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Objective


This study aimed to investigate the influence of lifestyle factors on the sperm DNA fragmentation index (DFI) in infertile men, and to develop and validate a predictive model for identifying individuals at risk of abnormal DFI.







Methods


A total of 746 infertile men who underwent intracytoplasmic sperm injection and embryo transfer (ICSI-ET) at the Obstetrics and Gynecology Hospital affiliated with Tongji University from June 2023 to December 2024 were included as the training cohort, while 308 infertile men treated at Xinhua Hospital affiliated with Shanghai Jiao Tong University School of Medicine from January to June 2024 served as the external validation cohort. Data were collected using structured questionnaires, including general demographic information, the Athens Insomnia Scale (AIS), and the Chinese version of the Perceived Stress Scale (CPSS). DFI values were obtained from semen analyses. Least Absolute Shrinkage and Selection Operator (LASSO) regression was applied to identify potential predictors, followed by multivariable logistic regression to determine the final independent factors. A nomogram was developed and validated internally and externally. Model performance was evaluated using the area under the receiver operating characteristic curve (AUC), calibration curves, and the Hosmer–Lemeshow goodness-of-fit test.







Results


Among the 746 participants, 237 (31.8%) exhibited abnormal DFI (>30%). Six independent predictors—age, body mass index (BMI), smoking, hot spring bathing, stress, and daily exercise duration—were identified as significant factors associated with abnormal DFI (all P< 0.05). The model showed excellent discrimination, with an AUC of 0.819 (95% CI: 0.771–0.867) in the training cohort and 0.814 (95% CI: 0.718–0.909) in the validation cohort. Calibration tests (Hosmer–Lemeshow P=0.798 and 0.817, respectively) indicated good model fit. In the external validation cohort, the AUC was 0.764 (95% CI: 0.707–0.821), suggesting satisfactory generalizability.







Conclusion


A predictive model incorporating six modifiable lifestyle factors was developed and validated for assessing the risk of abnormal sperm DFI in infertile men. This nomogram provides a simple and clinically practical tool for early screening and individualized intervention to improve reproductive outcomes.
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1 Introduction


Infertility has become an increasingly significant public health concern, affecting approximately 10%–15% of couples worldwide. Male factors alone account for about 30% of infertility cases, while combined male and female factors contribute to an additional 20% (1). In addition to conventional semen analysis, the sperm DNA fragmentation index (DFI) has emerged as an important biomarker for assessing sperm quality and male fertility potential (2). However, the association between DFI and assisted reproductive outcomes remains controversial. Some studies have reported that elevated DFI levels do not significantly influence the success rate of intracytoplasmic sperm injection (ICSI) (3), whereas others have demonstrated that DFI can predict pregnancy outcomes, embryo development potential, implantation rates, and the risk of genetic abnormalities (4, 5). Despite these inconsistencies, DFI is increasingly recognized as a valuable diagnostic indicator of male reproductive health. Lifestyle, defined as a pattern of daily behaviors and habits shaped by social context and personal values, encompasses multiple dimensions such as diet, exercise, sleep, stress, and environmental exposures (6). Increasing evidence indicates that lifestyle plays a crucial role in determining semen quality (7). Unhealthy behaviors, including smoking, physical inactivity, obesity, and chronic stress, can increase oxidative stress, leading to sperm DNA damage and impaired fertility potential. According to the World Health Organization Laboratory Manual for the Examination and Processing of Human Semen (6th Edition) (8), the clinical application of DFI testing is limited by cost and technical requirements, restricting its routine use in most healthcare settings. Therefore, identifying easily obtainable and noninvasive indicators that can predict abnormal DFI is of great clinical importance. In this context, the present study aimed to investigate the association between lifestyle factors and DFI in infertile men undergoing ICSI and to construct a predictive model based on these variables. By establishing and validating a nomogram, we sought to provide clinicians with a convenient and cost-effective tool for early identification of patients at risk of abnormal sperm DFI, thereby facilitating personalized counseling and preventive interventions.2.1.






2 Materials and methods





2.1 Study population and inclusion/exclusion criteria


This study included infertile men who underwent intracytoplasmic sperm injection and embryo transfer (ICSI-ET) treatment at the Reproductive Medicine Center of the Obstetrics and Gynecology Hospital affiliated with Tongji University between March 2023 and December 2023. ICSI was indicated for patients with severe male-factor infertility such as oligozoospermia, asthenozoospermia, teratozoospermia, or elevated sperm DFI. The decision to perform ICSI was based on established clinical criteria rather than DFI values alone, minimizing potential treatment bias associated with DFI levels.


Inclusion criteria were as follows: (1) meeting the diagnostic criteria for male infertility defined in the World Health Organization Laboratory Manual for the Examination and Processing of Human Semen (6th Edition)8 and undergoing ICSI-assisted conception; (2) normal male reproductive and physical examination results, without a history of conditions affecting sperm quality (e.g., reproductive tract infection, varicocele, or prostatitis); (3) no prior treatment or medication known to influence semen parameters before semen analysis; and (4) voluntary participation in the study.


Exclusion criteria included: (1) chromosomal abnormalities; (2) use of donor sperm, surgical sperm retrieval, or cryopreserved sperm for conception; (3) presence of severe chronic disease, malignancy, or other significant systemic conditions; (4) cases involving preimplantation genetic testing due to chromosomal or genetic abnormalities; (5) major life events within one month (e.g., bereavement, unemployment); and (6) unwillingness to complete the questionnaire.






