, asthenozoospermia,
hypogonadotropic hypogonadism, idiopathic infertility (all
sperm parameters exceeded the WHO normal thresholds),
oligoasthenoteratozoospermia, oligoasthenozoospermia, oli-
gozoospermia, teratozoospermia, varicocele (grades 1-5),
and varicocelectomy. Body weight and BMI were only rarely
reported, but the mean BMI ranged from 21.5 to 28.0.

3.3 Quality of Included Studies

The quality of the included studies was generally good or
unclear (Supplementary Fig. 1). Many studies did not report
on the method of randomization or if allocation concealment
or outcome assessors were blinded. Most studies did not
publish a protocol prior to the trial, and it was thus impos-
sible to determine if all measured outcomes were reported.
However, most studies were blinded, at least to participants,
and most were not funded by pharmaceutical companies or
other industries.

3.4 Quality of the Network

We used the back-calculation method to split the indirect
evidence from direct evidence in order to test for local
inconsistency within the network. No local inconsistencies
were found in any of the networks, which is consistent with
our expectations after inspection of the network geometry.
Global consistency was tested using a full design-by-treat-
ment interaction model [57]. While the value of the Q sta-
tistic is considerably smaller in the morphology and volume
networks; significant between-design inconsistency is indi-
cated in the count and motility networks. For the volume and
pregnancy networks, which contained only two designs, a
between-design Q statistic was not calculated.

Inspection of network heat plots indicates much higher
inconsistency under a common (fixed) effects model, sup-
porting our use of random effects. The heat plot for the
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pregnancy network did not show significant inconsistency
(Supplementary Fig. 2). In the sperm count network, the evi-
dence contributed by comparing L-carnitine to placebo (and
to a lesser extent, Herbal supplement to placebo and Vitamin
E to Herbal supplement) for the estimation of Vitamin E to
L-carnitine is inconsistent (Supplementary Fig. 3). In the
motility network, the evidence contributed by comparing
Vitamin C + Vitamin E to L-carnitine for estimating Vitamin
C + Vitamin E to placebo is inconsistent (Supplementary
Fig. 4). Inspection of the heat plots for sperm morphology
(Supplementary Fig. 5) and semen volume (Supplementary
Fig. 6) did not show significant inconsistency.

Treatments were ordered by the number of studies per
treatment from fewest to most. The funnel plots for the con-
tinuous outcomes: sperm count (Supplementary Fig. 7),
sperm motility (Supplementary Fig. 8), sperm morphology
(Supplementary Fig. 9), and semen volume (Supplemen-
tary Fig. 10) appear symmetrical upon inspection and do
not indicate bias. This is supported by non-significant results
from Egger’s test for regression (0.5951, 0.8586, 0.3230, and
0.5077, respectively) [58]. A funnel plot to test for asymme-
try in the pregnancy network was not included, as according
to the Cochrane handbook, funnel plots have been exten-
sively studied for odds ratios, but not for risk ratios and risk
differences [59].

3.5 Fecundity

Network meta-analysis: The pregnancy rates were reported
by 22 studies (28 study arms). The geometry of the net-
work (Fig. 2a,) highlights that most studies used placebo/
no intervention as the control. Two studies used Vitamin
E plus Vitamin C as a control [60, 61], and one study used
Vitamin E alone [25]. The network meta-analysis shows
that although all but one intervention numerically increased
the chance of pregnancy, only L-carnitine + micronutrients
reached statistical significance (Fig. 2b, Supplementary
Fig. 11, Supplementary Tables 3—4). The certainty of the
evidence was mostly very low; L-carnitine + micronutrients
and L-carnitine/L-acetyl carnitine were the only interventions
that achieved a moderate rating for certainty.
Meta-analysis: The number of events was low; thus, few
interventions reached statistical significance (Fig. 3). Over-
all, L-carnitine + micronutrients and zinc were the only
interventions that significantly increased the pregnancy rate
during the study periods (risk ratio [RR] 3.60, 95% CI 1.86,
6.98, p = 0.0002; RR 5.39, 95% CI 1.26, 23.04, p = 0.02,
respectively). However, all intervention groups except zinc
+ folic acid numerically increased the pregnancy rate. An
increase in the number of studies could see one or more of
these other interventions become statistically significant.
A different picture emerges when the studies are grouped
by type of infertility (Supplementary Fig. 12). The largest
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Fig.2 Network diagram (a) and results of the network meta-analysis (b) for rate of pregnancy, given as risk ratios with 95% Cis. CI confidence

