


Sperm DNA Fragmentation in Infertile Men: Associations with Semen Parameters and Thyroid Dysfunction
Abstract
Background:
Male infertility accounts for nearly half of all infertility cases and is influenced by multiple biological and environmental factors. Conventional semen analysis provides limited information on sperm function. The sperm DNA fragmentation index (DFI) has emerged as a key biomarker reflecting sperm chromatin integrity and fertilizing potential. Evidence from Indian men remains scarce and inconsistent.
Aim:
To evaluate the association of semen quality, lifestyle habits and systemic conditions with sperm DNA fragmentation among infertile men.
Study Design and place:
A retrospective cross-sectional study conducted at birthright fertility by rainbow hospitals, hyderabad, india.
Materials and Methods:
Records of 326 men evaluated between January 2023 and May 2025 were reviewed. Clinical details including age, body mass index (BMI), infertility type and duration, lifestyle factors, and comorbidities were collected. Semen analysis followed WHO 2021 guidelines. Sperm DFI was assessed using the Sperm Chromatin Dispersion method (Sperm Chroma kit, Cryolab International, India). Correlation and logistic regression analyses identified predictors of poor DFI (>25%).
Results:
The median (IQR) DFI was 24% (19–28%), with 39% showing poor DFI. DFI correlated negatively with sperm count (ρ = –0.313, p < 0.001), motility (ρ = –0.233, p < 0.001), and morphology (ρ = –0.137, p = 0.0135), but not with age or BMI. Hypothyroidism independently predicted higher DFI, while higher sperm count was associated with lower odds of poor DFI.
Conclusion:
Higher DFI was associated with poorer semen parameters and systemic factors such as hypothyroidism, rather than age or lifestyle habits. Incorporating DFI and thyroid screening with routine semen analysis may improve evaluation and management of male infertility.
Keywords:
Sperm DNA fragmentation, hypothyroidism, semen parameters, male infertility



1. INTRODUCTION
Infertility affects approximately 10–15% of couples globally, with male-related causes contributing to nearly half of all cases (Agarwal et al., 2015). While conventional semen analysis remains a standard component of male infertility evaluation, it provides limited insight into the sperm’s fertilizing potential and chromatin quality (Esteves et al., 2021). In recent years, the sperm DNA fragmentation index (DFI) has been recognized as a valuable indicator of sperm nuclear integrity and functional competence (Khandhedia et al., 2025; Cho et al., 2018). Elevated DFI levels have been linked to recurrent implantation failure, miscarriage, and suboptimal outcomes following assisted reproductive technology (Evenson et al., 2012; Simon et al., 2017).
A range of biological and lifestyle factors including increasing paternal age, obesity, smoking, alcohol consumption, systemic diseases, and reproductive pathologies such as varicocele have been implicated in sperm DNA damage (Deenadayal et al., 2020; Al Omrani et al., 2018; Khosravi et al., 2023; Ajayi et al., 2025). However, data from Indian men remain limited, and findings across regional studies have been inconsistent (Deenadayal et al., 2020; Al Omrani et al., 2018; Chua et al., 2023).
The present retrospective study was therefore designed to examine the relationships between semen characteristics, lifestyle factors, and systemic health conditions with sperm DFI among Indian men seeking infertility assessment.

2. MATERIALS AND METHODS
This retrospective study was conducted at birthright fertility by rainbow hospitals, hyderabad. Data of 326 male patients evaluated between January 2023 and May 2025, who underwent both semen analysis and sperm DNA fragmentation (DFI) testing, were included. Clinical details such as age, body mass index (BMI), duration and type of infertility, lifestyle habits (smoking and alcohol use), and comorbidities including diabetes, hypertension, hypothyroidism, and varicocele were retrieved from medical records.Semen samples were obtained after 3–5 days of sexual abstinence and evaluated following the World Health Organization (WHO) 2021 recommendations. The measured parameters included semen volume, sperm concentration, total motility, and morphology.Sperm DNA fragmentation was determined using the Sperm Chromatin Dispersion (SCD) technique with the Sperm Chroma kit (Cryolab International, India). To ensure consistency, samples for DFI analysis were collected within 24–36 hours of abstinence, minimizing variability and reducing oxidative stress from prolonged abstinence. Inclusion criteria were men aged 20 years or older who provided a fresh ejaculate sample with complete semen analysis and valid DFI results.Exclusion criteria were men with a history of febrile illness within the preceding three months, those who tested positive for HIV, hepatitis B, or hepatitis C, patients with a history of chemotherapy or radiotherapy and those with known genetic or chromosomal disorders were excluded from the analysis.