2.2 Estimation method for sample size


To determine the sample size, we applied Riley’s sample size calculation method (9), using the formula:



n
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(

1
−

R
2


)

·
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Previous surveys reported a detection rate of low DFI quality in Chinese infertile men of 43.19% (10), so we set P=0.43. The expected variance R2 was estimated using the empirical formula R2 = 2 x (AUC - 0.05). Based on the AUC value of 0.819 from the modeling group, treated as a pilot study, we calculated R2 = 0.671. This yielded a minimum sample size of 704 participants. Ultimately, 746 participants were enrolled in the study. All participants provided informed consent, and the study was conducted in accordance with the ethical principles of the Declaration of Helsinki. Ethical approval was obtained from the Ethics Committee of Tongji University Affiliated Obstetrics and Gynecology Hospital (Approval No.: KS2313).






2.3 Methods





2.3.1 Survey instruments


	
General Demographic Data: A questionnaire was designed based on the Chinese Expert Consensus on Male Fertility Assessment (11), capturing the following variables: age, body mass index (BMI), household registration type, education level, employment status, exposure to high-risk occupational environments (e.g., high temperatures, radiation, or radioactive substances), smoking history (>20 cigarettes/day), alcohol consumption (40°–68°, >100 mL/day), habitual cola intake (>500 mL/day), habitual strong tea intake (>500 mL/day), habitual coffee intake (>500 mL/day), average daily exercise duration, average daily sleep duration, and sauna use (>once per week).


	
Athens Insomnia Scale (AIS) (12): Developed by Soldatos et al., this scale comprises eight items, each scored from 0 (none) to 3 (severe), yielding a total score ranging from 0 to 24. Higher scores indicate more severe insomnia. Scores of 0–3 suggest no sleep disorder, 4–6 indicate suspected insomnia, and >6 confirm insomnia. The scale demonstrates high reliability, with a Cronbach’s α coefficient of 0.880.


	
Chinese Version of the Perceived Stress Scale (CPSS) (12): Originally developed by Cohen et al. in 1983 and adapted by Yang Tingzhong et al. in 2003, this scale consists of 14 items across two dimensions, with a Cronbach’s α of 0.780, indicating strong structural validity. Total scores of 11–26 reflect low perceived stress, 27–41 indicate moderate stress, and >42 signify high stress levels.


	
Serum Total Testosterone Level: A 3 mL fasting venous blood sample was collected, and serum was separated and analyzed using chemiluminescence immunoassay to measure total testosterone levels.


	
DNA Fragmentation Index (DFI): Sperm chromatin structure assay (SCSA) was performed in accordance with the World Health Organization Laboratory Manual for the Examination and Processing of Human Semen (6th Edition) (8) to evaluate DFI.









2.3.2 Data collection


With participants’ informed consent, researchers conducted a cross-sectional survey on the day their medical records were established, provided they met the inclusion and exclusion criteria. Participants were instructed to complete the questionnaire independently, reflecting their actual circumstances, in a private environment with ample time provided. All questionnaires were reviewed for completeness prior to collection. A total of 800 questionnaires were distributed, and 746 valid responses were collected, resulting in an effective response rate of 93.25%. DFI data were retrieved from semen analysis reports recorded in the Hospital Information System.






2.3.3 Data classification


Previous studies suggest that in couples undergoing ICSI treatment, a sperm DFI >30% may exceed the DNA repair capacity of sperm and oocytes (13), potentially impacting IVF-ET outcomes. Accordingly, this study established a DFI threshold of >30% to indicate abnormal DFI. Participants with DFI >30% were assigned to the observation group, while those with DFI ≤30% were designated as the control group.







2.4 Statistical analysis


Continuous variables were expressed as mean ± standard deviation (SD) for normally distributed data or as median (interquartile range) for non-normally distributed data. Group comparisons for normally distributed continuous variables were conducted using the independent samples t-test. Categorical variables were reported as counts (percentages), with differences between groups analyzed using the χ² test. A p-value< 0.05 was considered statistically significant.


The study population was randomly divided into a modeling group and a validation group in an 8:2 ratio using a random number table method. Using data from the modeling group, LASSO regression analysis was performed with the “glmnet” package in R 4.2.1 to identify potential predictors. Multivariate logistic regression was then applied to determine the final predictors. A nomogram model for predicting DFI quality in infertile men was developed using the “rms” package in R 4.2.1. The discriminative ability of the nomogram was evaluated by plotting a receiver operating characteristic (ROC) curve based on the validation group data. Additionally, a calibration curve was generated to assess and refine the model’s performance, and the Hosmer-Lemeshow goodness-of-fit test was used to evaluate model accuracy.







3 Results





3.1 Comparison of clinical data on DFI status in infertile men


This study included 746 infertile male participants, of whom 237 had a DFI >30% and 509 had a DFI ≤30%, all meeting the inclusion criteria. Univariate analysis revealed significant differences between the two groups (p< 0.05) in age, BMI, smoking, alcohol consumption, daily exercise duration, exposure to high-risk occupational environments, sauna use, perceived stress, and insomnia. Detailed results are presented in 
Table 1
.



Table 1 | 
Univariate analysis of factors related to sperm fragmentation index in infertile male patients (n=746).