intervals, RR risk ratio

increase in pregnancy rates compared with placebo/no treat-
ment were seen in men with oligozoospermia (RR: 4.89;
95% CI: 1.48, 16.17; p = 0.009). The two studies in this
group used zinc [62] and a commercial fertility product con-
taining herbs and minerals (Y virilin) [63]. Other groups that
experienced a large increase in the rate of pregnancies were
men with oligoasthenozoospermia (RR: 4.20; 95% CI 1.13,
15.58; p = 0.03) and asthenoteratozoospermia (RR: 3.53;
95% CI 1.59, 7.86; p = 0,002).

The rate of live births was reported by only five stud-
ies, each using a different intervention (Supplementary
Fig. 13, Supplementary Table 5). Although all studies
except Schisterman 2020 reported a numerical increase in
the rate of live births (with folic acid + zinc, and calcium +
vitamin D3 treatments having “high” and “moderate” rat-
ings, respectively, for certainty of the evidence [Supplemen-
tary Table 5]) no studies showed a statistically significant
increase in the rate of live births compared with placebo/
no treatment.

3.6 Sperm Count

Network meta-analysis: The geometry of the network
(Fig. 4a) highlights that most studies used placebo/no inter-
vention as the control. Two studies used a fertility supple-
ment as a comparator [64, 65], one study used a combination
of vitamin C + vitamin E as a comparator [60], one used a
herbal supplement [66], and one study used vitamin E as a
comparator [67].

Overall, the network meta-analysis showed that the
most effective interventions were the L-carnitine-con-
taining micronutrient and antioxidant supplements (TDS,
FDC, Proxeed Plus) (Fig. 5a, Supplementary Fig. 14,

Supplementary Tables 6—7). Most of these interventions,
however, were graded as very low or low in terms of cer-
tainty of evidence. Other treatments that cause a statisti-
cally significant increase in sperm count were EPA + DHA,
herbal supplements (Manix, Y Virilin, Withania somnifera),
L-carnitine + L-acetylcarnitine, N-acetyl cysteine, Nigella
sativa seeds oil, Prelox, selenium, Tulang honey, and vita-
min C.

Meta-analysis: Seventy-nine study arms were subjected
to pairwise subgroup meta-analysis by type of dietary inter-
vention (Supplementary Fig. 15). The analysis results show
that the most effective interventions were herbal/mineral
supplements, L-carnitine + micronutrients, antioxidants,
and Selenium supplements. The herbal/mineral supplements
increased the sperm concentration to a clinically important
extent (MD: 14.45; 95% CI: 8.77, 20.14, p < 0.00001) [63,
68, 69]. When the studies were limited to men who had
WHO-defined oligozoospermia (i.e., oligozoospermia, oli-
goasthenozoospermia, and oligoasthenoteratozoospermia),
two interventions increased sperm count to normal ranges
(Supplementary Fig. 16). These were herbal/mineral supple-
ments and L-carnitine 4+ micronutrients.

Analysis of all studies sub-grouped by type of infertility
(Supplementary Fig. 17) showed that the type of infertility
influenced the results of the dietary interventions. Men who
had undergone varicocelectomy and took a nutritional inter-
vention showed the greatest improvement in sperm count
over those who had a varicocelectomy but were assigned to
placebo or no treatment (MD: 12.50; 95% CI: 8.45, 16.54,
p < 0.00001). In contrast, men with grade 4 or 5 varicocele
and men with hypogonadotropic hypogonadism showed lit-
tle or no improvement in their sperm count compared with
placebo.
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placebo or no treatment, by 3.22 Co-enzymes
. A Balercia 2009 6 28 1 27 100.0% 5.79[0.74, 44.94] T
type of intervention. Data were Subtotal (95% CI) 28 27 100.0% 5.79 [0.74, 44.94]
. Total events 6 1
meta-analyzed using a Mantel- Heterogeneity: Not applicable
Haenszel method and a random Test for overall effect: Z = 1.68 (P = 0.09)
effects model. Data ShOW risk 3.2.3 Herb/mineral supplements
X . Rege 1997 4 20 1 20 100.0% 4.00[0.49, 32.72] —
ratios with 95% confidence Subtotal (95% CI) 20 20 100.0% 4.00 [0.49, 32.72] —
. Total events 4 1
intervals (CIs) Heterogeneity: Not applicable

