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Abstract 

Background Spermatogenesis and sperm quality may be negatively impacted by an increase in reactive oxygen 
species. This study investigates the efficacy of combined antioxidant therapy for treating male infertility, as measured 
by semen analyses and the sperm DNA fragmentation index (DFI). Infertile men with a high sperm DNA fragmenta-
tion index were instructed to take two oral micronutrient capsules daily for three months. Each antioxidant formula-
tion contained 60 mg vitamin E, 400 µg folic acid, 30 mg selenium, 125 mg L-arginine, 220 mg L-carnitine, 7.5 mg 
coenzyme Q10, 40 mg L-glutathione, and 20 mg zinc citrate. At entry and post-treatment, the general characteristics, 
semen analysis, and sperm chromatin dispersion assays were recorded and compared.

Results After three months of treatment with antioxidant compounds, the quality of spermatozoa improved 
significantly, as indicated by a decrease in the mean DNA fragmentation index from 45.6 ± 17.2% to 34.8 ± 20.3%; 
an increase in sperm concentration from 29.7 ×  106/mL to 35.7 ×  106/mL (p < 0.001), an increase in a total number of 
spermatozoa from 72.1 ×  106 to 95.5 ×  106 (p = 0.012), and an increase in the vitality from 75.5 ± 17.1 to 81.1 ± 14.4% 
viable forms (p < 0.001).

Conclusions Micronutrient supplementation can improve sperm quality and DNA integrity in infertile men. Men 
with infertility and significant sperm DNA fragmentation who take antioxidants for three months experience a reduc-
tion in DNA fragmentation index and an increase in sperm quality as measured by the semen analysis.

Trial registration NCT04 509583. Registered 12 August 2020, Hue University of Medicine and Pharmacy Ethics Com-
mittee—Retrospectively registered.
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Résumé 

Contexte La spermatogenèse et la qualité du sperme peuvent être affectées négativement par une augmentation 
des espèces réactives de l’oxygène. La présente étude évalue l’efficacité d’une thérapie antioxydante combinée pour 
traiter l’infertilité masculine, telle que mesurée par les analyses du sperme et l’indice de fragmentation de l’ADN des 
spermatozoïdes (DFI). Les hommes infertiles avec un indice de fragmentation de l’ADN des spermatozoïdes élevé ont 
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été invités à prendre, par voie orale, deux capsules de micronutriments par jour pendant trois mois. Chaque formula-
tion antioxydante contenait 60 mg de vitamine E, 400 μg d’acide folique, 30 mg de sélénium, 125 mg de L-arginine, 
220 mg de L-carnitine, 7,5 mg de coenzyme Q10, 40 mg de L-glutathion et 20 mg de citrate de zinc. À l’entrée et 
après le traitement, les caractéristiques générales, l’analyse du sperme et les tests de dispersion de la chromatine 
spermatique ont été enregistrés et comparés.

Résultats Après trois mois de traitement avec des composés antioxydants, la qualité des spermatozoïdes s’est 
considérablement améliorée, comme l’indique une diminution de l’indice moyen de fragmentation de l’ADN de 
45,6±17,2% à 34,8±20,3%; une augmentation de la concentration de spermatozoïdes de 29,7×106/mL à 35,7×106/
mL (p<0,001), une augmentation du nombre total de spermatozoïdes de 72,1x106 à 95,5x106 (p=0,012), et une aug-
mentation de la vitalité de 75,5±17,1 à 81,1±14,4% des formes viables (p<0,001).

Conclusions La supplémentation en micronutriments peut améliorer la qualité du sperme et l’intégrité de l’ADN 
chez les hommes infertiles. Les hommes souffrant d’infertilité et d’une fragmentation importante de l’ADN des sper-
matozoïdes qui prennent des antioxydants pendant trois mois subissent une réduction de l’indice de fragmentation 
de l’ADN et une augmentation de la qualité du sperme, mesurée par l’analyse du sperme.

Mots‑clés Infertilité masculine, Fragmentation de l’ADN des s*Spermatozoïdes, Antioxydants, Stress oxydatif, Espèces 
réactives de l’Oxygène

Introduction
Male factors account for around fifty percent of infertil-
ity cases [1]. Several causes of male infertility, such as 
endocrine disorders, varicocele, vas deferens obstruction, 
genital infection or ejaculatory failure, and sexual dys-
function, have been found; however, more than 30% of 
cases are idiopathic [2]. Analysis of sperm parameters has 
been the conventional method for assessing male fertil-
ity. In recent decades, sperm DNA fragmentation (SDF) 
has been utilized as a highly accurate predictor of sperm 
quality and function [3]. Higher levels of SDF are related 
to a longer time to conceive, poorer pregnancy outcomes 
throughout treatment cycles, and an increased risk of 
miscarriage [4]. SDF is crucial in defining the reproduc-
tive capability of males.