3. STATISTICAL ANALYSIS
Descriptive analysis was carried out by frequency and percentage for categorical variables and median (IQR) for continuous variables due to non-normal data. The chi-square test was used to test the statistical significance of cross-tabulation between categorical variables. Mann-Whitney U test was used to compare median (IQR) of continuous variables between two groups. Spearman correlation coefficient (rho) was used to assess correlation between two continuous variables. Binary logistic regression was used to assess factors associated with binary outcome. For logistic regression, univariate analyses were initially performed, and predictors with a P-value < 0.05 were included in the multivariable model. For univariate regression analyses, the Haldane–Anscombe correction was applied when any one of the cells contained zero events.
P value < 0.05 was considered statistically significant. RStudio Desktop latest version was used for statistical analysis. (Reference: RStudio Team (2025). RStudio: Integrated Development for R. RStudio, PBC, Boston, MA URL http://www.rstudio.com/.)

4. RESULTS
Table 1: Baseline characteristics and semen parameters in the study population (N=326)
	Variables
	Summary statistics

	Age (years), Median (IQR)
	36 (34, 39)

	Age group, n (%)
	 

	<30 years
	9 (2.8%)

	30 to 34 years
	95 (29.1%)

	35 to 39 years
	151 (46.3%)

	≥40 years
	71 (21.8%)

	BMI (kg/m2), Median (IQR)
	28 (26, 31)

	BMI group, n (%)
	 

	Normal
	59 (18.1%)

	Overweight
	159 (48.8%)

	Obese
	108 (33.1%)

	Duration of infertility (years), Median (IQR)
	3 (1, 5)

	Type of infertility, n (%)
	 

	Primary
	175 (53.7%)

	Secondary
	151 (46.3%)

	Smoking, n (%)
	 

	Yes
	63 (19.3%)

	No
	263 (80.7%)

	Alcohol, n (%)
	 

	Yes
	147 (45.1%)

	No
	179 (54.9%)

	Varicocele, n (%)
	 

	Yes
	37 (11.3%)

	No
	289 (88.7%)

	Chronic illness, n (%)
	 

	Diabetes
	51 (15.6%)

	HTN
	44 (13.5%)

	Hypothyroid
	17 (5.2%)

	Hydrocele
	3 (0.9%)

	Hernia
	1 (0.3%)

	Microcalcification
	1 (0.3%)

	Semen volume (ml), Median (IQR)
	2 (1.5, 2.5)

	Sperm count (M/ml), Median (IQR)
	34 (15, 53)

	Total motility (%), Median (IQR)
	52 (40, 60)

	Morphology (%), Median (IQR)
	1 (1, 1)



A total of 326 males with median (IQR) age of 36 (34, 39) years were included in the study. The baseline characteristics and semen parameters are presented in Table 1.

Figure 1: DFI in the study population (N=326)
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The median (IQR) DFI in the study population was 24 (19, 28) %. 39% (n=127) had poor DFI (>25%) and 61% (n=199) had good to excellent DFI (≤25%); 55.2% (N=180) had good DFI (15 to 25%) and 5.8% (n=19) had excellent DFI (<15%). 