Test for overall effect: Z = 1.29 (P = 0.20)

3.2.4 L-carnitine + micronutrients

Bozhedomov 2021-1 6 46 2 42 18.4% 2.7410.58, 12.84] —
Busetto 2017-combined 10 45 2 49  20.5% 5.44 [1.26, 23.52]

Gamidov 2019 13 60 1 20 11.3% 4.33[0.60, 31.07] -
Gopinath 2013 comb. 13 89 2 36 21.2% 2.63[0.62, 11.07] I
Kopets 2020 10 42 2 41 20.7% 4.88[1.14, 20.93]

Tsounapi 2018-1 2 45 1 42 7.9% 1.87[0.18, 19.84] —
Subtotal (95% CI) 327 230 100.0% 3.60 [1.86, 6.98]

Total events 54

Heterogeneity: Tau? = 0.00; Chi? = 1.11, df = 5 (P = 0.95); I> = 0%
Test for overall effect: Z = 3.79 (P = 0.0002)

3.2.5 L-carnitine/L-acetylcarnitine

PN B

Balercia 2005 comb. 9 45 3 15 25.4% 1.00[0.31, 3.22] —t
Cavallini 2004 22 101 2 118 22.9% 12.85[3.10, 53.32]

Haje 2015 4 20 6 29 25.8% 0.97[0.31, 2.99] -
Sigman 2006 1 12 1 9 13.2% 0.75 [0.05, 10.44] T
Tsounapi 2018-2 1 44 1 42 12.6% 0.95 [0.06, 14.77] —
Subtotal (95% CI) 222 213 100.0% 1.70 [0.49, 5.87] il
Total events 37 13

Heterogeneity: Tau? = 1.21; Chi® = 11.71, df = 4 (P = 0.02); I> = 66%
Test for overall effect: Z = 0.84 (P = 0.40)

3.2.6 Micronutrient supplement

Korosi 2017 11 22 o 13 100.0%  14.00 [0.89, 219.52] 1
Subtotal (95% CI) 22 13 100.0% 14.00 [0.89, 219.52]
Total events 11 0

Heterogeneity: Not applicable
Test for overall effect: Z = 1.88 (P = 0.06)

3.2.7 Selenium

Scott 1998-1& 2 comb. 5 46 o 18 100.0% 4.45 [0.26, 76.54] I
Subtotal (95% CI) 46 18 100.0% 4.45 [0.26, 76.54] e
Total events 5 0

Heterogeneity: Not applicable
Test for overall effect: Z = 1.03 (P = 0.30)