	Item

	Normal (n=509)

	Abnormal (n=237)

	
x2/t


	
P







	Age (year)
	 
	 
	51.790
	<0.001



	20~29
	72(14.15%)
	23(9.70%)
	 
	 



	30~39
	375(68.76%)
	129(54.43%)
	 
	 



	39~49
	87(17.09%)
	70(29.54%)
	 
	 



	>49
	0
	15(6.33%)
	 
	 



	BMI (kg/m2)
	 
	 
	28.457
	<0.001



	18.5~23.9
	122 (23.97%)
	24 (10.13%)
	 
	 



	23.9~27.9
	287 (56.38%)
	134 (56.54%)
	 
	 



	≥28.0
	100 (19.65%)
	79 (33.33%)
	 
	 



	Occupational Status
	 
	 
	2.363
	0.124



	Non-employed
	94 (18.47%)
	33 (13.92%)
	 
	 



	Employed
	415 (81.53%)
	204 (86.08%)
	 
	 



	Account
	 
	 
	1.675
	0.196



	Urban
	479 (94.11%)
	217 (91.56%)
	 
	 



	Agriculture
	30 (5.89%)
	20 (8.44%)
	 
	 



	Educational level
	 
	 
	1.814
	0.404



	High school and below
	157 (30.84%)
	78 (32.91%)
	 
	 



	College/Undergraduate
	266 (52.26%)
	128 (54.01%)
	 
	 



	Master’s degree or above
	86 (16.90%)
	31 (13.08%)
	 
	 



	Smoking
	 
	 
	43.831
	<0.001



	NO
	438 (86.05%)
	154 (64.98%)
	 
	 



	YES
	71 (13.95%)
	83 (35.02%)
	 
	 



	Drinking
	 
	 
	39.821
	<0.001



	NO
	446 (87.62%)
	162 (68.35%)
	 
	 



	YES
	63 (12.38%)
	75 (31.65%)
	 
	 



	Cola
	 
	 
	0.231
	0.631



	NO
	148 (29.08%)
	73 (30.80%)
	 
	 



	YES
	361 (70.92%)
	164 (69.20%)
	 
	 



	Tea
	 
	 
	0.264
	0.607



	NO
	212 (41.65%)
	94 (39.66%)
	 
	 



	YES
	297 (58.35%)
	143 (60.34%)
	 
	 



	Coffee
	 
	 
	1.093
	0.296



	NO
	369 (72.49%)
	163 (68.78%)
	 
	 



	YES
	140 (27.51%)
	74 (31.22%)
	 
	 



	Sleep Time(h)
	 
	 
	5.596
	0.133



	<5
	93 (18.27%)
	41 (17.30%)
	 
	 



	5~7
	267 (52.46%)
	119 (50.21%)
	 
	 



	7~9
	144 (28.29%)
	69 (29.11%)
	 
	 



	>9
	5 (0.98%)
	8 (3.38%)
	 
	 



	Exercise Time(h)
	 
	 
	52.248
	<0.001



	none
	98 (20.51%)
	94 (39.66%)
	 
	 



	0~0.5
	115 (21.66%)
	68 (28.69%)
	 
	 



	0.5~1
	181 (35.48%)
	41 (17.30%)
	 
	 



	>1
	115 (22.35%)
	34 (14.35%)
	 
	 



	High risk working environment
	 
	 
	12.304
	<0.001



	NO
	441 (86.64%)
	181 (76.37%)
	 
	 



	YES
	68 (13.36%)
	56 (23.63%)
	 
	 



	Hot Spring
	 
	 
	33.452
	<0.001



	NO
	487 (95.68%)
	197 (83.12%)
	 
	 



	YES
	22 (4.32%)
	40 (16.88%)
	 
	 



	Insomnia
	 
	 
	29.255
	<0.001



	None
	272 (53.44%)
	83 (35.02%)
	 
	 



	Suspected Insomnia
	154 (30.25%)
	80 (33.76%)
	 
	 



	Insomnia
	83 (16.31%)
	74 (31.22%)
	 
	 



	Stress
	 
	 
	19.369
	<0.001



	Low pressure
	308 (60.51%)
	103 (43.46%)
	 
	 



	Moderate pressure
	135 (26.52%)
	94 (39.66%)
	 
	 



	High pressure
	66 (12.97%)
	40 (16.88%)
	 
	 



	Testosterone
	4.87 ± 1.46
	4.67 ± 1.65
	1.722
	0.085














3.2 LASSO regression selection results


In the modeling cohort, LASSO regression analysis determined the optimal penalty coefficient λ as 0.0253 through cross-validation, reducing the number of variables from nine to six potential predictors: Age, Smoking, BMI, hot spring, Stress and daily exercise time. See 
Figures 1
 and 
2
.


[image: Plot showing binomial deviance against the log of lambda. Red dots represent deviance values, with vertical error bars. Two vertical dashed lines indicate lambda.min and lambda.1se, colored red and green, respectively. The deviance decreases to a minimum around log(lambda) = -4, then increases.]
Figure 1 | 
The dynamic process of variable screening in lasso regression.




[image: A line plot showing coefficients of variables against negative natural log of lambda. Variables include Stress, Smoking, BMI, Hot Spring, AGE, and Exercise time. Each variable has a distinct color. A vertical dashed line at lambda equals 0.0253 is present. Coefficients vary across the lambda range from 2 to 7.]
Figure 2 | 
Cross-validation optimal parameter λ selection process.