Multiple factors, including radiation, medication, 
tobacco and alcohol usage, diet, the environment, vari-
cocele, and oxidative stress (OS), have been implicated 
in the increase in SDF. OS is an imbalance between 
reactive oxygen species (ROS) and antioxidant quan-
tities [5]. ROS are composed of oxygen radicals and 
non-radical derivatives. Among them, oxygen radicals 
are synthesized by spermatozoa through metabolic 
activities, sperm mitochondrial activity, or activity 
of leukocytes, and are crucial for cell signal transmis-
sion, sperm maturation, and sperm acrosome responses 
[6]. However, increasing levels of ROS may have det-
rimental effects on spermatogenesis and sperm qual-
ity. Numerous investigations have demonstrated that 
an increase in ROS capacity damages spermatozoa’s 
structure and physiological function of spermatozoa 
[7]. Exogenous factors (environmental, exposure to risk 
factors, testicular hyperthermia) and some endogenous 

factors (immature spermatozoa, leucocytes, and varico-
cele) have been identified as causes of high ROS levels. 
In addition, when triggered by an infection, neutro-
phils can produce excessive quantities of ROS, resulting 
in oxidative damage to sperm DNA [8]. Various SDF 
assays and OS measurements have improved male fer-
tility potential observation [9].

For optimal sperm function, it is essential to main-
tain a balance between reactive oxygen species and 
antioxidants. Antioxidants are present in the semi-
nal fluid predominantly in two forms: non-enzymatic 
(vitamins D, E, C, and B, Coenzyme Q10, pyruvate, 
glutathione, carnitines, and trace metals) and enzy-
matic (catalase, superoxide dismutase, glutathione per-
oxidase)  [10]. Consequently, analyzing and lowering 
OS with antioxidant therapy may be a viable infertility 
care strategy. Previous research supports using antiox-
idant supplements to decrease OS levels and improve 
pregnancy outcomes [11, 12]. However, there is no 
high level of agreement among studies on treatment 
procedures (dosage, combinations of compounds, and 
outcome measures).

Antioxidant preparations have been demonstrated to 
enhance reproductive and sperm functions. First, vita-
min E, selenium, and glutathione counteract the ROS 
levels in seminal fluid  [13]. Second, zinc, folic acid, and 
selenium promote DNA synthesis and the protamine 
packaging of sperm chromatin [14]. Finally, carnitine, 
arginine, and coenzyme Q10 are crucial in transport-
ing fatty acids into mitochondria for energy production 
[15]. This study examined the efficacy of a combination 
antioxidant therapy in treating male infertility, employ-
ing semen analysis and SDF as outcome measures.
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Methods
Study design
This interventional trial was conducted at a tertiary 
university hospital between November 2019 and March 
2021. Men from infertile couples, as defined by World 
Health Organization standards [16], who had a high 
DNA fragmentation index (DFI ≥ 30%) [17] met the 
inclusion criteria. Men with azoospermia, retrograde 
ejaculation, infection, acute systemic disorders, malig-
nant diseases, hepatic function problems, or using anti-
oxidant compounds or vitamins during the past two 
months were excluded from the study.

The following patient characteristics were recorded: 
age, occupation, history of measles, chronic conditions, 
smoking, drinking habits, and physical examination. 
Anthropometry, biochemical tests, semen analyses, and 
sperm chromatin dispersion (SCD) assays (the Halo-
sperm test) were performed for all participants.

In this study, the sample size was determined from the 
formula N = 2C(1 – r)/ES2 with the following param-
eters: ES: Standardized difference (ES =  × 1 −  × 0/s0; 
where × 1 and × 0 are the value of DFI before and after 
treatment with antioxidants and s0 is standard devia-
tion: × 1 = 43.5%, × 0 = 34.3%, s0 = 22.8; ES = 0.40 [18]), 
r: Correlation Coefficient; C: acceptable difference 
(power = 0.95, and α = 0.05, C = 13,000). The expected 
size of the sample was 32 cases. Seventy-one men were 
recruited for the current investigation.

All procedures were executed in compliance with 
the applicable guidelines. All participants provided 
informed consent in accordance with the Helsinki Dec-
laration of 2013.

Anthropometry
The body mass index (BMI)_of each participant was 
calculated by dividing their weight (in kilograms) by the 
square of their height (in meters). The hip circumfer-
ence was measured at the level of the pubic symphysis. 
At the end of expiration, the waist circumference (WC) 
was measured at the umbilicus level.

Biochemical assays
Levels of low-density lipoprotein cholesterol (LDL-
C), high-density lipoprotein cholesterol (HDL-C), tri-
glycerides, total cholesterol, fasting glucose levels, 
and oral glucose tolerance test results were measured 
with a Roche/Hitachi Cobas system (Module COBAS 
4000/6000, Roche Diagnostics, Indianapolis, IN, USA). 
In the morning, the blood sample was collected after 
an overnight fast. Tubes with anticoagulant plasma, 
Li-heparin, and K2-EDTA serum were used for tak-
ing and preparing specimens. Samples in the tubes 

were handled according to the tube manufacturer’s 
instructions.

Semen analysis
The WHO 2010 guidelines were followed to evaluate 
the sperm analysis results [19]. Masturbation samples 
of semen were taken after 3 − 5 days of ejaculatory absti-
nence. The sample was collected into a sterile, wide-
mouthed container. After being liquefied, the samples 
were analyzed within an hour of their collection. Time 
of liquefaction, pH, volume, total sperm count, motility, 
concentration, morphology, vitality, and leukocyte count 
were assessed. Sperm vitality was determined by seeing 
sperm stained with eosin Y and observed under a 40X 
microscope. The sperm morphology was assessed by 
evaluating the head’s size and shape and the features of 
the midsection and tail.

