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Abstract

Aim

To assess the prevalence of isolated teratozoospermia (iTZS) in a cohort of infertile and fer-

tile men; explore the relationship between iTZS, inflammatory parameters and sperm DNA

fragmentation index (SDF) in the same cohort.

Materials and methods

1824 infertile men and 103 fertile controls. Semen analysis, the neutrophil-to-lymphocyte

ratio (NLR) and serum hormones were investigated. DFI was tested in infertile men only.

According to 2010 WHO semen analysis, patients were categorized in 3 sub-groups of iso-

lated sperm defects: isolated oligozoospermia (iOZS), isolated asthenozoospermia (iAZS)

and iTZS. Descriptive statistics and linear regression models tested the association

between clinical variables and inflammatory markers.

Results

Among infertile men, iAZS, iTZS, and iOZS were found in 13.9%, 11.9% and 4.1% partici-

pants, respectively. iTZS was found in 37 (35.9%) fertile men. Infertile men with iTZS had

higher NLR values than those with iOZS, iAZS and men with normal semen parameters (all

p<0.001). FSH and LH were higher and inhibin B lower in iOZS infertile men compared to all

other groups (p�0.001). Hormonal characteristics were similar between iTZS infertile and

fertile men. Similarly, iTZS infertile men had higher SDF than all other groups (all p<0.001).
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Infertile men with iTZS had higher NLR values than fertile men with iTZS (p<0.01). Linear

regression analysis showed that, in infertile men, iTZS was associated with SDF and NLR

(all p�0.01).

Conclusions

iTZS was found in 11.9% of infertile men but it was even more prevalent in fertile controls.

Infertile men with iTZS had higher NLR than fertile controls and increased SDF values than

infertile participant with iAZS, iOZS, or normal semen parameters. No differences in hor-

monal characteristics were found between infertile and fertile men with iTZS.

Introduction

Couple’s infertility is a rising issue worldwide with a male factor infertility (MFI) contributing

to approximately half of the cases [1]. Furthermore, epidemiological studies have shown a tre-

mendous decrease in sperm quality over the last decades in the general male population (50–

60% decline of sperm count) [2–4]. In this context, men with MFI should always undergo a

detailed evaluation, thus including medical and reproductive history, an accurate physical

examination and a semen analysis [1, 5].

Teratozoospermia is the result of a defective cell differentiation during spermatogenesis

and it has been associated with several genetic and environmental factors as well as advanced

paternal age and psychological distress [6–9]. Teratozoospermia occurs frequently in combina-

tion with oligozoospermia (OZS) (i.e., <15 million spermatozoa/mL and< 39 million sperm /

ejaculate) and asthenozoospermia (AZS) (i.e., <32% progressive motile spermatozoa), thus

defining the oligo-astheno-teratozoospermia (OAT) syndrome [5]. However, even isolated

TZS (iTZS), depicted as the only impaired parameter at semen analysis, is a relatively common

finding in infertile men [10, 11].

As a whole, iTZS has been extensively associated with both spontaneous pregnancy and fer-

tilization outcomes at assisted reproductive technology (ART), but results are mostly inconclu-

sive [9, 10, 12]. Moreover, previous studies have investigated the relationship between iTZS

and sperm DNA damage in males from the general population and in those with MFI [13–15].

Infertile men with iTZS showed greater prevalence of chromosomal abnormalities and higher

DNA fragmentation indexes compared to controls [15, 16].

Abnormal sperm morphology was also linked to increased levels of reactive oxygen species

(ROS) in semen, thus contributing to sperm DNA damage [13, 14]. Overall, published litera-

ture suggests that infertile men with iTZS have higher rates of sperm DNA fragmentation and

imbalanced oxidative stress (OS) status than fertile controls. Conversely, rates of DNA alter-

ations of iTZS patients compared to men with different isolated sperm abnormalities have

never been comprehensively investigated. Likewise, inflammation parameters which may reca-

pitulate the inflammatory status—such as the neutrophil-to-lymphocyte ratio (NLR), the

monocyte-to-eosinophil ratio (MER), and the platelet-to-lymphocyte ratio (PLR)—have been

recently associated with various andrological diseases [17, 18], but never with iTZS in infertile

men.

Thereof, with the specific hypothesis that iTZS condition can be considered as a useful and

effective marker of the state of OS, inflammation and, consequently, of sperm DNA damage,

in daily clinical practice and throughout the diagnostic work-up of infertile patients, we aimed

i) to evaluate the prevalence of iTZS in a homogeneous cohort of white-European men
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searching medical help for couple’s infertility compared to a cohort of same-race fertile con-

trols; ii) to compare inflammatory markers of iTZS infertile men with those of the cohort of

fertile controls; and, iii) to investigate a potential association between inflammatory markers

and sperm DNA damage and iTZS compared to other isolated sperm abnormalities.

Materials and methods

Data from 2035 white-European men evaluated at a single academic centre for couple’s infer-

tility between September 2010 and September 2019 were retrospectively analysed. Infertility

was defined as not conceiving a pregnancy after one year or more of unprotected sexual inter-

courses regardless of whether or not a pregnancy ultimately occurs, as for WHO criteria [19].