Table 2: Spearman correlation coefficient of DFI with different variables
	Variables
	Spearman correlation (rho)
	P-value

	Age (years)
	0.016
	0.775

	BMI (kg/m2)
	-0.0002
	0.997

	Duration of infertility (years)
	0.122
	0.0279

	Semen volume (ml)
	-0.0924
	0.0958

	Sperm count (M/ml)
	-0.313
	<0.001

	Total motility (%)
	-0.233
	<0.001

	Morphology (%)
	-0.137
	0.0135



There was statistically insignificant correlation of DFI with age (ρ = 0.016, P-value = 0.775), BMI (ρ = -0.0002, P-value = 0.997) and semen volume (ρ = -0.0924, P-value = 0.0958). A very weak but statistically significant positive correlation was observed between duration of infertility and DFI (ρ = 0.122, P-value = 0.0279). In contrast, DFI showed a moderate negative correlation with sperm count (ρ = –0.313, P-value < 0.001), a weak negative correlation with total motility (ρ = –0.233, P-value < 0.001) and a very weak negative correlation with morphology (ρ = –0.137, P-value = 0.0135).

Figure 2: Scatter plot depicting correlation of DFI with age and BMI
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Figure 3: Scatter plot depicting correlation of DFI with duration of infertility
[image: ]

Figure 4: Scatter plot depicting correlation of DFI with semen parameters
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Table 3: Association of baseline characteristics and semen parameters with DFI
	Variables
	DFI
	P-value

	
	≤25%
	>25%
	

	Age (years), Median (IQR)
	36 (34, 39)
	36 (34, 40)
	0.653

	Age group, n (%)
	 
	 
	 

	<30 years (n=9)
	4 (44.4%)
	5 (55.6%)
	0.193

	30 to 34 years (n=95)
	55 (57.9%)
	40 (42.1%)
	

	35 to 39 years (n=151)
	101 (66.9%)
	50 (33.1%)
	

	≥40 years (n=71)
	39 (54.9%)
	32 (45.1%)
	

	BMI (kg/m2), Median (IQR)
	28 (25, 30)
	27 (26, 31)
	0.714

	BMI group, n (%)
	 
	 
	 

	Normal (n=59)
	39 (66.1%)
	20 (33.9%)
	0.273

	Overweight (n=159)
	90 (56.6%)
	69 (43.4%)
	

	Obese (n=108)
	70 (64.8%)
	38 (35.2%)
	

	Duration of infertility (years), Median (IQR)
	2 (1, 4)
	3 (1, 5)
	0.021

	Infertility type, n (%)
	 
	 
	 

	Primary (n=175)
	103 (58.9%)
	72 (41.1%)
	0.384

	Secondary (n=151)
	96 (63.6%)
	55 (36.4%)
	

	Smoking, n (%)
	 
	 
	 

	Yes (n=63)
	39 (61.9%)
	24 (38.1%)
	0.876

	No (n=263)
	160 (60.8%)
	103 (39.2%)
	

	Alcohol, n (%)
	 
	 
	 

	Yes (n=147)
	91 (61.9%)
	56 (38.1%)
	0.772

	No (n=179)
	108 (60.3%)
	71 (39.7%)
	

	Varicocele, n (%)
	 
	 
	 

	Yes (n=37)
	17 (45.9%)
	20 (54.1%)
	0.045

	No (n=289)
	182 (63%)
	107 (37%)
	

	Diabetes, n (%)
	 
	 
	 

	Yes (n=51)
	34 (66.7%)
	17 (33.3%)
	0.37

	No (n=275)
	165 (60%)
	110 (40%)
	

	HTN, n (%)
	 
	 
	 

	Yes (n=44)
	27 (61.4%)
	17 (38.6%)
	0.963

	No (n=282)
	172 (61%)
	110 (39%)
	

	Hypothyroid, n (%)
	 
	 
	 

	Yes (n=17)
	5 (29.4%)
	12 (70.6%)
	0.006

	No (n=309)
	194 (62.8%)
	115 (37.2%)
	

	Hydrocele, n (%)
	 
	 
	 

	Yes (n=3)
	1 (33.3%)
	2 (66.7%)
	0.694

	No (n=323)
	198 (61.3%)
	125 (38.7%)
	

	Hernia, n (%)
	 
	 
	 

	Yes (n=1)
	1 (100%)
	0 (0%)
	1.000

	No (n=325)
	198 (60.9%)
	127 (39.1%)
	

	Microcalcification, n (%)
	 
	 
	 