ﬁﬁﬁH,

3.2.8 Zinc
Omu 1998 11 49 2 48 100.0% 5.39[1.26, 23.04]
Subtotal (95% CI) 49 48 100.0% 9 [1.26, 23.04]
Total events 11 2
Heterogeneity: Not applicable
Test for overall effect: Z = 2.27 (P = 0.02)
3.2.9 Omega-3 fatty acids
Bozhedomov 2021-2 6 45 2 42 100.0% 2.80[0.60, 13.11] I
Subtotal (95% CI) 45 42 100.0% 2.80[0.60, 13.11] -
Total events 6 2
Heterogeneity: Not applicable
Test for overall effect: Z = 1.31 (P = 0.19)
3.2.10 Zinc+folic acid
Schisterman 2020 449 1185 462 1185 100.0% 0.97 [0.88, 1.08] !
Subtotal (95% CI) 1185 1185 100.0% 7 [0.88, 1.08]
Total events 449 462
Heterogeneity: Not applicable
Test for overall effect: Z = 0.55 (P = 0.58)
3.2.11 Vitamins
da Silva 2013 1 23 0 26 44.1% 3.38[0.14, 79.00] —_—
Suleiman 1996 11 52 o 35 55.9% 15.62[0.95, 256.81] —————
Subtotal (95% CI) 75 61 100.0% 7.95 [0.98, 64.50] |~ —
Total events 12 0
Heterogeneity: Tau? = 0.00; Chi? = 0.56, df = 1 (P = 0.45); I> = 0%
Test for overall effect: Z = 1.94 (P = 0.05)
3.2.12 Herb/mineral supp. vs Vit E
Tijani 2008 2 35 1 20 100.0%  1.14[0.11,11.83] i
Subtotal (95% CI) 35 20 100.0% 1.14 [0.11, 11.83]
Total events 2 1
Heterogeneity: Not applicable
Test for overall effect: Z = 0.11 (P = 0.91)
3.2.13 L-carnitine vs Vit C/E
Li 2005 10 85 2 53 100.0%  3.12[0.71, 13.68] ft
Subtotal (95% CI) 85 53 100.0% 3.12[0.71, 13.68] -1
Total events 10 2
Heterogeneity: Not applicable
Test for overall effect: Z = 1.51 (P = 0.13)
3.2.14 Vit D3+Ca vs Vit C/E
Deng 2014 7 43 1 43 100.0% 7.00 [0.90, 54.50] i
Subtotal (95% CI) 43 43 100.0% 7.00 [0.90, 54.50]
Total events 7 1
Heterogeneity: Not applicable
Test for overall effect: Z = 1.86 (P = 0.06)
0.001 0.1 10 1000

Favour; control Favours intervention
Test for subgroup differences: Chi> = 40.58, df = 13 (P = 0.0001), I> = 68.0%
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3.7 Sperm Motility

Network meta-analysis: The network for sperm motility was
similarly dominated by comparisons with placebo or no
treatment (Fig. 4b). The non-placebo controls were fertility
supplements [64, 65], a herbal supplement [66], vitamin E
[67, 70], and vitamin C + vitamin E [60, 61, 71].L-arginine-
and L-carnitine-containing supplements, along with herbal
supplements and traditional honey, were the most efficacious
treatments for improving sperm motility (Fig. 5b, Supple-
mentary Fig. 18, Supplementary Tables 8-9). These changes
were statistically but also clinically significant in several
cases. The certainty of the evidence for most interventions
was low or very low, given that most were represented by
a single study. However, there is a high level of certainty
that L-carnitine improves sperm motility (MD 8.92%; 95%
CI 5.55% to 12.28%), and a moderate level of certainty
that selenium and L-carnitine + L-acetylcarnitine are also
effective.

Meta-analysis: Seventy-nine study arms were included
in the pairwise analysis of sperm motility by type of dietary
intervention (Supplementary Fig. 19). The intervention
that resulted in the greatest improvement in motility was
L-carnitine + micronutrients (MD: 11.05%; 95% CI 5.68%,
16.41%; p < 0.0001). Other interventions that saw statisti-
cally significant increases in sperm motility were antioxi-
dants, L-carnitine/L-acetylcarnitine, Selenium supplements,
omega-3 fatty acids, and vitamins. When the analysis was
limited to men with low sperm motility (i.e., asthenozoo-
spermia, asthenoteratozoospermia, oligoasthenozoospermia,
oligoasthenoteratozoospermia) (Supplementary Fig. 20),
L-carnitine + micronutrients continued to be the most effec-
tive intervention for increasing sperm motility (MD 12.32%;
95% C16.77%, 17.87%; p < 0.0001). In contrast to the over-
all analysis, antioxidants were not effective in increasing
sperm motility in men with low sperm motility at baseline,
and omega-3 fatty acids were slightly less effective than in
the overall analysis. L-carnitine/L-acetylcarnitine, selenium,

A\ Adis



540 M. 1. Zafar et al.

a Comparison: other vs 'Placebo/no treatment’ :
Treatment (Random Effects Model) MD 95%=Cl Comparison: other vs 'Placebo/no treatment'