Patients were considered if they were 18–55 years old and had either pure MFI or mixed factor

infertility. MFI was defined after a global diagnostic evaluation of the female partners.

Similarly, we collected data from 103 fertile controls of comparable age (i.e., men who had

fathered at least one child, spontaneously conceived, with a time-to-pregnancy within 12

months, as for WHO criteria). Fertile men were recruited via their partners who had been

expectant and new mothers at our department of Obstetrics and Gynaecology during the hos-

pital stay and underwent the same investigation of infertile participants, except for the genetic

tests, according to our internal research protocol.

Clinical features

Participants were assessed with an accurate and complete medical history. Health comorbidi-

ties were scored with the Charlson Comorbidity Index (CCI) [20]. Equally, weight and height

were measured, calculating body mass index (BMI; kg/m2) for each participant. Testes volume

was measured in all cases using Prader’s orchidometer estimation by the same expert androlo-

gist and we calculated the mean value among the two sides. Varicocele was clinically evaluated

in every man. Smoking addiction was investigated in each case and then categorized into: no

smokers/former smokers and active smokers.

Serum parameters

Venous blood samples were drawn during the morning (between 7 AM and 11 AM) after an

overnight fast. In all participants, follicle-stimulating hormone (FSH), luteinizing hormone

(LH) and total testosterone (tT) were measured by a direct chemiluminescence immunoassay

(CLIA). Sex hormone-binding globulin (SHBG) was measured by an electrochemilumines-

cence assay (ECLIA). Conversely, inhibin B (InhB) was measured by Enzyme-Linked Immu-

noSorbent Assay (ELISA).

Moreover, blood testing included total and differential white blood cell (WBC) counts.

Total counts for WBC, neutrophils, lymphocytes and monocytes were assessed using an auto-

mated blood cell counter. Moreover, NLR, MER and PLR were calculated as ratios from com-

plete blood count in every participant. As per our local guidelines, karyotype analysis, along

with tests for Y-chromosome microdeletions and cystic fibrosis mutations were obtained for

every infertile man [21].

Semen analysis and sperm DNA fragmentation

At least two consecutive semen analyses were requested for every participant [5]. According to

WHO criteria, semen samples were collected after a sexual abstinence of 2–5 days and ana-

lyzed within 2 h of ejaculation. Semen volume, sperm concentration, total sperm count in the
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ejaculate, progressive sperm motility and normal sperm morphology were considered for the

current study.

The improved Neubauer hemocytometer chamber (100-μm-deep; Brand™ Blaubrand™ Neu-

bauer Improved Counting Chambers, Fisher Scientific, Loughborough, UK) was used for the

calculation of sperm concentration and total sperm count in the ejaculate. Sperm morphology

was assessed preparing a smear of semen on stain-coated Test-simplets slides (Waldeck

GmbH & Co. KG) and examinating the slide with brightfield optics at ×1000 magnification

(Nikon Eclipse E 200, Nikon Instruments Europe B.V., Rome, Italy) with oil immersion within

1 hour of slide preparation. The evaluation of the percentage of morphologically normal and

abnormal spermatozoa was performed according to the WHO guidelines and approximately

200 spermatozoa per replicate were assessed. Sperm motility was assessed by mixing twice the

sample, using a wet preparation of 20 microM deep for each replicate, by examining the slide

with phase-contrast optics at ×200 magnification and by assessing approximately 200 sperma-

tozoa per replicate for the percentage of different motile categories. Patients with azoospermia

(any type) were not considered as per exclusion criteria.

Sperm DNA fragmentation (SDF) index, as measured by sperm chromatin structure assay

(SCSA), was assessed only in infertile men, considering a pathologic SDF threshold of�30%

[1, 22, 23]. The same laboratory was used for the analyses of all parameters.

Study populations

For the objectives of the current study, we identified 3 subgroups of patients with isolated

sperm abnormalities according to WHO reference values: isolated oligozoospermia (iOZS:

<15 million sperm per ml and< 39 million sperm / ejaculate,�32% progressive motility and

�4% normal forms); isolated AZS (iAZS: <32% progressive motility,�15 million sperm/ml

and�4% normal forms); and, iTZS (<4% normal forms,�15 million sperm/ml and�32%

progressive motility).

We excluded 211 (10.4%) primary infertile individuals because they missed one or more of

the entry criteria [history of cryptorchidism (n = 25; 1.2%); abnormal genetic tests (any type)

(n = 29; 1.4%); signs or symptoms suggestive for infections of the genitourinary system

(n = 15; 0.7%) or positive semen or urine cultures (n = 137; 6.7%); a history of infertility treat-

ment in the preceding year (n = 5; 0.2%)]. A cohort of 1824 infertile men and 103 fertile con-

trols was considered for the first part of statistical analyses.

