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Background

Over the years, there has been extensive exploration of the association between testosterone and lipid profiles, yet the precise mechanisms underlying their interaction remain incompletely elucidated. Similarly, there is a dearth of research on the correlation between serum apolipoprotein B (apoB) and serum total testosterone (TT), particularly within specific populations.





Methods

We conducted a cross-sectional study to assess the relationship between serum TT concentration and serum apoB concentration. Using the National Health and Nutrition Examination Survey (NHANES) from 2011 to 2016, we employed weighted generalized linear models, weighted univariate, weighted multivariate analysis, and smooth curve fitting to assist in exploring the relationship between serum TT and apoB. Serum apoB concentration served as the independent variable, and serum TT concentration as the dependent variable. ApoB was divided into four quartiles—Q1 (<0.7g/L, N=691), Q2 (≥0.7g/L to <0.9g/L, N=710), Q3 (≥0.9g/L to <1.1g/L, N=696), and Q4 (≥1.1g/L, N=708)—thereby further solidifying the stable association between the two. Additionally, the application of smooth curve fitting will contribute to a more detailed elucidation of the specific relationship between serum TT concentration and serum apoB concentration under different factors (Drinking, Smoke, Diabetes, Hypertension, and High cholesterol level.).





Results

The results indicate a negative correlation between serum TT concentration and apoB concentration (β=-113.4; 95% CI: -146.6, -80.2; P<0.001). After adjusting for confounding variables, the negative correlation between apoB concentration and TT concentration remains significant (β=-61.0; 95% CI: -116.7, -5.2; P=0.040). When apoB concentration was converted from a continuous variable to a categorical variable (quartiles: Q1<0.7g/L; Q2:≥0.7g/L to<0.9g/L; Q3:≥0.9g/L to <1.1g/L; Q4: ≥1.1g/L), TT level of participants in the highest quartile (≥1.1g/L) was -47.2 pg/mL (95% CI: -91.2, -3.3; P=0.045) lower than that in the lowest quartile (<0.7g/L). The smooth curve fitting diagram revealed differences in the relationship between TT concentration and apoB among individuals with different cardiovascular disease (CVD) risk factors.





Conclusions

This study elucidates a robust inverse correlation between serum TT concentration and apoB concentration, maintaining statistical significance even upon adjustment for confounding factors. These findings present a promising avenue for addressing the prevention and treatment of low testosterone and CVD.
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Introduction

Testosterone is produced by Leydig cells within the testis, playing a crucial role in the differentiation of the male reproductive tract and masculinization of the external genitalia during fetal development (1). The release of testosterone is regulated via the hypothalamus-pituitary-testis interstitial cell axis (2). Decreased levels of serum testosterone (at or below 300 ng/dL) often present with diminished sexual thoughts and frequency, weight gain, and erectile dysfunction (3, 4). Gonadotropin-releasing hormone (GnRH) binds to membrane receptors on the pituitary gonadotropes, stimulating the biosynthesis and secretion of luteinizing hormone (LH) (5, 6). LH binds to LHR on the surface of interstitial cells, initiating intracellular signal transduction. Dufau and Catt (7) demonstrated that cAMP is generated in response to LH. The cAMP pathway through protein kinase A (PKA) is crucial in steroidogenesis. Furthermore, the chronic stimulation of interstitial cells by LH and cAMP is vital for regulating the expression levels of proteins and enzymes involved in steroidogenesis, thus playing a crucial role in the nutritional regulation of steroid production responsible for sustained steroidogenesis over an extended period. The intricate link between male testosterone and lipid metabolism is evident. Lee et al. observed a negative correlation between testosterone and one-tenth of triglycerides, a positive correlation between testosterone and one-tenth of high-density lipoprotein cholesterol, and an inverted U-shaped correlation between testosterone and one-tenth of low-density lipoprotein (8). In a cross-sectional study conducted by Liu et al., elevated lipid accumulation products were found to be associated with a higher incidence of testosterone loss and deficiency, particularly in individuals with hypertension and non-smokers (9). Lipid accumulation products have a certain significance in predicting testosterone deficiency (9). A study by Hurley demonstrated that the use of high-dose androgens resulted in a 50% reduction in HDL-C and an increase of over 50% in LDL-C (10). Furthermore, the biosynthesis and secretion of testosterone exhibit a tight correlation with age. During puberty, testosterone levels peak in response to luteinizing hormone stimulation and subsequently decline with advancing age (11). A study conducted by Mohr BA et al. (12) established percentile thresholds for testosterone level fluctuations in distinct age cohorts, thereby revealing substantial horizontal and vertical associations between serum TT, CFT, bioactive testosterone levels, and age. Additionally, several observational studies suggest an association between low testosterone levels in males and adverse cardiovascular outcomes (13, 14).