Sperm chromatin dispersion assay
SDF was assessed utilizing the Halosperm kit from Halo-
tech DNA, SL (Spain). The sperm samples were diluted 
with Phosphate Bufferd saline to a 5 − 10 million sperm 
per milliliter, and 25 µL of material was combined with 
Eppendorf agarose; the cell suspension was applied to 
the treated side (available from Halotech DNA’s Halo 
sperm kit) of the microscope slide which was then refrig-
erated for 5 min at  40C. After taking the slide out of the 
fridge, immediately immerse the slide into the denaturant 
agent solution to denature DNA in cells with fragmented 
DNA, which contained 10 µL of distilled water and 80 
µL of HCl; it was incubated for 7  min at room temper-
ature. The slide was then incubated for 25 min at room 
temperature in 10 mL lysis solution before being washed 
with distilled water for 5  min. Afterward, it was placed 
in ethanol (70% for 2 min, 90% for 2 min, and 100% for 
2 min). Slides were monitored for SDF in a fluorescence 
microscope following their drying. Following Fernandez’s 
criteria  [17], we screened 500 spermatozoa and classi-
fied each spermatozoon as having fragmented DNA as 
shown in Fig. 1. Following the observation, the total score 
for each halo type was determined. DFI was determined 
by dividing the number of spermatozoa with fragmented 
DNA by the total number of cells evaluated. A DFI result 
of less than 30% was considered normal [20].

Intervention with micronutrient supplements
Men with a DFI equal to or above 30% were instructed 
to consume antioxidant preparations daily for three 
months. Physiologically, as spermatogenesis and spermi-
ogenesis take an average of three months, the minimum 
time required to detect a change in sperm quality is also 
three months. In addition, we refrained from extend-
ing the length of therapy for too long out of worry that 
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a continuous usage of antioxidants would induce a redox 
reaction, which could have negative consequences on 
sperm.

Each antioxidant preparation contained 60  mg vita-
min E (DL-alpha-tocopheryl acetate), 400  µg folic acid, 
30 mg selenium, 125 mg L-arginine, 220 mg L-carnitine, 
7.5 mg coenzyme Q10, 40 mg L-glutathione, and 20 mg 
zinc citrate. The above compounds were used in capsule 
form (Profortil, Abbott, US). The patient was prescribed 
two tablets a day for three months. After the treatment 
period, all individuals underwent a medical examina-
tion, metabolic testing, semen analysis, and SCD tests to 
determine the treatment’s efficacy.

Statistical analysis
Descriptive statistics established the characteristics of 
the study population. The Kolmogorov–Smirnov test was 
used to test the normal distribution of the research varia-
bles. The assessment for equality of variances was effectu-
ated by Levene’s Test. A Paired—Sample T-test (normally 
distributed variable) or Wilcoxon matched-paired signed 
rank (non-normally distributed variable) was employed 
on independent samples to examine changes between 
variables before and after therapy. Pearson correlation 
test was performed to test the relation between two 
research variables. Results were presented as mean (95% 
confidence interval) or %. Indicative of statistical sig-
nificance was a p-value less than 0.05. SPSS version 20.0 
(IBM Co., Armonk, NY, US) was used for data analysis. 
Cases without follow-up data were excluded.

Results
Table  1 presents the anthropometric statistics of men 
with infertility. The majority of the patients fell under the 
category of primary infertility. Most males were infertile 
for at least three years and had no history of mumps.

As shown in Table  2, after three months of antioxi-
dant therapy, the average SDF index decreased signifi-
cantly that indicates a considerable improvement in 
sperm quality. The rate of deteriorated spermatozoa 
and those without a halo significantly reduced over the 
course of three months. The population of spermatozoa 
with big halos increased significantly with p = 0.049. 
Other results, including populations of spermatozoa 

Fig. 1 Images of sperm chromatin dispersion test are assessed from halo types: normal group includes (A) big halo spermatozoa (halo thickness 
equal to or larger than the length of the minor diameter of the core) and (B) medium halo spermatozoa (thickness less than the length of the minor 
diameter of the core and larger than 1/3 of the minor diameter of the core); abnormal group includes (C) small halo spermatozoa (thickness equal 
to or less than 1/3 diameter of the minor diameter of the core), (D) without halo spermatozoa, and (E) degraded spermatozoa (sperm show no halo 
and present a core irregularly or weakly stained, represent a subpopulation of spermatozoa with extensive DNA and nuclear protein damage)

Table 1 Baseline characteristics of male in infertile couples

Data presented as mean ± standard deviation or number (percentage)

HDL-C High density lipoprotein, LDL-C Low density lipoprotein

Characteristics Number (%)

Age (years)
 Mean: 35.31 ± 6.08 (33.87—36.75)

  < 35 31 43.7

  ≥ 35 40 56.3

Infertility types
 Primary 44 62.0

 Secondary 27 38.0

Infertility duration (years)
 Mean: 4.45 ± 2.52 (3.85—5.05)

 < 3 21 29.6

 ≥ 3 50 70.4

History of mumps
 Yes 7 9.9

 No 64 90.1

Alcohol consumption
 Yes 39 54.9

 No 32 45.1

Triglycerides (mmol/L) 2.0 ± 1.2

Total cholesterol (mmol/L) 4.7 ± 0.8

HDL‑C (mmol/L) 1.3 ± 0.4

LDL‑C (mmol/L) 3.1 ± 0.8

Glucose (mmol/L) 5.5 ± 1.4
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with small and medium halos, exhibited no significant 
change (p > 0.05).