Of note, SDF and complete blood count were included in the routine baseline investigation

of infertile men only over the last 5 years. Hence, we included in the second part of the statisti-

cal analyses only those participants with valid values for SDF, NLR, PLR and MER. Therefore,

a cohort of 365 infertile men was compared to the 103 fertile controls with the aim to investi-

gate the association between isolated semen parameters and inflammatory biomarkers in the

whole cohort and SDF in infertile men only.

Data collection respected the principles described in the Declaration of Helsinki. All partici-

pants signed an informed consent agreeing to share their own anonymous information for

future studies. The current study was authorized by the IRCCS San Raffaele Hospital Ethical

Committee (Prot. 2014-Pazienti Ambulatoriali).

Statistical methods

Normality of data was tested with the Shapiro–Wilk test. Data are presented as medians (inter-

quartile range; IQR) or frequencies (proportions). First main outcome of the study was to

investigate the rate of men with normal semen parameters, isolated sperm abnormalities, or

�2 semen abnormalities among the whole cohort of participants. Second outcome was to
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conduct a sub-analysis only considering those participants (n = 468; 24.3%) valid values for

SDF, NLR, PLR and MER. In this sub-cohort, the Kruskal Wallis test and the Fisher exact test

were applied to compare clinical and demographics characteristics, hormonal and semen

parameters between men with normal semen parameters and those with isolated semen abnor-

malities. Spearman’s correlation analysis tested the association between SDF and inflammatory

biomarkers with clinical variables. Similarly, we applied descriptive statistics to compare clini-

cal characteristics, laboratory values and semen parameters between infertile and fertile men

with iTZS. Univariable (UVA) and multivariable (MVA) linear regression models were used

to identify variables (e.g., age, BMI, CCI, FSH, smoking status, sperm count and isolated

semen abnormalities) associated with SDF and NLR in infertile men.

Statistical analyses were performed using SPSS v.26 (IBM Corp., Armonk, NY, USA). All

tests were two sided, and statistical significance level was determined at p< 0.05.

Results

Of 1824, iAZS, iTZS, and iOZS was found in 253 (13.9%), 217 (11.9%) and 75 (4.1%) infertile

patients, respectively (Table 1). Two or more semen abnormalities were found in 998 (54.7%)

infertile men, whereas 281 (15.4%) patients had normal semen parameters. Of 103 fertile con-

trols, 37 (35.9%) men had iTZS, 1 (1.0%) had iAZS, and 23 (22.3%) men presented with two or

more semen abnormalities; 42 (40.8%) fertile controls had normal semen parameters. In fertile

men, median (IQR) sperm concentration, progressive motility and normal morphology were

50 (26.7–70) x106/mL, 46 (34–53) % and 2 (1–10) %, respectively. Isolated sperm abnormalities

were more frequently found in fertile than infertile (36.9% vs. 29.9%) men; conversely, either 2

alterations or OAT were more prevalent in infertile men (p�0.001) (Table 1).

The association between semen parameters, SDF and inflammatory biomarkers was ana-

lyzed in 468 participants. Fig 1A and 1B graphically depicts the linear increase of SDF and

NLR with the number of sperm abnormalities in the cohort of infertile men. Conversely, no

association was found between NLR and sperm abnormalities in fertile men.

Age, BMI, CCI, tT and SHBG were similar among infertile men as segregated according to

semen parameter’s alterations (Table 2). Serum FSH and LH were higher in infertile men with

iOZS compared to those in all other groups (all p�0.01). Conversely, inhibin B was lower in

iOZS compared to iAZS, iTZS and the group of men with normal semen parameters (all

p = 0.01) (Table 2). NLR values were higher in patients with iTZS than in those with iOZS,

iAZS and in men with normal semen parameters (all p<0.001). Similarly, higher median SDF

(all p<0.001) and greater rates of SDF >30% (p = 0.02) were more frequently observed in

iTZS than in all other groups (Table 2).

In infertile men, Spearman’s correlation analysis revealed that SDF was positively associated

with serum FSH values and negatively associated with sperm morphology (Fig 2A and 2B,

Table 1. Semen characteristics among the whole cohort according to fertility status [No. (%)] (No. = 1927).

Fertile [103 (5.3%)] Infertile [1824 (94.7%)] Fertile Infertile p value

Normal semen parameters 42 (40.8) 281 (15.4) Normal semen parameters 42 (40.8) 281 (15.4) �0.001

Isolated teratozoospermia 37 (35.9) 217 (11.9) Isolated sperm abnormalities 38 (36.9) 545 (29.9)

Isolated oligozoospermia 0 (0.0) 75 (4.1) 2 semen abnormalities 18 (17.5) 555 (30.4)

Isolated asthenozoospermia 1 (1.0) 253 (13.9) OAT 5 (4.9) 443 (24.3)

2 semen abnormalities 18 (17.5) 555 (30.4)

OAT 5 (4.9) 443 (24.2)

Keys: OAT = oligo-astheno-teratozoospermia; � p value according to the Fisher exact test

https://doi.org/10.1371/journal.pone.0251608.t001
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respectively). Similarly, NLR was negatively associated with sperm morphology (Fig 3) and the

higher NLR, the greater CCI (rho = 0.14; p<0.01). Conversely, NLR was not associated with

sperm morphology in fertile men.