	Yes (n=1)
	0 (0%)
	1 (100%)
	0.821

	No (n=325)
	199 (61.2%)
	126 (38.8%)
	

	Semen volume (ml), Median (IQR)
	2 (1.5, 2.5)
	2 (1.5, 2.5)
	0.407

	Sperm count (M/ml), Median (IQR)
	40 (20, 56)
	21 (10, 45)
	<0.001

	Total motility (%), Median (IQR)
	55 (45, 60)
	49 (30, 59)
	0.001

	Morphology (%), Median (IQR)
	1 (1, 2)
	1 (1, 1)
	0.064



There was statistically significant association of DFI with duration of infertility, varicocele, hypothyroid, sperm count and total motility (p<0.05). The median (IQR) duration of total infertility was 2 (1, 4) years for males with DFI ≤25% and 3 (1, 5) years for males with DFI >25%. Among those with varicocele, 45.9% had DFI ≤25% and 54.1% had DFI >25% whereas among those without varicocele, 63% had DFI ≤25% and 37% had DFI >25%. Among those with hypothyroid, 29.4% had DFI ≤25% and 70.6% had DFI >25% whereas among those without hypothyroid, 62.8% had DFI ≤25% and 37.2% had DFI >25%. The median (IQR) sperm count was 40 (20, 56) M/ml for males with DFI ≤25% and 21 (10, 45) M/ml for males with DFI >25%. The median (IQR) total motility was 55 (45, 60) % for males with DFI ≤25% and 49 (30, 59) % for males with DFI >25%.

Table 4: Binary logistic regression to assess predictors associated with poor DFI
	Variables
	Univariate analysis
	Multivariable analysis

	
	Unadjusted OR 
(95% CI)
	P-value
	Adjusted OR 
(95% CI)
	P-value

	Age (years)
	0.998 (0.948 to 1.052)
	0.949
	 
	 

	BMI (kg/m2)
	1.007 (0.958 to 1.059)
	0.779
	 
	 

	Duration of infertility (years)
	1.106 (1.016 to 1.204)
	0.020
	1.087 (0.994 to 1.188)
	0.068

	Secondary infertility
	0.82 (0.524 to 1.283)
	0.384
	 
	 

	Smoking
	0.956 (0.543 to 1.683)
	0.876
	 
	 

	Alcohol
	0.936 (0.598 to 1.465)
	0.772
	 
	 

	Varicocele
	2.001 (1.004 to 3.987)
	0.049
	1.238 (0.585 to 2.619)
	0.577

	Diabetes
	0.75 (0.399 to 1.408)
	0.371
	 
	 

	HTN
	0.985 (0.513 to 1.89)
	0.963
	 
	 

	Hypothyroid
	4.049 (1.391 to 11.785)
	0.010
	4.624 (1.51 to 14.158)
	0.007

	Hydrocele
	3.168 (0.284 to 35.303)
	0.349
	 
	 

	Hernia
	0.519 (0.021 to 12.839)
	0.689
	 
	 

	Microcalcification
	4.731 (0.191 to 117.049)
	0.342
	 
	 

	Semen volume (ml)
	0.844 (0.604 to 1.178)
	0.319
	 
	 

	Sperm count (M/ml)
	0.975 (0.965 to 0.986)
	<0.001
	0.979 (0.965 to 0.993)
	0.003

	Total motility (%)
	0.974 (0.96 to 0.989)
	0.001
	0.995 (0.976 to 1.01)
	0.637

	Morphology (%)
	0.714 (0.498 to 1.025)
	6.761
	 
	 