3.3 Multivariate logistic regression analysis of factors affecting DFI in infertile men


Multivariate logistic regression was conducted to validate the variables identified through univariate analysis. Using abnormal DFI in infertile men as the dependent variable and the six factors selected via LASSO regression as independent variables, the analysis was performed. Variable assignments are detailed in 
Table 2
. The results identified BMI, smoking, sauna use, age (40–49 years), daily exercise duration, and perceived stress as independent risk factors for DFI quality in infertile men (p< 0.05). Detailed results are presented in 
Table 3
.



Table 2 | 
Independent variable assignment.





	Variable

	Assignment






	Outcome variable




	DFI
	0= Normal, 1= Abnormal



	Predictor




	BMI
	0 = 18.5~23.9, 1 = 24~27.9, 2=≥28.0



	Smoking
	0=NO, 1=YES



	Hot Spring
	0=NO, 1=YES



	Exercise Time (h)
	0= None, 1 = 0~0.5, 2 = 0.5~1, 3=>1h



	Age(year)
	0 = 20~29, 1 = 30~39, 2 = 40~49, 3= >49



	Stress
	0= Low pressure, 1= Moderate pressure, 2= High pressure











Table 3 | 
Multivariate logistic regression analysis of factors influencing DFI in infertile male patients (n=746).





	Item

	B

	S.E.

	Wald

	P

	OR

	95%CI






	Constant
	-2.091
	0.401
	27.203
	<0.001
	0.124
	0.101~0.157



	BMI (based on 18.5-23.9 as a reference)
	 
	 
	21.284
	<0.001
	 
	 



	24~27.9
	0.999
	0.290
	11.862
	0.001
	2.716
	1.538~4.795



	≥28.0
	1.458
	0.316
	21.254
	<0.001
	4.296
	2.312~7.984



	Smoking (based on NO as a reference)
	1.096
	0.213
	26.375
	<0.001
	2.993
	1.970~4.547



	Hot Spring (based on NO as a reference)
	1.415
	0.309
	20.925
	0.001
	4.115
	2.245~7.544



	Exercise Time (based on NONE as a reference)
	 
	 
	32.719
	0.001
	 
	 



	0~0.5
	-0.273
	0.238
	1.315
	0.252
	0.761
	0.478~1.213



	0.5~1
	-1.328
	0.250
	28.273
	0.001
	0.265
	0.162~0.432



	>1h
	-0.831
	0.268
	9.571
	0.002
	0.436
	0.257~0.738



	Age (based on 20~29 as a reference)
	 
	 
	9.294
	0.026
	 
	 
	 



	30~39
	0.025
	0.287
	0.008
	0.930
	1.025
	0.584~1.801



	40~49
	0.656
	0.319
	4.227
	0.040
	1.928
	1.031~3.604



	>49
	21.999
	9427.540
	0.000
	0.998
	3.582E+9
	0.000~



	Stress (based on Low pressure as a reference)
	 
	 
	12.915
	0.002
	 
	 



	Moderate pressure
	0.646
	0.201
	10.282
	0.001
	1.908
	1.285~2.831



	High pressure
	0.663
	0.259
	27.203
	0.010
	1.940
	1.169~3.221














3.4 Construction of a nomogram model for DFI quality in infertile men


Using R 4.2.1, a nomogram model for predicting DFI quality in infertile men was developed based on multivariate logistic regression analysis, incorporating the six selected predictive factors. The nomogram’s total score ranges from 0 to 550 points, with the bottom axis indicating the probability of abnormal DFI. Higher total scores correspond to an increased risk of abnormal DFI. See 
Figure 3
 for details.


[image: Chart showing a point allocation system for various factors affecting DFI risk. Categories include age, BMI, smoking, hot spring visits, exercise time, and stress. Each factor has specific point assignments, and total points correlate with DFI risk levels, ranging from 0.05 to 0.95.]
Figure 3 | 
A column chart model for abnormal DFI quality in infertile men.








3.5 Validation of the nomogram model


The discriminative ability of the nomogram model was evaluated by plotting receiver operating characteristic (ROC) curves. In the modeling set, the area under the curve (AUC) was 0.819 (95% CI: 0.771–0.867), with a sensitivity of 0.772 and specificity of 0.743. In the validation set, the AUC was 0.813 (95% CI: 0.718–0.909), with a sensitivity of 0.917 and specificity of 0.601 (see 
Figure 4
). Calibration curves were generated, and the Hosmer-Lemeshow goodness-of-fit test was performed to assess model fit. In the modeling set, the test yielded a p-value of 0.798 and a Brier score of 0.139; in the validation set, the p-value was 0.817 with a Brier score of 0.148, indicating strong model consistency and good fit (see 
Figure 5
).


[image: Plot A and Plot B are ROC curves comparing model performance. Plot A is for the training set with an AUC of 0.819, plotted in blue. Plot B is for the validation set with an AUC of 0.813, plotted in green. Both plots have sensitivity on the y-axis and 1-specificity on the x-axis.]
Figure 4 | 
ROC curve of the nomogram model for predicting abnormal DFI quality in infertile men. (A) Training set. (B) Validation set.




[image: Calibration curves for training and validation sets are shown. Both plots compare actual versus predicted probability, with an ideal diagonal line, logistic calibration, and nonparametric fit. Key statistics are provided, such as C (ROC), Brier score, and slope, indicating model performance.]
Figure 5 | 
Calibration curve of the nomogram model for predicting abnormal DFI quality in infertile men. (A) Training set. (B) Validation set.