At multivariable analysis, CCI, smoking status, FSH and iTZS were associated with SDF (all

p�0.02), after accounting for age and sperm count (Table 3). Similarly, BMI, CCI, smoking

status (all p<0.01) and iTZS (p<0.01) were associated with NLR, after accounting for age and

sperm count (Table 3).

Clinical and hormonal characteristics were similar between fertile and infertile men with

iTZS (Table 4). Conversely, NLR was higher in infertile than fertile men (p<0.01). In the fertile

cohort only, NLR, PLR and MER were comparable between iTZS men and those with normal

semen parameters (Table 4).

Discussion

In a large cohort of white-European men searching medical help for primary couple’s infertil-

ity, we observed a 11.9% prevalence of iTZS. Likewise, we observed iAZS and iOZS in 13.9%

and 4.1% of patients, respectively. Conversely, the prevalence of iTZS, iAZS and iOZS was

35.9%, 1% and 0, respectively, in the cohort of age-comparable fertile men. Therefore,

counter-intuitively, our data suggests that iTZS was even more prevalent in fertile than infertile

men. As far as we know, the current study is the first to investigate the rate of isolated sperm

abnormalities in a cohort of fertile men.

Moreover, according to our baseline hypothesis, we found that infertile men with iTZS pre-

sented with greater parameters suggestive of inflammation and possible indirect signs of OS—

as defined according to the NLR ratio and SDF—as compared with patients with either normal

sperm parameters, iAZS, or even iOZS. Third, infertile men with iTZS presented with higher

NLR values than fertile controls.

These findings confirm what previously reported by Belloc et al. [24], showing that approxi-

mately 25% of infertile men had an isolated sperm abnormality, with iAZS being the most

prevalent sperm abnormality. Moreover, the high prevalence of iTZS in fertile men reported

by our study is consistent with other reports showing that iTZS per se was not associated with

decreased fertility [10, 25]. In this context, it is relevant to note that criticisms have been

Fig 1. Estimated sperm DNA fragmentation (SDF) (A) and neutrophil-to-lymphocyte ratio (NLR) (B) according to the number of sperm alterations in

infertile men. Dashed lines represent 95% CI.

https://doi.org/10.1371/journal.pone.0251608.g001
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Table 2. Descriptive statistics of the cohort of infertile patient units (No. = 365).

Normal semen parameters iTZS iOZS iAZS p-value

No. of individuals 104 (28.5%) 106 (29.0%) 35 (9.6%) 120 (32.9%)

Age (years) 0.43

Median (IQR) 36.0 (33–40) 37.0 (34.0–41) 38.0 (34.0–42) 37.0 (35.0–41)

Range 18–50 19–54 19–47 19–55

BMI (kg/m2) 0.12

Median (IQR) 24.2 (22.8–26.4) 24.6(23–26.5) 25.2 (23.6–27.6) 25.2 (23.3–27.1)

Range 18.6–41.6 19.5–37.7 20.6–39.1 20.3–34.7

CCI (score) 0.42

Median (IQR) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

Median (SD) 0.1 (0.7) 0.1 (0.3) 0.1 (0.2) 0.1 (0.3)

Range 0–3 0–2 0–3 0–4

CCI� 1 [No. (%)] 5 (4.8) 9 (8.5) 1 (2.9) 11 (9.2) 0.41

Total testis volume (Prader estimation) 0.01

Median (IQR) 20.0 (15–25) 20.0 (15–25) # 15.0 (12–20) §,† 20.0 (15–25)

Range 8–25 10–25 8–25 8–25

Smoking status [No. (%)] 0.33

No smokers/Former smokers 80 (76.9) 72 (67.9) 24 (68.6) 92 (76.7)

Active smokers 24 (23.1) 34 (32.1) 11 (31.4) 28 (23.3)

Varicocele [No. (%)] 48 (46.2) 50 (47.2) 18 (51.4) 62 (51.7) 0.83

FSH (mUI/mL) <0.001

Median (IQR) 3.7 (2.4–6.1) 3.8 (2.8–4.5) # 6.9 (3.7–10.2) §,† 3.7 (2.6–5.4)

Range 0.8–13.1 1.3–31.0 0.5–31.1 1.1–17.1

LH (mUI/mL) 0.01

Median (IQR) 3.5 (2.4–4.3) 3.1 (2.4–4.6) # 4.2 (3.1–6.0) § 3.8 (2.7–5.1)

Range 0.8–8.7 1.2–8.4 1.6–9.3 0.6–11.4

InhB (pg/mL) 0.01

Median (IQR) 136.5(100.5–184.6) 147.3 (106.7–199.1) # 105.2 (82.8–141.7) §,† 141.0 (104.3–214.2)