Treatment (Random Effects Model) MD 95%~Cl
TDS — 34.70 [19.04;50.36]
Walnuts — 8% 3200 [-12.17; 76.35] Prelox ———%——— 2376 [ 7.49;40.03]
FDC + zinc high dose e 1731 [ 9.67; 24.95] Profertil —— 20.00 [11.25;28.75]
FDC + zinc low dose — 15.80 [ 8.45;23.15] Herbal supplement —— 15.26 [ 8.42;22.09]
Fertilty supplement ———&——— 2559 [-10.30; 61.48] DS —&— 1470 [ 4.23,25.17)
Tulang honey —s— 1743 [ 2.05:32.82) FDC + zinc high dose — 1329 [ 3.92;22.66]
Nigella sativa seed oil —E— 17.30 [ 2.54;32.06] Spermaktin forte . 14.50 [-1.86; 30.86]
Prelox —- 14.48 [ 6.48;22.48] Tulang honey —— 13.56 [ 0.67;26.44]
EPA+DHA — 1250 [ 6.13;18.87] FDC + zinc low dose —— 11.72 [ 2.62;20.82]
Vitamin C - 1350 [ 2.82;24.18] Walnuts ——®————  14.30 [-6.90; 35.50]
Herbal supplement : 3 11.33 [ 6.26; 16.41] L-carnitine - 8.92 [ 5.55;12.28]
Addyzoa - 9.70 [-4.66; 24.06] Vitamin C —a—— 9.60 [-1.07;20.27]
N-acetyl cysteine E 3 7.00 [ 1.87;12.14] EPA+DHA —— 8.80 [-1.89; 19.49]
Proxeed Plus [ 6.81 [ 0.19;13.43] Nigella sativa seed oil —— 8.09 [-1.67;17.85]
Folic acid i 7.01 [-0.35; 14.36] Selenium —— 742 [ 1.64;13.21]
Selenium : 3 6.33 [ 1.89;10.78] L-acetylcarnitine —— 7.84 [-1.88;17.56]
Myoinositol L 5.60 [-0.78;11.98] ALA - 5.94 [-1.26;13.15]
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Vitamin E + Selenium + folic acid —t+— 543 [-8.18; 19.04] N-acetyl cysteine | g 452 [-2.40; 11.45)
BESTFertil —E— 490 [-8.44;18.24] Myoinositol HE— 430 [-5.17;13.77)
DHA + FsV - 3.78 [-1.61; 9.17] DHA +FSV e 431 [-1.29; 9.90]
Spermaktin forte —E— 4.09 [-13.72; 21.90] Proxeed Plus b 4.22 [-2.07;10.51]
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«Fig.5 Results of the network meta-analyses. Changes in sperm count
(a), sperm motility (b), sperm morphology (c), and semen volume (d)
compared with placebo are given as mean differences with 95% con-
fidence intervals (Cls). DHA docosahexaenoic acid, EPA eicosapen-
taenoic acid

and vitamins increased sperm motility compared with the
overall analysis.

When sub-grouped by type of infertility, differences were
apparent (Supplementary Fig. 21). Dietary interventions
improved the motility of sperm in men with all forms of
infertility except varicocele (any grade), hypogonadotropic
hypogonadism, and teratozoospermia. The group that saw
the greatest improvement in sperm motility compared with
placebo or no treatment was men with oligozoospermia.

3.8 Sperm Morphology

Network meta-analysis: The evidence base for change in per-
cent normal sperm morphology (Fig. 4c) was based mostly
on comparisons with placebo or no treatment. Active con-
trols included fertility supplements [64, 65], a herbal sup-
plement [66], vitamin E [70, 72], and vitamin C + vitamin
E [67]. The greatest changes in normal sperm morphology
were seen with traditional honey (Tulang honey) and a
herbal supplement (Manix capsules) (Fig. 5c, Supplemen-
tary Fig. 22, Supplementary Tables 10-11). However, it
should be noted that each of these interventions was repre-
sented by a single study, so confidence in these effect sizes
is low. L-carnitine + L-acetylcarnitine, EPA+DHA, N-acetyl
cysteine, and selenium significantly increased the percent
of normal sperm morphology with a moderate degree of
certainty.