3.6 External validation of column chart model


For external validation, 308 infertile men who underwent ICSI-ET at the Reproductive Medicine Center of Xinhua Hospital, affiliated with Shanghai Jiao Tong University School of Medicine, from January to June 2024 were selected. Of these, 93 had abnormal DFI quality. The nomogram model developed in this study was applied for validation. ROC curve analysis yielded an AUC of 0.764 (95% CI: 0.707–0.821), with a sensitivity of 0.431 and specificity of 0.861 (see 
Figure 6
). Calibration curves were generated, and the Hosmer-Lemeshow goodness-of-fit test was performed, resulting in a p-value of 0.938 and a Brier score of 0.177, indicating robust predictive performance in external validation (see 
Figure 7
).


[image: ROC curve for external validation. Sensitivity is plotted against specificity, with a blue line representing the model performance. The curve bows towards the top left, indicating good model accuracy.]
Figure 6 | 
ROC curve for external validation of column chart model.




[image: Calibration curve for external validation, showing actual versus predicted probability. Three lines are plotted: apparent (solid line), bias-corrected (solid line), and ideal (dashed line). The x-axis is predicted probability, and the y-axis is actual probability.]
Figure 7 | 
Calibration curve for external validation of column chart model.









4 Discussion


The DNA fragmentation index (DFI) is a critical measure of sperm quality, directly reflecting sperm DNA integrity and serving as a key indicator in fertility assessments (14). Sperm DNA damage arises from a combination of irreversible factors, such as urinary tract infections, testicular injuries, chemotherapy, or radiotherapy, and modifiable lifestyle factors, including environmental exposures, diet, and psychological stress, which contribute to varying degrees of sperm DNA damage (15). As work patterns and environmental conditions evolve, lifestyle and mental stress among reproductive-age individuals have significantly changed, with poor lifestyle choices emerging as a leading threat to reproductive health globally and in China (16).


Our study investigated the impact of lifestyle factors on DFI in infertile men undergoing ICSI-assisted reproduction and developed a predictive nomogram model to identify high-risk factors early, supporting clinicians in implementing timely interventions and designing personalized, evidence-based fertility treatment plans to enhance sperm quality and fertility outcomes. Although the external validation AUC was slightly lower (0.764, 95% CI: 0.707–0.821) compared to the modeling set (0.819, 95% CI: 0.771–0.867; sensitivity: 0.772, specificity: 0.743, Brier score: 0.139) and validation set (0.813, 95% CI: 0.718–0.909; sensitivity: 0.917, specificity: 0.601, Brier score: 0.148), possibly due to differences in data distribution, limited sample size, or restricted feature variables, the model retained strong predictive ability and generalizability across populations. Higher specificity and lower Brier scores indicate a reduced likelihood of misdiagnosis. LASSO regression, ideal for high-dimensional datasets, was used to select relevant predictors and address multicollinearity (17), and combined with multivariate logistic regression, it identified six key risk factors—BMI, smoking, sauna use, age (40–49 years), daily exercise duration, and perceived stress—enabling the construction of a robust predictive model.


Our study aimed to investigate the impact of lifestyle factors on sperm DNA fragmentation index (DFI) in infertile men and develop a predictive nomogram model for risk assessment. A previous study in China developed a DFI prediction model based on traditional Chinese medicine syndromes and semen quality parameters, reporting an AUC of 0.745 (95% CI: 0.714–0.776) (18). While that study partially explored the predictive value of lifestyle factors on DFI, our research incorporated more specific lifestyle variables and achieved a higher AUC (0.819 for the modeling set, 95% CI: 0.771–0.867; 0.813 for the validation set, 95% CI: 0.718–0.909), indicating improved predictive performance. However, more comprehensive and precise data are needed to further identify risk factors associated with DFI and develop a more robust predictive model.


This study identified overweight/obesity, smoking, lack of exercise, sauna use, psychological stress, and advanced age as key contributors to abnormal sperm DNA fragmentation index (DFI) in infertile men, primarily through spermatogenic disorders and oxidative stress (19, 20). Oxidative stress, driven by excessive reactive oxygen species (ROS), activates apoptosis pathways, causing abnormal spermatogenesis in the testes and directly damaging sperm lipid membranes and DNA during transport, leading to elevated DFI (21, 22). High BMI, often linked to a high-calorie diet prevalent in this population, increases visceral fat, where aromatase converts testosterone to estradiol, suppressing the hypothalamic-pituitary-gonadal axis and reducing androgen levels, which impairs spermatogenesis and sperm maturation (23). Smoking elevates ROS in seminal plasma by increasing white blood cells or reducing antioxidant levels, resulting in DNA breaks (24). Regular exercise promotes testosterone production, but prolonged inactivity is associated with obesity, disrupting sperm DNA integrity (25), while intense exercise may decrease superoxide dismutase activity in testicular tissues and elevate inflammatory cytokines like interleukin-6, causing testicular damage, increased DFI, and higher ROS levels (26). Sauna use and similar activities raise testicular temperature, boosting ROS production and damaging sperm membranes, leading to testicular cell apoptosis and DFI fragmentation (27). Psychological stress disrupts hormone secretion and neurotransmitter metabolism, including monoamines and peptides, impairing the hypothalamic-pituitary-adrenal and gonadal axes, which elevates oxidative stress and inflammatory factors, further compromising DFI integrity (28). Additionally, advanced age was confirmed to negatively impact DFI quality, as cumulative unhealthy lifestyle effects exacerbate sperm nuclear immaturity, disrupt the protamine-to-histone ratio, impair chromatin packaging, and weaken DNA protection, increasing sperm DNA damage, consistent with prior research (29, 30).