Range 16.9–334.8 14.0–326.7 8.0–285.1 6.0–538.2

tT (ng/mL) 0.81

Median (IQR) 4.6 (3.6–5.5) 4.7 (3.8–5.8) 4.7 (3.4–6.1) 4.8 (3.3–5.9)

Range 2.2–8.1 1.4–9.7 2.1–8.7 0.9–10.4

SHBG (nmol/L) 0.96

Median (IQR) 33.0 (24–42) 32.0 (23–41) 28.9 (24–42) 32.0 (23–41)

Range 9.0–85.0 11.0–99.0 14.0–154.0 11.0–86.0

NLR <0.01

Median (IQR) 1.5 (1.2–1.8) 1.9 (1.4–3.1) §,#,† 1.4 (0.9–2.2) 1.7 (1.2–2.1)

Range 0.7–5.7 0.7–5.1 0.7–9.6 0.7–3.5

PLR 0.28

Median (IQR) 109.4 (86.1–135.1) 113.6 (90.6–147.5) 107.7 (81.6–128.7) 114.8 (87.3–140.5)

Range 54.1–220.8 58.7–270.0 65.7–340.8 50.0–212.2

MER 0.21

Median (IQR) 3.0 (2.0–4.0) 3.4 (2.0–5.0) 3.0 (2.5–5.0) 3.0 (2.0–4.3)

Range 0.7–7.0 0.6–12.0 0.7–20.0 0.9–9.1

Time of abstinence (days) 0.71

Median (IQR) 3.0 (2.0–4.0) 3.0 (2.0–5.0) 4.0 (2.0–4.0) 3.0 (2.0–5.0)

Range 0.2–7.0 0.3–7.0 0.2–7.0 0.3–7.0

(Continued)
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moved to the sperm morphological assessment criteria and to the impact of teratozoospermia

toward reproductive outcomes [9]. As for circulating hormones, we observed that both FSH

Table 2. (Continued)

Normal semen parameters iTZS iOZS iAZS p-value

Semen volume (mL) 0.12

Median (IQR) 3.0 (2.0–4.0) 3.0 (2.0–4.0) 4.0 (3.0–4.0) 3.0 (2.0–4.0)

Range 0.1–8.0 0.1–8.0 0.1–10.0 0.1–10.0

Sperm concentration <0.001

Median (IQR) 44.3 (25.9–79.0) 48.2 (30.0–82.0) 6.0 (3.0–10.0) 37.3 (22.0–63.0)

Range 15.1–339.0 16.2–214.8 0.5–12.3 15.0–350.2

Progressive motility <0.001

Median (IQR) 45.0 (38.0–54.0) 45.0 (37–52) 41.0 (36.0–55.0) 16.5 (10–27)

Range 32.1–89.0 32.0–82.0 32.0–78.0 0.0–31.0

Normal morphology <0.001

Median (IQR) 12.5 (8–37) 1.0 (0.0–2.0) 15.0 (5–39) 8.5 (6.0–20.0)

Range 4.0–90.0 0.0–3.0 4.0–82.0 5.0–100.0

SDF index (%) 0.01

Median (IQR) 14.5 (5.3–24.3) 23.6 (12.9–42.5)§,#,† 12.7 (7.9–35.7) 13.6 (7.5–33.6)

Range 0.5–95.3 3.8–93.2 0.4–96.4 0.5–90.0

SDF index� 30 [No. (%)] 17 (16.3) 49 (46.2) 8 (24.2) 31 (26.0) 0.02

Keys: SDF = Sperm DNA fragmentation; iTZS = Isolated teratozoospermia; iOZS = isolated oligozoospermia; iAZS = isolated asthenozoospermia; BMI = body mass

index; CCI = Charlson Comorbidity Index; tT = total Testosterone; NLR = neutrophil-to-lymphocyte ratio; PLR = platelet-to-lymphocyte ratio; MER = monocyte-to-

eosinophil ratio

� p value according to the Kruskal Wallis test and Fisher exact test, as indicated.

§ p < 0.001 vs. normal semen parameters group

# p < 0.001 vs. iOZS group

† p < 0.001 vs. iAZS group

https://doi.org/10.1371/journal.pone.0251608.t002

Fig 2. Correlation between sperm DNA fragmentation (SDF) and FSH values (A) and normal sperm morphology (B) in infertile men. Rho and p-value

according to Spearman’s correlation.

https://doi.org/10.1371/journal.pone.0251608.g002

PLOS ONE Isolated teratozoospermia, sperm DNA fragmentation and systemic inflammation in infertile men

PLOS ONE | https://doi.org/10.1371/journal.pone.0251608 June 7, 2021 8 / 17

https://doi.org/10.1371/journal.pone.0251608.t002
https://doi.org/10.1371/journal.pone.0251608.g002
https://doi.org/10.1371/journal.pone.0251608


and LH were higher, while inhibin B was lower in infertile men presenting with iOZS com-

pared to those in all other groups. These data further corroborate previous findings supporting

a link between oligozoospermia and endocrine dysfunctions [26].