The sperm analysis revealed an increase in concentra-
tion and viability. After three months of treatment, other 
fundamental semen characteristics (semen volume, total 
sperm count, sperm motility, and morphology) were 
not altered significantly. Semen analysis was considered 
abnormal if at least one parameter was not in the WHO 
reference range. The percentage of patients with normal 
sperm analysis increased clearly after therapy, but this 
was not statistically significant (Table 2).

As shown in Table  3, antioxidant supplementation 
did not affect anthropometric features or other relevant 
parameters (WC, hip circumference, weight, BMI, waist-
to-height ratio, waist-to-hip ratio; p > 0.05). Although 
correlations between semen parameter values and DFI 
were not found in pre-treatment patients (p > 0.05), there 
was a negative association between the level of DFI and 
the percentages of motile and vital spermatozoa three 

months post-treatment, as shown in Table 4. A positive 
association was also identified between DFI and the pro-
portion of spermatozoa with abnormal necks and tails.

Discussion
It has been reported that oxidative stress has a deleteri-
ous effect on male fertility, resulting in aberrant semen 
parameter values and increased SDF levels. Spermato-
zoa cells are more susceptible to oxidative stress than 
other cells because they contain less cytoplasm and 
more unsaturated fatty acids. The ROS and antioxidant 
levels imbalance may result in DNA and sperm plasma 
membrane peroxidation [21]. Therefore, it is anticipated 
that the quality of spermatozoa or male fertility will 
depend on the availability of antioxidants in seminal 
plasma. In this study, sperm concentration and vital-
ity increased significantly after therapy. Several previ-
ous articles have found inconsistent conclusions about 
the efficacy of antioxidant supplementation in men 

Table 2 The results of semen characteristics before and after treatment

1 Data are presented as mean (95% Confidence interval) or number (%)
* Paired—Sample T test (normally distributed variable)
** Wilcoxon matched—paired signed rank test (non—normally distributed variable)

Semen characteristics Before treatment
n (%)

After treatment
n (%)

p  value1

Semen analysis
 Abnormal 60 (84.5) 52 (73.2) 0.100

 Normal 11 (15.5) 19 (26.8)

Total number (106) 72.1 (58.2 – 85.3) 95.5 (76.8 – 112.0) 0.012**
Volume (mL) 2.4 (2.14 – 2.62) 2.6 (2.38 – 2.89) 0.133**

 < 1.5 13 (18.3) 5 (7.0) 0.044

 ≥ 1.5 58 (81.7) 66 (93.0)

Concentration (106/mL) 29.7 (25.8 – 33.5) 35.7 (30.9 – 39.8)  < 0.001*

 < 15 11 (15.5) 8 (11.3) 0.460

 ≥ 15 60 (84.5) 63 (88.7)

Motility (%) 27.5 (24.4 – 30.2) 27.7 (24.9 – 30.4) 0.990*

 < 32 24 (33.8) 29 (40.8) 0.386

 ≥ 32 47 (66.2) 42 (59.2)

Vitality (%) 75.5 (71.1 – 79.5) 81.1 (77.5 – 84.6)  < 0.001**

 < 58 5 (7.0) 3 (4.2) 0.467

 ≥ 58 66 (93.0) 68 (95.8)

Normal morphology (%) 3.2 (2.7 – 3.7) 3.4 (3.0 – 3.8) 0.089**

 < 4 47 (66.2) 37 (52.1) 0.088

 ≥ 4 24 (33.8) 34 (47.9)

Sperm DNA fragmentation
 Big halo 81.8 (63.5 – 99.4) 118.1 (93.4 – 145.5) 0.049**

 Medium halo 190.1 (168.8 – 210.3) 205.3 (181.9 – 223.4) 0.320*

 Small halo 93.3 (80.4 – 107.4) 81.9 (71.5 – 93.5) 0.449**

 Without halo 86.7 (73.2 – 101.6) 59.4 (46.4 – 73.2) 0.002**

 Degraded sperm 48.4 (38.2 – 57.4) 30.3 (24.9 – 35.7)  < 0.001**

 DFI % 45.6 (41.6 – 50.0) 34.8 (30.0 – 40.0)  < 0.001**
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with infertility, but the majority have suggested posi-
tive effects. In an observational trial involving 690 indi-
viduals with astheno-teratozoospermia who received 
400 mg vitamin E and 200 selenium daily for 100 days, 
52.6% of males experienced a significant increase in 
the proportion of motile spermatozoa, normal sperm 
morphology, or both (p < 0.001)  [22]. Comhaire et  al. 
conducted a prospective trial on 27 men with infertil-
ity and concluded that the combination of vitamins A 
and E and essential fatty acids increased sperm con-
centration in oligozoospermic individuals  [23]. Com-
pared with the placebo group, all semen parameter 
values improved in participants with varicocele and 
idiopathic infertility treated with L-carnitine  [24]. In 

another double-blind interventional research with 211 
subfertile men randomly assigned to four groups (zinc 
only, folic acid only, folic acid and zinc, and placebo), 
a significant rise in normal sperm concentration was 
reported in the group receiving combined therapy [25]. 
Using coenzyme Q10 as an antioxidant supplement for 
three months may improve semen parameter values 
(sperm concentration, progressive motility, and total 
motility), oxidative stress indicators, and SDF in men 
with infertility, particularly those with idiopathic oli-
goasthenozoospermia  [26]. In a recent Cochrane meta-
analysis involving men with abnormal sperm analysis 
results, the combination of vitamin E, selenium, and 
N-acetylcysteine for three months increased the inci-
dence of motile sperm by 12% compared with placebo 
[11].