Despite including a limited number of clinical variables, this study achieved favorable AUC values and demonstrated strong consistency between the training and validation sets, with the detection of these indicators being straightforward, easily obtainable, and feasible for implementation across hospitals of varying levels. Although the study focused on infertile men undergoing ICSI, the model’s applicability extends to the general male population, offering significant public health implications. Lifestyle profoundly influences reproductive health, and the core predictors identified in this model—BMI, smoking, lack of exercise, sauna use, stress, and advanced age—can serve as early warning indicators for reproductive health risks in men. Future research could apply this nomogram model in community health screenings to identify individuals at high risk for abnormal DFI and initiate preventive interventions to reduce infertility rates. While the model provides robust predictive value for early DFI screening in infertile men, its results should be used as an adjunct tool, with final diagnoses requiring confirmation through laboratory testing.


This study has several limitations. The cross-sectional design limits the ability to establish causality, and future research could employ longitudinal data with cross-lag models to better assess the directional impact of lifestyle factors on DFI. Additionally, the study focused on a limited set of risk factors, excluding environmental pollutants known to affect DFI, possibly due to constraints in sample size or statistical methods. Although the sample size was determined using Riley’s method, future studies should incorporate larger, multicenter, cross-regional samples and leverage advanced machine learning techniques to develop more accurate prediction models. Furthermore, as the study population comprised infertile men undergoing ICSI with a clear infertility diagnosis, the model’s predictive efficacy may be reduced or inapplicable for non-infertile males; future research should include broader male populations to thoroughly explore lifestyle impacts on sperm quality and develop dynamic classification models. Finally, incorporating embryo culture and pregnancy outcomes in future studies would provide more clinically relevant insights into the prognostic value of sperm DFI.






5 Conclusion


This study developed and validated an early predictive nomogram model for sperm DNA fragmentation index (DFI) quality in infertile men, based on six lifestyle factors, demonstrating significant predictive value and clinical applicability. Using LASSO regression and multivariate logistic regression, we identified BMI, smoking, sauna use, daily exercise duration, age (40–49 years), and psychological stress as independent risk factors for elevated DFI. By employing the nomogram derived from these factors, clinicians can directly estimate the probability of abnormal DFI, providing a robust tool for comprehensive semen quality assessment in infertile populations and guiding timely interventions to improve clinical outcomes and develop personalized treatment plans.









Data availability statement


The datasets used in this study are not publicly available due to institutional restrictions and privacy concerns. Requests to access the datasets should be directed to wangkeyfy@126.com.







Ethics statement


This study was approved by the Ethics Committee of Tongji University Affiliated Obstetrics and Gynecology Hospital (Approval No.: KS2313) and was conducted in accordance with the Declaration of Helsinki. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.







Author contributions


MP: Conceptualization, Formal Analysis, Writing – original draft. YZ: Data curation, Software, Writing – review & editing. NQ: Conceptualization, Writing – review & editing. YX: Formal Analysis, Methodology, Writing – review & editing. SN: Data curation, Investigation, Writing – review & editing. WC: Conceptualization, Supervision, Writing – review & editing. XH: Conceptualization, Supervision, Writing – review & editing. KW: Conceptualization, Data curation, Project administration, Resources, Supervision, Validation, Writing – review & editing.







Funding


The author(s) declare financial support was received for the research and/or publication of this article. This study was supported by National Natural Science Foundation of China Youth Project(82201882); Shanghai Natural Science Foundation Project (23ZR1450200); Project of Obstetrics and Gynecology Hospital Affiliated to Tongji University (2023HL20); and Shanghai Nursing Association Excellent Youth Nurse Training Program.







Conflict of interest


The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.







Generative AI statement


The author(s) declare that no Generative AI was used in the creation of this manuscript.


Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.







References

	

 World Health Organization
. WHO laboratory manual for the examination and processing of human semen. 5th ed. Geneva: World Health Organization Press (2010).



	

 Liu MH, Liu PR, Chang YJ, Xu BY, Wang NZ, Qin L, et al. Genome-wide DNA methylation profiles and small noncoding RNA signatures in sperm with a high DNA fragmentation index. J Assisted Reprod Genet. (2022) 39:2255–74. doi: 10.1007/s10815-022-02618-6, PMID: 36190595



	

 Blachman-Braun R, Best JC, Sandoval V, Lokeshwar SD, Patel P, Kohn T, et al. Sperm DNA fragmentation index and high DNA stainability do not influence pregnancy success after intracytoplasmic sperm injection. F S Rep. (2020) 1:233–8. doi: 10.1016/j.xfre.2020.08.005, PMID: 33345199



	

 Esteves SC, Zini A, Coward RM, Evenson DP, Gosálvez J, Lewis SEM, et al. Sperm DNA fragmentation testing: summary evidence and clinical practice recommendations. Andrologia. (2021) 53:e13874. doi: 10.1111/and.13874, PMID: 33108829



	

 Nicopoullos J, Vicens-Morton A, Lewis S, Lee K, Larsen P, Ramsay J, et al. Novel use of COMET parameters of sperm DNA damage may increase its utility to diagnose male infertility and predict live births following both IVF and ICSI. Hum Reprod. (2019) 34:1915–23. doi: 10.1093/humrep/dez151, PMID: 31585464