The correlations between sperm morphology, sperm DNA integrity and oxidative balance

have been recently investigated [13, 27, 28]. In this context, it has been observed that several

conditions including inflammatory and infectious diseases may increase systemic and seminal

OS, thus leading to impaired sperm morphology [29–31]. Moreover, OS has been found to be

closely related to MFI through sperm DNA and membrane damage [32, 33]. Overall, previous

observations outlined that any inflammatory condition may increase neutrophil counts or OS

related markers [34]. Recently, NLR, MER and PLR were found to be feasible and low-cost

inflammatory biomarkers, increasingly used in the everyday clinical practice as prognostic fac-

tors in several general and uro/andrological diseased conditions [17, 18, 35–37]. Scarce data,

however, is available regarding the link between systemic inflammation parameters, isolated

semen abnormalities and sperm DNA damage. Sperm DNA integrity is a relatively recent

marker of semen quality associated with both spontaneous and medically assisted pregnancy

rates in clinical practice [1]. Previous data have suggested that infertile men have higher degree

Fig 3. Correlation between Neutrophil-to-Lymphocyte Ratio (NLR) and normal sperm morphology in infertile men. Rho and p-

value according to Spearman’s correlation.

https://doi.org/10.1371/journal.pone.0251608.g003

PLOS ONE Isolated teratozoospermia, sperm DNA fragmentation and systemic inflammation in infertile men

PLOS ONE | https://doi.org/10.1371/journal.pone.0251608 June 7, 2021 9 / 17

https://doi.org/10.1371/journal.pone.0251608.g003
https://doi.org/10.1371/journal.pone.0251608


of sperm DNA damage than fertile controls [38] and that the extent of sperm DNA damage in

infertile men increases along with the number of sperm abnormalities [38, 39]. For instance,

in a study investigating factors affecting SDF among 1010 infertile Chinese men, Lu et al.

found that SDF was negatively associated with sperm concentration, motility, total normal-

progressively motile sperm count and the rate of normal morphology [40]. Our results corrob-

orate these findings: the greater the number of sperm abnormalities, the higher the SDF in

infertile men. Traditionally, SDF has been found to be negatively associated with sperm motil-

ity [41, 42], but recent evidence showing a negative association with sperm morphology are

also emerging. In this direction, Sachdeva et al. analysed SDF and chromosomal aneuploidy in

a cohort of 302 men from the United Arab Emirates [43]; after having subcategorized patients

according to sperm parameters abnormalities, the authors found that men with teratozoosper-

mia were among those with higher SDF values and greater degrees of sperm abnormalities

compared to men with alterations in sperm motility or concentration. Brahem et al. reported

an increased level of DNA fragmentation and a higher sperm chromosomal aneuploidy rate in

infertile men with iTZS compared to fertile individuals [15]. Of relevance, DNA fragmentation

was correlated to the incidence of sperm head and tail abnormalities. Similarly, Majzoub et al.

analysed the association between sperm DNA fragmentation and sperm morphology in 1168

infertile men [44]. They found a direct negative correlation between sperm DNA fragmenta-

tion and normal sperm morphology, with a greater impact on sperm head defects. According

to our baseline hypothesis, here we found that infertile men with iTZS had higher SDF values

as compared with infertile men with either normal semen parameters or other isolated semen

abnormalities. Therefore, in light of the strong association between iTZS, inflammatory status

Table 3. Linear regression models predicting SDF and NLR (beta; p value [95%CI]) in infertile men.

Sperm DNA fragmentation Neutrophil-to-lymphocyte ratio

UVA model MVA model UVA model MVA model

Age 0.42; 0.16 0.2; 0.76 1.12; 0.12 1.13; 0.34

[-0.16–0.99] [-0.44–0.77] [-1.92–3.26] [-1.92–3.11]

BMI -- -- 0.26; 0.02 0.37; 0.01

-- -- [0.09–0.67] [0.12–0.88]

CCI� 1 3.72; 0.01 2.75; 0.02 0.85; <0.001 0.72; 0.01

[1.27–6.43] [1.12–4.85] [0.46–1.29] [0.34–1.08]

FSH 1.83; <0.001 1.73; <0.001 -- --

[1.04–2.61] [0.94–2.49] -- --

Smoking status 4.32; <0.001 3.69; 0.01 0.53; 0.001 0.40; 0.01

Yes vs. No [1.94–9.27] [1.22–7.19] [0.29–0.75] [0.15–0.69]

Semen abnormalities

No abnormalities Ref Ref Ref Ref

iTZS 2.87; <0.001 2.31; 0.01 0.52; <0.001 0.46; <0.01

[1.1 –-7.13] [0.88–6.39] [0.26–0.79] [0.21–0.75]

iOZS -1.02; 0.31 -1.13; 0.75 0.24; 0.21 0.26; 0.18

[-3.12–7.13] [-2.11–5.26] [-0.14–0.62] [-0.11–0.62]

iAZS 1.21; 0.39 1.05; 0.82 0.1; 0.76 0.14; 0.93

[-7.1–6.12] [-2.13–4.35] [-0.22–0.29] [-0.25–0.28]