Meta-analysis: Sixty-four study arms reported on the
effects of dietary interventions on sperm morphology
(Supplementary Fig. 23). The most robust improvement
in percent of sperm with normal morphology was with
L-carnitine/L-acetylcarnitine (MD: 4.48%; 95% CI: 2.16%,
6.80%; p = 0.0002). Other statistically significant improve-
ments in normal sperm morphology were seen in men taking
antioxidants (MD: 3.24, 95% CI 0.86, 5.63, p < 0.00001),
Selenium (MD: 2.05, 95% CI 1.52, 2.58, p < 0.00001), and
magnesium (MD: 14.40, 95% CI 2.39, 26.41, p = 0.02).
None of the other interventions significantly improved sperm
morphology compared with placebo or no treatment. An
analysis of studies in men with teratozoospermia, increases
in the percent of normal sperm was less impressive but
significant (Supplementary Fig. 24), interventions like
L-carnitine/L-acetylcarnitine (MD: 2.14, 95% CI 1.40, 2.88,
p < 0.00001), Selenium (MD: 2.05,95% CI 1.52,2.58, p <
0.00001), and coenzymes (MD: 0.78, 95% CI 0.30, 1.26, p
= 0.001) were statistically more effective than placebo or
no treatment.

When sub-grouped by type of infertility, significant dif-
ferences emerged (Supplementary Fig. 25). The nutritional
therapies, compared with placebo or no treatment, improved
the percent of sperm with normal morphology in men asthe-
noteratozoospermia (MD: 1.12, 95% CI 0.23, 2.02, p =
0.01), varicocele grades 1 to 3 (p < 0.05), oligozoospermia
(MD: 14.40, 95% CI1 2.39, 26.41, p = 0.02), and varicocelec-
tomy (MD: 4.19, 95% CI 2.31, 6.08, p < 0.0001).

3.9 Semen Volume

Network meta-analysis: The geometry of the network
shows that placebo/no treatment dominated the compara-
tors. Indeed, only a single study used an active comparator
(herbal supplement vs vitamin E) [70] (Fig. 4d). The lack of
direct connection makes evaluation of consistency difficult,
and as such, the results should be interpreted with caution.

The dietary supplement Prelox (L-arginine and antioxi-
dants) and Nigella sativa seed oil were the most effective
interventions for increasing semen volume (Fig. 5d, Sup-
plementary Fig. 26, Supplementary Tables 12—-13), although
each of these interventions was represented by a single
study. Other interventions, including N-acetyl cysteine,
selenium, DHA 1500-2000 mg, and herbal supplements,
were statistically superior to placebo. Interestingly, however,
close to half the interventions ranked below placebo for this
outcome, suggesting that heterogeneity was high for this
outcome.

Meta-analysis: Forty-four study arms were included in
the pairwise analysis of semen volume by type of dietary
intervention (Supplementary Fig. 27). The greatest increase
in semen volume was seen in men taking antioxidants (MD:
0.74 mL; 95% CI 0.39 mL, 1.10 mL; p < 0.00001). Other
statistically significant increases were seen in men taking
herbal/mineral supplements and Selenium supplements.
When sub-grouped by type of infertility (Supplementary
Fig. 28), increases in semen volume compared with placebo
or no treatment were only seen in men with asthenoterato-
zoospermia (MD: 0.35, 95% C10.03, 0.67, p = 0.03), grade
2 varicocele (MD: 0.80, 95% CI 0.12, 1.48, p = 0.02), and
oligozoospermia (MD: 0.45,95% CI 0.18, 0.72, p = 0.001).
However, it should be noted that few, if any, studies were
undertaken in men with semen volume that did not meet the
WHO normal value of 2 mL.

3.10 Sperm DNA and Chromosomal Integrity

Twelve studies (17 study arms) reported DNA fragmenta-
tion (Supplementary Fig. 29). Vitamin/mineral combinations
were the only interventions that significantly improved DNA
fragmentation (MD: 0.13, 95% CI 0.03, 0.23, p = 0.008).
Two studies (six study arms) reported protamine levels
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through chromomycin A; staining (Supplementary Fig. 30).
The interventions included vitamins (folic acid), minerals
(zinc), and vitamin/mineral combinations (zinc + folic acid).
The limited data suggest that both folic acid and zinc may be
effective in reducing protamine deficiency, as the reductions
in chromomycin A; staining were similar for zinc for three
intervention types.