On the contrary, some authors have failed to find any 
significant effects of micronutrient supplementation 
in infertile men. Rolf et  al. did not observe the posi-
tive effects of taking vitamin E (800  mg) and vitamin C 
(1000 mg) daily for 56 days on semen quality [27]. Treat-
ment with 1000 mg L-carnitine and 500 mg L-acetyl-car-
nitine daily for three months did not improve the results 
[28]. Menevit (25  mg zinc + 100  mg vitamin C + 400  IU 
vitamin E + 6  mg Lycopene + 333  µg garlic oil) daily for 
three months did not improve routine sperm parameters 
in men with high SDF tested by terminal deoxynucleoti-
dyl transferase dUTP nick end labeling (TUNEL)  [13]. 
Another recent MOXI (In the Males, Antioxidants, and 
Infertility) study used the following antioxidant formula-
tion: 1000  µg folic acid + 10  mg lycopene + 0.2  mg sele-
nium + 500  mg vitamin C + 400  mg vitamin E + 20  mg 
zinc + 1000 mg L-carnitine + 2000  IU vitamin D, had no 
beneficial effect on semen parameters [29]. Published 
studies do not reach a consensus on the treatment regi-
men or duration. An overdosage of antioxidant sup-
plements may be an adverse factor affecting semen 
parameters. Furthermore, the balance between ROS and 
antioxidant systems is crucial to obtain optimal sperm 
function; the overconsumption of antioxidants may gen-
erate reductive stress that could impair mitochondrial 
activity and negatively affect human reproductive health 
[30]. The results of our study with a combination of spe-
cific micronutrients have confirmed the effectiveness of 
improved sperm parameters.

Several authors have identified a correlation between 
SDF and semen parameter values. Similarly, we found a 
negative correlation between DFI results and the extent 
of sperm motility and vitality. A positive correlation 
between DFI and the percentage of spermatozoa with 
abnormal necks and tails was also observed. Moreover, 
the mean SDF level decreased and the rate of degraded 
spermatozoa and those without halo also showed a sharp 

Table 3 The changes in other relevant factors after treatment

BMI Body mass index, WHR waist- hip ratio, WHtR waist-to-height ratio
1 Data are presented as mean (95% Confidence interval) or number (%)
* Paired—Sample T test (normally distributed variable)
** Wilcoxon matched—paired signed rank test (non—normally distributed 
variable)

Factors Before treatment
n (%)

After treatment
n (%)

p value1

Alcohol
 Yes 39 (54.9) 38 (53.5) 0.866

 No 32 (45.1) 33 (46.5)

Smoking
 Yes 18 (25.4) 15 (21.1) 0.551

 No 53 (74.6) 56 (78.9)

Waist (cm) 84.8 (82.9 – 86.6) 84.3 (82.5 – 86.1) 0.225*

Hips (cm) 96.2 (94.8 – 97.6) 95.9 (94.7 – 97.2) 0.257*

Weight (kg) 64.6 (62.8 – 66.6) 64.7 (62.9 – 66.7) 0.133**

BMI (kg/m2) 23.0 (22.4 – 23.6) 23.1 (22.4 – 23.7) 0.124*

WHR (%) 0.9 (0.8 – 0.9) 0.9 (0.8 – 0.9) 0.553*

WHtR (%) 0.5 (0.4 – 0.5) 0.5 (0.5 – 0.5) 0.221*

Table 4 Correlations between semen parameters and sperm 
DNA fragmentation index in participants before and after 
treatment

DFI DNA fragmentation index
* Pearson correlation test

Sperm factors % DFI before 
treatment

% DFI after 
treatment

r p value* r p value*

Concentration 0.037 0.758 -0.207 0.083

Motility -0.021 0.860 -0.431  < 0.001

Vitality 0.019 0.877 -0.486  < 0.001

Normal morphology -0.004 0.975 -0.229 0.055

Abnormal head -0.009 0.940 0.012 0.920

Abnormal neck and tail -0.044 0.719 0.299 0.011
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decrease after three months of treatment. Logically, the 
decrease in DFI levels is expected to improve sperm 
quality, although the percentage of motile spermatozoa 
was not reduced by using micronutrient supplements. 
Sperm DNA may be more sensitive to antioxidants than 
the mitochondria or sperm membrane (determinants of 
motility) [13]. Therefore, if ROS is partially neutralized by 
antioxidant supplementation, the remaining ROS might 
no longer be sufficient to attack the DNA; however, they 
may still inhibit mobility.

Regarding the benefits of oral antioxidants supplement 
in sperm DNA integrity, Arafa et  al. have indicated ‘FH 
PRO for men’ (Multivitamin support for male fertility 
contains: L-Carnitine, Arginine, Zinc, CoQ10, Lyco-
pene; Fairhaven Health, US) on 148 men with infertil-
ity and realizes that those with idiopathic infertility had 
improvement in semen parameters, oxidation–reduction 
potential, and SDF evaluated by the Halosperm kit [18]. 
Coenzyme  Q10 supplementation for three months has 
also been shown to reduce ROS levels and SDF levels in 
patients with oligoasthenozoospermia [26]. In another 
interventional controlled study on 64 patients with 
DFI > 15%, SDF was determined by the TUNEL method  
[31]; after two months of taking vitamins C and E, DFI 
significantly decreased from 22 to 9%. However, a recent 
study in 2020 did not determine the positive effects of 
antioxidants on DNA integrity [29], and the difference in 
the decrease in DFI tested by Sperm Chromatin Structure 
Assay (SCSA) was not statistically significant between 
the antioxidant group and placebo (p = 0.548). Steiner 
et al. suggested that the difference in the antioxidant for-
mulation and inclusion criteria in previous studies were 
the main reason. The need for an optimal antioxidant for-
mulation is very important either to reduce the potential 
side effects of reductive stress, antioxidants or improve 
the quality of spermatozoa effectively. Identifying the tar-
get patient group that is likely to benefit the most from 
the use of antioxidants is also an urgent problem.