Sperm count -0.12; <0.001 0.02; 0.55 -0.002; <0.001 -0.004; 0.98

[-0.17–-0.07] [-0.05–0.09] [-0.003–-0.001] [-0.001–0.08]

Keys: SDF = Sperm DNA fragmentation; NLR = neutrophil-to-lymphocyte ratio; UVA = Univariate model; MVA = Multivariate model, BMI = body mass index;

CCI = Charlson Comorbidity Index; iTZS = Isolated teratozoospermia; iOZS = isolated oligozoospermia; iAZS = isolated asthenozoospermia;

https://doi.org/10.1371/journal.pone.0251608.t003
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Table 4. Descriptive statistics of participants with isolated teratozoospermia according to fertility status (No. =

143).

Fertile Infertile p-value�

No. of individuals 37 (25.8%) 106 (74.1%)

Age (years) 0.1

Median (IQR) 35.0 (33–38) 37.0 (34.0–41)

Range 19–55 19–54

BMI (kg/m2) 0.74

Median (IQR) 24.3 (22.6–26.7) 24.6 (23.0–26.5)

Range 16.7–37.9 19.5–37.7

CCI (score) 0.65

Median (IQR) 0.0 (0.0) 0.0 (0.0)

Median (SD) 0.1 (0.1) 0.1 (0.3)

Range 0–3 0–2

CCI� 1 [No. (%)] 3 (8.1) 9 (8.5) 0.54

Total testis volume (Prader estimation) 0.2

Median (IQR) 22.5 (20–25) 20.0 (15–25)

Range 14–25 10–25

Smoking status [No. (%)] 0.31

No smokers/Former smokers 28 (75.7) 72 (67.9)

Active smokers 9 (24.3) 34 (32.1)

Varicocele [No. (%)] 12 (32.4) 50 (47.2) 0.43

FSH (mUI/mL) 0.21

Median (IQR) 4.1 (3.1–5.3) 3.8 (2.8–4.5)

Range 1.4–12.5 1.3–31.0

LH (mUI/mL) 0.17

Median (IQR) 3.9 (2.5–5.0) 3.1 (2.4–4.6)

Range 2.0–8.5 1.2–8.4

tT (ng/mL) 0.54

Median (IQR) 5.1 (4.1–6.0) 4.7 (3.8–5.8)

Range 2.4–9.3 1.4–9.7

SHBG (nmol/L) 0.19

Median (IQR) 34.0 (31–46) 32.0 (23–41)

Range 27.0–72.0 11.0–99.0

NLR <0.01

Median (IQR) 1.2 (0.8–3.3) 1.9 (1.4–3.1)

Range 0.5–6.8 0.7–5.1

PLR 0.76

Median (IQR) 117.8 (99.6–182.1) 113.6 (90.6–147.5)

Range 12.8–230.1 58.7–270.0

MER 0.29

Median (IQR) 3.3 (2.3–5.3) 3.4 (2.0–5.0)

Range 0.7–15.0 0.6–12.0

Time of abstinence (days) 0.56

Median (IQR) 3.0 (2.0–4.0) 3.0 (2.0–5.0)

Range 0.2–7.0 0.3–7.0

Semen volume (ml) 0.12

Median (IQR) 3.0 (2.0–4.0) 3.0 (2.0–4.0)

Range 0.1–8.0 0.1–8.0

(Continued)
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and elevated SDF values, we could speculate that, from a clinical standpoint, the finding of

iTZS at semen analysis in infertile men should not be considered as a “mild alteration” and

ignored but rather it should prompt a detailed characterization of the inflammatory status and

the rate of DNA damage. In particular, men with iTZS could benefit of SDF testing and, when

appropriate, of treatments able to reduce the level of sperm DNA damage [1].

Despite the aetiology of sperm DNA damage in infertile men is still not completely under-

stood [45], improper packaging and ligation during sperm maturation [46], post-meiosis

defective apoptosis [47] and OS are usually involved [48]. These mechanisms might either

independently or co-dependently being responsible for sperm DNA damage in infertile men

with iTZS. Recent studies have clearly shown that high seminal levels of ROS with decreased

antioxidant enzymes were strongly correlated with increased SDF and sperm chromatin

decondensation in men with iTZS [49]. Moreover, an association between TZS and sperm

apoptosis has been also postulated [50].

Agarwal et al. suggested that spermatozoa with pathological morphology and activated leu-

kocytes were the main source of ROS over-production in semen and that OS might further

lead to structural cell defects [14]. Similarly, Ammar et al. found that ROS generated from

morphologically abnormal spermatozoa along with impaired seminal antioxidant defence may

eventually induce many changes in sperm cells, thus including membrane and DNA damage

and cell death [13].

As a whole, sperm DNA defects as well as apoptosis and seminal OS can be interlinked in

the context of TZS and may constitute a unified pathogenic molecular mechanism.