According to univariate analysis, higher duration of infertility, varicocele, hypothyroid, lower sperm count and lower motility were statistically significantly associated with poor DFI (P<0.05).
The variables found statistically significant (i.e. P-value <0.05) were taken into final multivariable model. According to multivariable analysis, hypothyroid and lower sperm count were statistically significantly associated with poor DFI (P<0.05). Males with hypothyroid had 4.624 times (adjusted OR: 4.624; 95% CI: 1.51 to 14.158) higher odds of poor DFI as compared to males without hypothyroid. With each M/ml increase in sperm count, the odds of poor DFI decreased by 2.1% (adjusted OR: 0.979; 95% CI: 0.965 to 0.993).
5. DISCUSSION
As this study is retrospective, the relationships observed represent statistical associations rather than causal effects. The link between hypothyroidism and elevated DFI should therefore be interpreted as correlation only. This study demonstrates that sperm DNA fragmentation (DFI) is more strongly related to intrinsic semen quality and underlying systemic disorders than to paternal age or body mass index (BMI). The lack of a significant correlation between DFI and age aligns with the findings of Winkle and Chua et al., who reported minimal variation in sperm DNA integrity across age groups among infertile men (Winkle et al., 2009; Chua et al., 2023). In contrast, Deenadayal Mettler et al. (2020) identified an age-dependent rise in DFI using the sperm chromatin structure assay (SCSA). The narrow age distribution in our study population may have reduced the ability to detect age-related changes in sperm DNA integrity.
Sperm count and motility emerged as the principal determinants of sperm DNA integrity, showing moderate negative correlations with DFI. This pattern mirrors previous studies demonstrating that poorer semen parameters are often associated with higher DNA fragmentation (Khandhedia et al., 2025; Al Omrani et al., 2018). These results highlight that conventional semen analysis alone may not fully reflect genomic competence, supporting the complementary use of DFI testing for a comprehensive evaluation of male fertility potential (Cho et al., 2018; Evenson et al., 2012).
An important observation in this study was the independent association between hypothyroidism and higher DFI. Thyroid hormones regulate testicular development, spermatogenesis, and sperm maturation; their deficiency may impair chromatin condensation and promote oxidative stress, leading to DNA damage (Agarwal et al., 2005). This emphasizes the need to evaluate thyroid function during the assessment of male infertility.
The observed link between varicocele and increased DFI supports the hypothesis that oxidative stress contributes significantly to sperm DNA damage in affected individuals. Earlier studies have also shown that varicocelectomy can improve sperm genomic stability (Cho et al., 2018; Agarwal et al., 2023).
Lifestyle factors such as smoking, alcohol use, and BMI did not significantly affect DFI in our data. Comparable findings were noted by Khosravi et al. (2023) and Chua et al. (2023). Differences in methodology, sample demographics, and exposure accuracy may explain inconsistent results across studies.
Overall, these findings suggest that sperm DNA integrity is more reflective of underlying testicular and systemic health than demographic characteristics alone. Although routine semen analysis remains useful, integrating DFI testing may enhance diagnostic precision in idiopathic male infertility and help tailor interventions such as antioxidant therapy, hormonal correction, or varicocele repair (Cho et al., 2018; Agarwal et al., 2023).
While the retrospective design and limited age variability restrict causal inferences, the large sample size and consistent methodology strengthen the reliability of the associations observed. Further prospective, multicenter studies are warranted to explore the combined impact of age, endocrine function, and oxidative stress on sperm DNA integrity.
6. STRENGTH AND LIMITATIONS
This study has limitations, Its retrospective design limits the ability to establish temporal or causal relationships. Additionally, oxidative stress markers and detailed hormonal profiles were not available in the records, which could have provided deeper mechanistic insight. Despite these limitations, the large sample size and uniform testing procedures strengthen the reliability of the observations.
7. CLINICAL IMPLICATIONS
The observed associations emphasize the potential usefulness of incorporating DFI evaluation and thyroid screening into routine male infertility work-ups. Identifying elevated DFI or untreated hypothyroidism can support more targeted counseling, guide therapeutic interventions and improve decision-making in cases with unexplained infertility or borderline semen parameters.

8. CONCLUSION
In this study, higher DFI showed stronger associations with poorer semen parameters and with systemic conditions such as hypothyroidism and varicocele, whereas no significant associations were observed with age, BMI, or lifestyle habits. These findings highlight the importance of integrating sperm DNA integrity assessment and thyroid screening into routine male infertility evaluation, particularly in cases with borderline semen parameters or unexplained infertility, to improve diagnostic accuracy and treatment outcomes.
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