3.11 Hormones

The concentration of follicle-stimulating hormone (FSH)
was reported by 13 studies (16 study arms) (Supplemen-
tary Fig. 31). Several interventions reduced FSH to a sta-
tistically significant degree; these were antioxidants (MD:
—0.70, 95% CI —1.02, —0.38, p < 0.0001), coenzymes
(MD: -3.30, 95% CI —5.06, —1.53, p = 0.0002), L-carni-
tine + micronutrients (MD: —2.50, 95% CI —3.97, —1.03,
p = 0.0009), L-carnitine/L-acetylcarnitine (MD: —1.76,
95% CI —3.06, —0.46, p = 0.008), Selenium (MD: —0.85,
95% CI —1.14, —0.55, p < 0.00001), and omega-3 fatty
acids (MD: —1.20, 95% CI —1.78, —0.62, p < 0.0001).
Mixed results were found for luteinizing hormone (LH)
(Supplementary Fig. 32). Of all the interventions, lim-
ited data suggest that L-carnitine + micronutrients (MD:
—2.50, 95% CI -3.97, —1,03, p = 0.0009), coenzymes
(MD: -3.75, 95% CI —4.21, -3.28, p < 0.00001), and
omega-3 fatty acids (MD: —1.20, 95% CI —1.78, —0.62, p
< 0.0001) may lower LH concentrations, while other inter-
ventions resulted in no difference or an increase in LH. Of
the six studies (eight study arms) that reported on inhi-
bin B (Supplementary Fig. 33), the antioxidant N-acetyl
cysteine, selenium, and myoinositol increased inhibin
B concentrations, but data were limited. Thirteen stud-
ies (16 study arms) reported testosterone concentrations
(Supplementary Fig. 34). The antioxidant (MD: 2.70, 95%
CI10.63,4.77, p = 0.01), coenzymes (MD: 1.11, 95% CI
0.20, 2.01, p = 0.02), L-carnitine + micronutrients (MD:
2.69, 95% CI 2.20, 3.18, p < 0.00001), L-carnitine/L-ace-
tylcarnitine (MD: 0.84, 95% CI 0.29, 1.38, p = 0.003), and
minerals (MD: 2.22, 95% CI 1.31, 3.14, p < 0.00001) all
significantly increased testosterone concentrations com-
pared with placebo or no treatment.

3.12 Adverse Events

Very few studies reported the rates of adverse events (Sup-
plementary Fig. 35). Of these, only a single study reported
adverse events that were statistically significant (Safarine-
jad 2010). It is, therefore, difficult to draw any conclusions
on the comparative safety of the interventions.

3.13 Meta-regression

The correlation between the rate of pregnancy and change
in sperm characteristics is given in Table 1. We found that
increases in sperm count, normal morphology, and motil-
ity, but not semen volume, were significantly correlated
with increases in pregnancy. In our data, for each increase
in sperm count of 1x10°, a 6% increase in pregnancy was
observed. Similar statistically significant effects were seen
with increases in normal morphology (14.7% increase in
pregnancy for each% increase in normal morphology) and
motility (8.3% increase in pregnancy for each% increase
in motility), but not with semen volume.

To determine if this increase in pregnancy differed
across types of infertility, we did a multivariate meta-
regression by sperm parameter and type of infertility
(Supplementary Tables 14—16). The pregnancy rate was
not associated with different types of infertility (Supple-
mentary Table 14) when changes in sperm count were
accounted for. An increase in sperm count had the same
effect on pregnancy outcomes regardless of the cause or
severity of infertility. Similar results were seen with per-
cent normal morphology and percent motile sperm (Sup-
plementary Tables 15-16). This suggests that increases in
sperm count, normal morphology, and/or motility are rea-
sonable pseudo-endpoints for increases in pregnancy rates.

3.14 Subgroup Meta-analysis and Publication Bias

We intended to undertake subgroup analyses by dietary
advice versus provision of the intervention (e.g., foods,
supplements, beverages), the type of dietary intervention or
supplement, the age of the participants, the baseline BMI

Table 1 Meta-regression on the correlation between changes in sperm parameters and rate of pregnancy

Covariate Studies Coefficient Lower CI Upper CI p value
Sperm count (x 10%) 19 0.060 0.034 0.086 < 0.001
Sperm motility (%) 19 0.083 0.040 0.125 < 0.001
Normal morphology (%) 15 0.147 0.054 0.241 0.002
Semen volume (mL) 10 0.828 —1.607 3.263 0.505

Bold values indicate statistical significance (p < 0.05)

CI confidence interval
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or body weight, the baseline glycemic markers (e.g. fast-
ing blood glucose, diabetes status), baseline inflammatory
markers (e.g., C reactive protein (CRP), erythrocyte sedi-
mentation rate, o-1 antitrypsin, and tumor necrosis factor
alpha-receptor type II, etc.), ethnicity, high quality versus
low quality studies, and concomitant medication. However,
insufficient information was available to make these analyses
meaningful.