	

 Yang Q, Li M, Zhu H, Wang Q, Cao X, Tian JW, et al. Overview of lifestyle medicine. Chin J Health Manage. (2022) 16:588–92. doi: 10.3760/cma.j.cn115624-20211121-00710




	

 Szabó A, Váncsa S, Hegyi P, Váradi A, Forintos A, Filipov T, et al. Lifestyle-, environmental-, and additional health factors associated with an increased sperm DNA fragmentation: a systematic review and Meta-analysis. Reprod Biol Endocrinol. (2023) 21:5. doi: 10.1186/s12958-023-01054-0, PMID: 36653793



	

 World Health Organization
. WHO laboratory manual for the examination and processing of human semen. 6th ed. Geneva: World Health Organization Press (2021).



	

 Riley RD, Ensor J, Snell KIE, Harrell Jr Martin FE GP, Reitsma JB, et al. Calculating the sample size required for developing A clinical prediction model. BMJ. (2020) 368:M441. doi: 10.1136/bmj.m441, PMID: 32188600



	

 Huang X, Wang C, Wang H, Yao B, Chen L. The impact of sperm DNA fragmentation on in vitro fertilization-embryo transfer pregnancy outcomes and embryo development. Chin J Andrology. (2024) 30:722–9. doi: 10.13263/j.cnki.nja.2024.08.008




	

 Chinese Expert Consensus Compilation Group for Male Fertility Assessment
, Reproductive Andrology Group Reproductive Medicine Professional Committee of Chinese Medical Doctor Association
. Chinese expert consensus on male fertility assessment. Chin J Andrology. (2022) 28:848–58. doi: 10.13263/j.cnki.nja.2022.09.013




	

 Yin Y, Wang K, Xu Y, Huang X, Zheng J, Fan Y, et al. The impact of using donor sperm after ICSI failure in severe oligozoospermia on male mental health and erectile function. J Multidiscip Healthc. (2024) 4:21–8. doi: 10.2147/JMDH.S440778, PMID: 38196937



	

 Setti AS, Braga DPAF, Provenza RR, Iaconelli A Jr, Borges E Jr. Oocyte ability to repair sperm DNA fragmentation: the impact of maternal age on intracytoplasmic sperm injection outcomes. Fertil Steril. (2021) 116:123–9. doi: 10.1016/j.fertnstert.2020.10.045, PMID: 33589137



	

 Evenson DP. The Sperm chromatin structure assay (SCSA) and other sperm DNA fragmentation tests for evaluation of sperm nuclear DNA integrity as related to fertility. Anim Reprod Sci. (2016) 169:56–75. doi: 10.1016/j.anireprosci.2016.01.017, PMID: 26919909



	

 Yang H, Li G, Jin H, Guo YH, Sun YP. The effect of sperm DNA fragmentation index on assisted reproductive technology outcomes and its relationship with semen parameters and lifestyle. Transl Androl Urol. (2019) 8:356–65. doi: 10.21037/tau.2019.06.22, PMID: 31555559



	

 Malekpour P, Hasanzadeh R, Javedani Masroor M, Chaman R, Motaghi Z. Effectiveness of a mixed lifestyle program in couples undergoing assisted reproductive technology: a study protocol. Reprod Health. (2023) 20:112. doi: 10.1186/s12978-023-01652-6, PMID: 37528465



	

 Wu MC, Ye WR, Zheng YJ, Zhang SS. Oxamate enhances the anti-inflammatory and insulin-sensitizing effects of metformin in diabetic mice. Pharmacology. (2017) 100:218–28. doi: 10.1159/000478909, PMID: 28728159



	

 Zhou C, Yu G, Yang S, Gao LL, Jin Z, Jiang YY, et al. Construction and validation of a sperm DNA fragmentation prediction model based on Traditional Chinese Medicine syndromes and semen quality-related parameters. Chin J Tissue Eng Res. (2025) 29:2661–8.



	

 Lu JC, Jing J, Chen L, Ge YF, Feng RX, Liang YJ, et al. Analysis of human sperm DNA fragmentation index (DFI) related factors: A report of 1010 subfertile men in China. Reprod Biol Endocrinol. (2018) 16:23. doi: 10.1186/s12958-018-0345-y, PMID: 29540184



	

 Radwan M, Jurewicz J, Merecz-Kot D, Sobala W, Radwan P, Bochenek M, et al. Sperm DNA damage—the effect of stress and everyday life factors. Int J Impot Res. (2016) 28:148–54. doi: 10.1038/ijir.2016.15, PMID: 27076112



	

 Aitken RJ, Bronson R, Smith TB, De Iuliis GN. The source and significance of DNA damage in human spermatozoa; a commentary on diagnostic strategies and straw man fallacies. Mol Hum Reprod. (2013) 19:475–85. doi: 10.1093/molehr/gat025, PMID: 23548339



	

 Moazamian R, Polhemus A, Connaughton H, Fraser B, Whiting S, Gharagozloo P, et al. Oxidative stress and human spermatozoa: diagnostic and functional significance of aldehydes generated as a result of lipid peroxidation. Mol Hum Reprod. (2015) 21:502–15. doi: 10.1093/molehr/gav014, PMID: 25837702



	

 Ruan Y, Gao L, Jiang X, Yu SL. Study on the impact of different obesity indicators on preconception male semen quality. Chin J Andrology. (2023) 37:53–7. doi: CNKI: SUN: NXXX.0.2023-03-009