Limitations of the study
Logically, men with seminal oxidative stress are presum-
ably the most likely to benefit from antioxidant therapy. 
In our investigation, oxidative stress in semen samples 
was not evaluated. If these data included information 
on ROS levels in relation to DFI and therapeutic effi-
cacy in accordance with ROS levels, our inquiry will be 
more persuasive. In addition, if there is evidence of a lack 
of specific nutrients and antioxidant radicals in sperm, 
our investigation will be more beneficial. In reality, we 
did not incorporate this information in our analysis. To 
confirm the precise benefits of this regimen, there is an 
urgent need for trials evaluating the efficiency of antioxi-
dant treatment in persons with semen oxidative stress.

Conclusion
Micronutrient supplementation can improve semen 
parameter values and DNA integrity in men with infer-
tility. The study shows that using antioxidants for a 
duration of three months decreases SDF and elevates 
the results of routine semen analyses in men with infer-
tility with high SDF.

Abbreviations
SDF  Sperm DNA fragmentation
OS  Oxidative stress
ROS  Reactive oxygen species
WHO  World Health Organization
DFI  DNA fragmention index
SCD  Sperm chromatin dispersion
ES  Standardized difference
BMI  Body mass index
WC  Waist circumference
LDL-C  Low-density lipoprotein cholesterol
HDL-C  High-density lipoprotein cholesterol
TUNEL  Terminal deoxynucleotidyl transferase dUTP nick end labeling
SCSA  Sperm Chromatin Structure Assay

Acknowledgements
The authors appreciate each of the study participants for their time and effort 
contributed to this study, and we also thank the Hue Center for Reproductive 
Endocrinology and Infertility for the recruitment of subjects for this study.

Authors’ contributions
M.T.L/N.D.N/N.Q.T.T developed the study concept and designed the study; 
M.T.L/N.Q.T.T collected the data for analysis; N.Q.T.T/N.D.N/M.T.L performed the 
statistical analysis and drafted the first manuscript; All authors contributed to 
the interpretation of the data and provided critical revision for important intel-
lectual content. All authors reviewed and approved the final manuscript.

Funding
This work was partially supported by Hue University under the Core Research 
Program (Research Group on Reproductive Medicine, Grant No. NCM.
DHH.2022.01). The grantor had no influence on the content of the publication.

Availability of data and materials
The dataset used and/or analyzed during the current study is available from 
the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by the Hue University of Medicine and Pharmacy 
Ethics Committee (approval number: H2019/433) and clinical trial registration 
number NCT04509583. All methods were performed in accordance with the 
relevant guidelines. Informed consent was obtained from all participants in 
accordance with the Declaration of Helsinki 2013.

Consent for publication
All authors are with consent for publication.

Competing interests
The authors have no competing financial or other interests to declare in rela-
tion to this manuscript.

Author details
1 Center for Reproductive Endocrinology and Infertility, Hue University of Medi-
cine and Pharmacy, Hue University, 06 Ngo Quyen Street, Hue 53000, Vietnam. 
2 Department of Obstetrics and Gynecology, Hue University of Medicine 
and Pharmacy, Hue University, Hue, Vietnam. 



Page 8 of 8Nguyen et al. Basic and Clinical Andrology           (2023) 33:23 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Received: 20 February 2023   Accepted: 5 June 2023

References
 1. Sharlip ID, Jarow JP, Belker AM, Damewood MD, Overstreet JW, Sadovsky 

R, et al. Best practice policies for male infertility. Fertil Steril. 2002;77:873–
82. https:// doi. org/ 10. 1016/ S0015- 0282(02) 03105-9.

 2. Naz M, Kamal M. Classification, causes, diagnosis and treatment of male 
infertility: a review. Orient Pharm Exp Med. 2017;17:89–109. https:// doi. 
org/ 10. 1007/ s13596- 017- 0269-7.

 3. Ozmen B, Koutlaki N, Youssry M, Diedrich K, Al-Hasani S. DNA damage of 
human spermatozoa in assisted reproduction: origins, diagnosis, impacts 
and safety. Reprod Biomed Online. 2007;14:384–95. https:// doi. org/ 10. 
1016/ S1472- 6483(10) 60883-8.

 4. Borini A, Tarozzi N, Bizzaro D, Bonu MA, Fava L, Flamigni C, et al. Sperm 
DNA fragmentation: paternal effect on early post-implantation embryo 
development in ART. Hum Reprod. 2006;21:2876–81. https:// doi. org/ 10. 
1093/ humrep/ del251.