4 Discussion

Our systematic review is the only network meta-analysis on
this topic and the first to undertake such a comprehensive
analysis, as previous meta-analyses used only observational
studies [21], included a mixture of drugs and supplements
[38], and did not directly compare interventions [25], or
focused on a single nutrient or group of nutrients [23, 24,
35, 73-76].

Although many male factor infertility studies have
focused on sperm number, quality, and hormone concentra-
tions, it was previously unclear if baseline sperm quality is
a good predictor of an improvement in pregnancies and live
births—the outcomes of interest for patients. The existing
studies conflict with one another [54, 77-82].

However, it does appear that improvement in sperm
characteristics improves pregnancy rates. For example, fol-
lowing antegrade sclerotherapy of internal spermatic veins,
improvement in sperm count, motility improved, and preg-
nancy rates were high (37.4%) [83]. After varicocele repair,
mean sperm concentration and motile sperm increased, and
pregnancy rates were also high (up to 51.1%) [84]. An RCT
of prednisolone found both increased sperm motility and
pregnancy [85]. Finally, an RCT of clomiphene citrate in
oligospermia men found both an improvement in sperm
volume, density and motility, and pregnancy [86]. Thus,
although sperm parameters do not correlate well with preg-
nancy, improvements in sperm number and quality do seem
to improve pregnancy rates.

In our analysis, sperm count, motility, and normal mor-
phology were improved in men taking L-carnitine-containing
supplements, several traditional foods/supplements, and
antioxidants. Semen volume was only improved by seed
oils, fertility supplements, selenium, and antioxidants. Thus,
nutritional supplementation can and does improve sperm
characteristics to both statistically and clinically significant
degrees.

In our meta-regression, we found a strong correlation
between increases in sperm count, sperm motility and nor-
mal morphology, but not semen volume, and associated
increases in the rate of pregnancies during the follow-up

periods of the studies. Our meta-regression analyses fur-
ther showed that this association held, regardless of the type
of infertility the men suffered from. That is, the increase
in sperm characteristics improves the pregnancy rate and
shows that each of these characteristics is an appropriate
pseudo-endpoint for an increase in pregnancy rates. It also
demonstrates that in men with grade 1-3 varicocele, sperm
parameters can be improved but not in men with grade 4-5
varicocele. Men with high-grade varicocele and low sperm
count should be referred for varicocelectomy.

In order to determine whether other factors, such as hor-
mones or sperm integrity increase pregnancies, many more
studies would be required to measure these factors and fol-
low patients over a period of at least 6 months.

4.1 Limitations

Despite including a large number of studies (n = 69) with
an even larger number of study arms (n = 94), we found low
confidence in the relative rankings of many of the included
interventions. This was in part because of the comprehen-
sive nature of our study; we included men with any kind of
infertility and dietary interventions of any kind. Therefore,
the number of studies per type of infertility and interven-
tion was small, the studies were sometimes of low quality,
and the studies often had few participants. We hope that
this network meta-analysis will encourage researchers to
conduct targeted, large, high-quality studies to confirm and
strengthen our analysis.

4.2 Implications and Conclusion

Our data show that nutritional interventions can improve
sperm characteristics, sex hormones, and, most importantly,
pregnancy rates for many men with low fertility. Even for
men with severe conditions such as oligoasthenoteratozoo-
spermia, nutritional interventions can significantly increase
sperm numbers and quality to thresholds known to substan-
tially increase spontaneous pregnancy. Nutritional interven-
tions are widely available, affordable, safe, and effective and
can therefore be favored as initial treatment options, reduc-
ing the physical, psychological, and financial burden on men
and their partners.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40265-023-01853-0.
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