	

 Condorelli RA, La Vignera S, Duca Y, Zanghi GN, Calogero AE. Nicotine receptors as a possible marker for smoking related sperm damage. Protein Pept Lett. (2018) 25:451–4. doi: 10.2174/0929866525666180412154546, PMID: 29651935



	

 Samadian Z, Tofighi A, Razi M, Tolouei Azar J, Ghaderi Pakdel F. Moderate-intensity exercise training ameliorates the diabetes-suppressed spermatogenesis and improves sperm parameters: insole and simultaneous with insulin. Andrologia. (2019) 51:e13457. doi: 10.1111/and.13457, PMID: 31642094



	

 Evans EPP, Scholten JTM, Mzyk A, Reyes-San-Martin C, Llumbet AE, Hamoh T, et al. Male subfertility and oxidative stress. Redox Biol. (2021) 46:102071. doi: 10.1016/j.redox.2021.102071, PMID: 34340027



	

 Aitken RJ, Baker MA. Oxidative stress, sperm survival and fertility control. Mol Cell Endocrinol. (2006) 250:66–9. doi: 10.1016/j.mce.2005.12.026, PMID: 16412557



	

 Nargund VH. Effects of psychological stress on male fertility. Nat Rev Urol. (2015) 12:373–82. doi: 10.1038/nrurol.2015.112, PMID: 26057063



	

 Gonzalez DC, Ory J, Blachman-Braun R, Nackeeran S, Best JC, Ramasamy R. Advanced paternal age and sperm DNA fragmentation: a systematic review. World J Mens Health. (2022) 40:104–15. doi: 10.5534/wjmh.200195, PMID: 33987998



	

 Kim JH, Jee BC, Lee JM, Suh CS, Kim SH, et al. Histone acetylation level and histone acetyltransferase/deacetylase activity in ejaculated sperm from normozoospermic men. Yonsei Med J. (2014) 55:1333–40. doi: 10.3349/ymj.2014.55.5.1333, PMID: 25048493











Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Copyright © 2025 Pan, Zhang, Qin, Xu, Ni, Chen, Huang and Wang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OEBPS/Images/cover.jpg
a frontiers ‘ Frontiers in Endocrinology

Predictive model of sperm DNA
fragmentation in infertile men
based on lifestyle factors





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo-16-1675168-g006.jpg
Sensitivity

0.4

1.0

0.8

0.6

0.2

0.0

1.0

ROC Curve - External Validation

0.8 0.6 0.4 0.2
Specificity

0.0





OEBPS/Images/fendo-16-1675168-g004.jpg
Sensitivity

1.0

0.8

0.6

0.4

0.2

0.0

0.0

0.2

Plot 1: ROC Curve - Training Set

AUC: 0.819

— AUC =0.819

0.4 0.6 0.8 1.0
1 — Specificity

Sensitivity

1.0

0.8

0.6

0.4

0.2

0.0

0.0

Plot 2: ROC Curve - Validation Set

AUC: 0.813

— AUC =0.813

0.2 0.4 0.6 0.8 1.0
1 — Specificity





OEBPS/Images/fendo-16-1675168-g002.jpg
0.54

Coefficients

0.04

1
Iambdaf0.0253

4

Stress

(Stress |

Exercise.time

-In(lambda)





OEBPS/Images/fendo-16-1675168-g007.jpg
Plot 3: Calibration Curve - External Validation

02 04 06 08

Predicted Probability





OEBPS/Images/fendo-16-1675168-g005.jpg
Actual Probability

0.4

1.0

0.8

0.6

0.2

0.0

Dxy
C (ROC)
R2

Brier
Intercept
Slope
Emax
E9D
Eavg

Sz

Sp

0.0

Plot 3: Calibration Curve - Training Set

|‘HI||HI““|||||I|||| |||’|||l|||||||’|||||||||||||||||||||||||| 1

0.2

Ideal
— Logistic calibration
Nonparametric

0.4 0.6
Predicted Probability

0.8

1.0

Actual Probability

1.0

0.8

0.6

0.4

0.2

0.0

Brier
Intercept
Slope
Emax
E90
Eavg
Sz

Sp

0.0

Plot 4: Calibration Curve = Validation Set

Ideal

— Logistic calibration
Nonparametric

0.2

0.4 0.6
Predicted Probability

0.8

1.0





OEBPS/Images/fendo-16-1675168-g001.jpg
lambda:min
lambda.1se

I o o v e s . ] s e i

s 2

i B B e T 1 B A e e i

L 2
L
L 2
®
*®
L 2
*®
L 2
®
L 2
*
*
*
*®
2 g
®
®
L2
*
2 g
®
L4
*
*®
L a
®
L4
®
®
L 2
L
L
®
*®

oc’l T 0c'l SLl oL’ S0°L

2ouBINS( [elwoulg

Log(A)





OEBPS/Images/fendo-16-1675168-g003.jpg
Points

AGE

BMI

Smoking

Hot Spring

Exercise time

Stress

Total Points

Risk of DFI

10 20 30 40 50 60 70 80 90 100
1 3
:
1
2
1
1
2 0
n . i
1
e
T T T T T T T T T T q
50 100 150 200 250 300 350 400 450 500 550
T T T T T T T T T T ,
0.05 0.1 0.2 03 04 05 06 07 08 0.9 0.95