 5. Al-Gubory KH, Fowler PA, Garrel C. The roles of cellular reactive oxygen 
species, oxidative stress and antioxidants in pregnancy outcomes. Int J 
Biochem Cell Biol. 2010;42:1634–50. https:// doi. org/ 10. 1016/j. biocel. 2010. 
06. 001.

 6. Ford CE, Jones KW, Miller OJ, Mittwoch U, Penrose LS, Ridler M, et al. The 
chromosomes in a patient showing both mongolism and the Klinefelter 
syndrome. Lancet. 1959;273:709–10. https:// doi. org/ 10. 1016/ S0140- 
6736(59) 91891-4.

 7. Makker K, Agarwal A, Sharma R. Oxidative stress & male infertility. Indian J 
Med Res. 2009;129:357–67.

 8. Henkel R, Offor U, Fisher D. The role of infections and leukocytes in male 
infertility. Andrologia. 2021;53:e13743. https:// doi. org/ 10. 1111/ and. 13743.

 9. Cho CL, Agarwal A, Majzoub A, Esteves SC. Clinical utility of sperm DNA 
fragmentation testing: practice recommendations based on clinical 
scenarios. Transl Androl Urol. 2016;5:935–50. https:// doi. org/ 10. 21037/ tau. 
2017. 07. 28.

 10. Sies H. Strategies of antioxidant defense. Eur J Biochem. 1993;215:213–
9. https:// doi. org/ EJB93 0076/0.

 11 Smits RM, Mackenzie-Proctor R, Yazdani A, Stankiewicz MT, Jordan V, 
Showell MG. Antioxidants for male subfertility. Cochrane Database Syst 
Rev. 2019;3:CD007411. https:// doi. org/ 10. 1002/ 14651 858. CD007 411. pub4.

 12. Stenqvist A, Oleszczuk K, Leijonhufvud I, Giwercman A. Impact of antioxi-
dant treatment on DNA fragmentation index: a double-blind placebo-
controlled randomized trial. Andrology. 2018;6:811–6. https:// doi. org/ 10. 
1111/ andr. 12547.

 13. Tunc O, Thompson J, Tremellen K. Improvement in sperm DNA quality 
using an oral antioxidant therapy. Reprod Biomed Online. 2009;18:761–8. 
https:// doi. org/ 10. 1016/ S1472- 6483(10) 60024-7.

 14. Brewer L, Corzett M, Balhorn R. Condensation of DNA by spermatid basic 
nuclear proteins. J Biol Chem. 2002;277:38895–900. https:// doi. org/ 10. 
1074/ jbc. M2047 55200.

 15. Agarwal A, Durairajanayagam D, Virk G. Strategies to ameliorate oxidative 
stress during assisted reproduction. Springer International Publishing 
Cham. 2014. http:// www. sprin ger. com/ series/ 11053.

 16. World Health Organization. International Classification of Diseases, 11th 
Revision (ICD-11). Geneva: WHO; 2018.

 17. Fernández JL, Muriel L, Goyanes V, Segrelles E, Gosálvez J, Enciso M, 
et al. Halosperm® is an easy, available, and cost-effective alternative for 
determining sperm DNA fragmentation. Fertil Steril. 2005;84:860. https:// 
doi. org/ 10. 1016/j. fertn stert. 2005. 05. 013.

 18. Arafa M, Agarwal A, Majzoub A, Selvam MKP, Baskaran S, Henkel R, et al. 
Efficacy of antioxidant supplementation on conventional and advanced 
sperm function tests in patients with idiopathic male infertility. Antioxi-
dants. 2020;9:219. https:// doi. org/ 10. 3390/ antio x9030 219.

 19. Organization WH, editor. WHO laboratory manual for the examination 
and processing of human semen. Geneva: World Health Organization; 
2010.

 20. Evenson D, Wixon R. Meta-analysis of sperm DNA fragmentation 
using the sperm chromatin structure assay. Reprod Biomed Online. 
2006;12:466–72. https:// doi. org/ 10. 1016/ S1472- 6483(10) 62000-7.

 21. Agarwal A, Parekh N, Selvam MKP, Henkel R, Shah R, Homa ST, et al. Male 
oxidative stress infertility (MOSI): proposed terminology and clinical 
practice guidelines for management of idiopathic male infertility. World J 
Mens Health. 2019;37:296–312. https:// doi. org/ 10. 5534/ wjmh. 190055.

 22. Moslemi MK, Tavanbakhsh S. Selenium–vitamin E supplementation in 
infertile men: effects on semen parameters and pregnancy rate. Int J Gen 
Med. 2011;4:99–104. https:// doi. org/ 10. 2147/ IJGM. S16275.

 23. Comhaire FH, Christophe AB, Zalata AA, Dhooge WS, Mahmoud AMA, 
Depuydt CE. The effects of combined conventional treatment, oral 
antioxidants and essential fatty acids on sperm biology in subfertile men. 
Prostaglandins Leukot Essent Fatty Acids. 2000;63:159–65. https:// doi. org/ 
10. 1054/ plef. 2000. 0174.

 24. Cavallini G, Ferraretti AP, Gianaroli L, Biagiotti G, Vitali G. Cinnoxicam and 
L-carnitine/acetyl-L-carnitine treatment for idiopathic and varicocele-
associated oligoasthenospermia. J Androl. 2004;25:761–70. https:// doi. 
org/ 10. 1002/j. 1939- 4640. 2004. tb028 53.x.