It is known that systemic inflammation affects spermatogenesis in infertile men, leading

to defects in sperm morphology [32]. Besides, inflammatory diseases increase neutrophils

in the circulation and consequently NLR values [51, 52]. Here we observed that NLR

increased along with the number of sperm alterations in infertile men and that NLR values

were higher in infertile patients with iTZS compared to those either with iOZS or iAZS or

in men with normal semen parameters. Moreover, notwithstanding a counterintuitive

greater prevalence of iTZS was found in fertile than in infertile men, sperm morphology per

se correlates with NLR in infertile men only but not in the fertile counterpart. These find-

ings help speculating that a higher oxidative distress is present in infertile men with iTZS

than in both infertile men with other isolated semen abnormalities and in fertile individuals.

On the one hand, the higher inflammatory status of iTZS men is mirrored by the higher

Table 4. (Continued)

Fertile Infertile p-value�

Sperm concentration <0.01

Median (IQR) 56.0 (32.6–84.0) 48.2 (30.0–82.0)

Range 15.1–131.0 16.2–214.8

Progressive motility 0.54

Median (IQR) 45.0 (39.0–55.0) 45.0 (37–52)

Range 32.1–74.0 32.0–82.0

Normal morphology <0.01

Median (IQR) 2.0 (1.0–2.0) 1.0 (0.0–2.0)

Range 1.0–3.0 0.0–3.0

Keys: BMI = body mass index; CCI = Charlson Comorbidity Index; tT = total Testosterone;

NLR = neutrophil-to-lymphocyte ratio; PLR = platelet-to-lymphocyte ratio; MER = monocyte-to-eosinophil ratio.

� p value according to the Mann Whitney test and Fisher exact test, as indicated.

https://doi.org/10.1371/journal.pone.0251608.t004
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NLR; on the other, the high neutrophil level on blood might also contribute to sperm abnor-

malities. It has been reported that oxidative mechanisms that eventually result in the pro-

duction of reactive oxygen species, the release of several peptides or proteins and the

formation of neutrophil extracellular traps have detrimental effects on seminal parameters

[53]. Accordingly, high NLR could be considered as the consequence of oxidative stress

which is responsible for sperm alterations and increased NLR itself might contribute to

semen alterations. Therefore, current findings are novel compared to previous studies

where an association between NLR and semen parameters was not observed [54, 55].

Important limitations of those studies were the small samples size and the lack of informa-

tion about the fertility status of the normozoospermic control groups.

This significance of this study relies on: i) the large cohort of infertile men evaluated by a

single expert uro/andrologist with a comprehensive diagnostic work-up; and, ii) the presence

of a control group of fertile men with either normal and abnormal semen analyses [56], includ-

ing iTZS, thus recapitulating the everyday clinical practice. Of utmost importance, this study is

novel since it is the first to comprehensively compare infertile men according to isolated

sperm abnormalities. In this context we showed that iOZS men had worse clinical and hor-

monal parameters but iTZS showed worse inflammatory biomarkers among groups.

However, our study has some limitations. First, it was a single academic center study,

thus increasing the risk of selection biases. In particular, the numerical difference among

fertile and infertile group might have influenced our results; thereof, larger studies across

different centers and cohorts are needed to externally validate our findings. Second, the

method employed to assess sperm morphology is very popular in infertility centers because

it is a simple procedure that uses pre-colored slides and does not require the use of chemical

reagents [57, 58], yet not reported by the WHO manual [5]. However, it has to be under-

lined that the procedure implies an External Quality Control (EQC) program coordinated

by the Tuscany region (AOUC Careggi, Florence, Italy). Of note, the evaluation of the per-

centage of morphologically normal and abnormal spermatozoa was performed according to

the WHO guidelines [5]. Third, our analysis lacked data regarding trends over time of

inflammatory parameters, such as NLR. Forth, we lacked data regarding direct markers of

semen OS in both cohorts, which may be of importance in the assessment of a common

pathologic link fostering isolated semen abnormalities, inflammatory status and sperm

DNA damage. However, direct testing of sperm markers of OS is not routine practice and it

is not recommended by most of the current guidelines [1]. Lastly, we did not test sperm

DNA damage in the cohort of fertile men.

Conclusions

In this study, clinical, hormonal and seminal characteristics from infertile and fertile men with

isolated sperm abnormalities were investigated. One out of ten men seeking medical help for

primary couple’s infertility associated with a pure male factor presented with semen parame-

ters suggestive for iTZS. While iTZS emerged to be even more prevalent among same-ethnic-

ity, age-comparable fertile men, infertile men with iTZS had higher NLR than the fertile

counterpart with isolated abnormal sperm morphology. Moreover, iTZS infertile men also

depicted increased levels of sperm DNA fragmentation and of NLR than infertile individuals

with both iAZS, iOZS, or normal semen parameters. Although weak, a significant association

between sperm morphology, markers of systemic inflammation and sperm DNA damage in

primary infertile men was also observed. Hence, the association between iTZS, inflammation

and SDF impairment should hint the investigation of oxidative stress markers and sperm

DNA quality in the everyday clinical practice.
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