 25. Wong WY, Merkus HMWM, Thomas CMG, Menkveld R, Zielhuis GA, 
Steegers-Theunissen RPM. Effects of folic acid and zinc sulfate on male 
factor subfertility: a double-blind, randomized, placebo-controlled trial. 
Fertil Steril. 2002;77:491–8. https:// doi. org/ 10. 1016/ S0015- 0282(01) 
03229-0.

 26. Alahmar AT, Calogero AE, Sengupta P, Dutta S. Coenzyme Q10 improves 
sperm parameters, oxidative stress markers and sperm DNA fragmenta-
tion in infertile patients with idiopathic oligoasthenozoospermia. World J 
Mens Health. 2021;39:346. https:// doi. org/ 10. 5534/ wjmh. 190145.

 27. Rolf C, Cooper TG, Yeung CH, Nieschlag E. Antioxidant treatment of 
patients with asthenozoospermia or moderate oligoasthenozoospermia 
with high-dose vitamin C and vitamin E: a randomized, placebo-con-
trolled, double-blind study. Hum Reprod. 1999;14:1028–33. https:// doi. 
org/ 10. 1093/ humrep/ 14.4. 1028.

 28. Sigman M, Glass S, Campagnone J, Pryor JL. Carnitine for the treatment 
of idiopathic asthenospermia: a randomized, double-blind, placebo-
controlled trial. Fertil Steril. 2006;85:1409–14. https:// doi. org/ 10. 1016/j. 
fertn stert. 2005. 10. 055.

 29. Steiner AZ, Hansen KR, Barnhart KT, Shehadeh H, Lane M, Zander-
Fox D. The effect of antioxidants on male factor infertility: the males, 
antioxidants, and infertility (MOXI) randomized clinical trial. Fertil Steril. 
2020;113:552–60. https:// doi. org/ 10. 4103/ aja. aja_ 41_ 20.

 30. Singh F, Charles AL, Schlagowski AI, Bouitbir J, Bonifacio A, Piquard F, et al. 
Reductive stress impairs myoblasts mitochondrial function and triggers 
mitochondrial hormesis. Biochim Biophys Acta. 2015;1853:1574–85. 
https:// doi. org/ 10. 1016/j. bbamcr. 2015. 03. 006.

 31. Greco E, Iacobelli M, Rienzi L, Ubaldi F, Ferrero S, Tesarik J. Reduction of 
the incidence of sperm DNA fragmentation by oral antioxidant treat-
ment. J Androl. 2005;26:349–53. https:// doi. org/ 10. 2164/ jandr ol. 04146.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/S0015-0282(02)03105-9
https://doi.org/10.1007/s13596-017-0269-7
https://doi.org/10.1007/s13596-017-0269-7
https://doi.org/10.1016/S1472-6483(10)60883-8
https://doi.org/10.1016/S1472-6483(10)60883-8
https://doi.org/10.1093/humrep/del251
https://doi.org/10.1093/humrep/del251
https://doi.org/10.1016/j.biocel.2010.06.001
https://doi.org/10.1016/j.biocel.2010.06.001
https://doi.org/10.1016/S0140-6736(59)91891-4
https://doi.org/10.1016/S0140-6736(59)91891-4
https://doi.org/10.1111/and.13743
https://doi.org/10.21037/tau.2017.07.28
https://doi.org/10.21037/tau.2017.07.28
https://doi.org/EJB930076/0
https://doi.org/10.1002/14651858.CD007411.pub4
https://doi.org/10.1111/andr.12547
https://doi.org/10.1111/andr.12547
https://doi.org/10.1016/S1472-6483(10)60024-7
https://doi.org/10.1074/jbc.M204755200
https://doi.org/10.1074/jbc.M204755200
http://www.springer.com/series/11053
https://doi.org/10.1016/j.fertnstert.2005.05.013
https://doi.org/10.1016/j.fertnstert.2005.05.013
https://doi.org/10.3390/antiox9030219
https://doi.org/10.1016/S1472-6483(10)62000-7
https://doi.org/10.5534/wjmh.190055
https://doi.org/10.2147/IJGM.S16275
https://doi.org/10.1054/plef.2000.0174
https://doi.org/10.1054/plef.2000.0174
https://doi.org/10.1002/j.1939-4640.2004.tb02853.x
https://doi.org/10.1002/j.1939-4640.2004.tb02853.x
https://doi.org/10.1016/S0015-0282(01)03229-0
https://doi.org/10.1016/S0015-0282(01)03229-0
https://doi.org/10.5534/wjmh.190145
https://doi.org/10.1093/humrep/14.4.1028
https://doi.org/10.1093/humrep/14.4.1028
https://doi.org/10.1016/j.fertnstert.2005.10.055
https://doi.org/10.1016/j.fertnstert.2005.10.055
https://doi.org/10.4103/aja.aja_41_20
https://doi.org/10.1016/j.bbamcr.2015.03.006
https://doi.org/10.2164/jandrol.04146

	Micronutrient supplements as antioxidants in improving sperm quality and reducing DNA fragmentation
	Abstract 
	Background 
	Results 
	Conclusions 
	Trial registration 

	Résumé 
	Contexte 
	Résultats 
	Conclusions 

	Introduction
	Methods
	Study design
	Anthropometry
	Biochemical assays
	Semen analysis
	Sperm chromatin dispersion assay
	Intervention with micronutrient supplements
	Statistical analysis

	Results
	Discussion
	Limitations of the study

	Conclusion
	Acknowledgements
	References