Recent evidence suggests that while lipid-lowering therapies targeting serum LDL-C levels reduce the risk of atherosclerotic cardiovascular disease (ASCVD) in the general population, some individuals with normal or low LDL-C concentrations still experience ASCVD-related events, and some may even show the progression of atherosclerosis (15). Some researchers have constructed Cox proportional hazard models to analyze data, revealing that for each increase of one standard unit in non-HDL-C cholesterol and apoB levels, there is a 19% escalation in the incidence rate of major cardiovascular events, surpassing the impact of LDL-C levels (15%). The predictive capability of apoB (HR = 1.24) and non-HDL-C cholesterol (HR = 1.31) was more pronounced than that of LDL-C. Subsequent research further indicated that in assessing residual cardiovascular risk following statin therapy, apoB, and non-HDL-C cholesterol levels exhibited higher predictive value (16). A meta-analysis by Sniderman et al. (17) in 2011 found that compared to a 40% reduction in LDL-C levels, a 40% reduction in non-HDL-C cholesterol would reduce cardiovascular events by 200,000 over ten years, while a 40% reduction in apoB would prevent 500,000 cardiovascular events. This highlights the superior predictive value of apoB compared to LDL-C and non-HDL-C in assessing cardiovascular benefits of lipid-lowering therapy, further endorsing apoB as a crucial treatment target, especially post-achievement of LDL-C targets.

Exploring the relationship between testosterone and apoB dates back to Stefanick’s study in 1987 (18). In our study, we investigated the relationship between testosterone and apoB in diverse populations and exposure factors. Among individuals without cancer, we explored the linear relationship between serum TT and serum apoB in various CVD, and visually depicted the relationship using a smooth curve fitting plot. Investigating the correlation between serum apoB and serum TT offers valuable insights into screening individuals with potential CVD within the population exhibiting normal or low LDL-C levels. Notably, certain guidelines currently propose apoB as a secondary target for intervention in blood lipid management, aiming to reduce the residual risk of ASCVD in patients (19, 20). Therefore, exploring the association between apoB and TT contributes significantly to the comprehensive understanding and management of CVD.





Methods




Study design and population

The NHANES is an extensive health and nutrition survey conducted by the National Center for Health Statistics in the United States. Since its initiation in the early 1960s, NHANES has been dedicated to evaluating the health and nutritional status of individuals throughout the country. By conducting family interviews and physical examinations, this survey gathers comprehensive information encompassing biological, social, psychological, behavioral, and demographic aspects, all provided at no cost to participants. In this cross-sectional study, we utilized NHANES data from 2011 to 2016 to explore the relationship between apoB and total TT within the general population.





Sample selection

We conducted our analysis using the NHANES database, which comprised a total of 29,902 participants from the years 2011 to 2016. The dataset encompassed various demographic variables, including age, race, ratio of family income to poverty, marital status, and education level. Additionally, we considered several cardiovascular disease risk factors such as hypertension, high cholesterol levels, diabetes, BMI, drinking habits, and smoking variables. It also includes Vigorous work activity. All data can be found at the following URL: www.cdc.gov/nchs/nhanes/ (Date of access online: January 12, 2024).

From the initial pool of 29,902 participants, we excluded those who were female (n=15,151), individuals below 18 years or above 65 years of age (n=7,820), participants with a cancer diagnosis (n=267), and those with missing data for apoB (n=3,827) and total testosterone (n=32). Consequently, a total of 2,805 participants were included in this cross-sectional study (Figure 1). It is important to note that all NHANES research participants from 2011 to 2016 provided informed consent, and the study protocol obtained approval from the Research Ethics Review Committee of the National Health Statistics Center.




Figure 1 | Flow chart of the study population.







Variables

The demographic variables considered in this study were age, race (including Mexican American, other Hispanic, non-Hispanic white, non-Hispanic black, or other race), the ratio of family income to poverty, marital status, and education level. For this study, the age range of 18 to 65 years was chosen due to the known variations in testosterone levels across different age groups. Testosterone levels are typically low in children under 10 years of age, start to increase during the ages of 10 to 15 with the onset of puberty (21), and reach their peak around the age of 19 (22). However, as men continue to age, testosterone levels gradually decline, particularly in older men above the age of 65 (23). To classify the education level variable, individuals with educational attainment below the 9th grade, those with 9th-11th grade education (including 12th grade without a diploma), and high school graduates or equivalent were categorized as the “High School Grad and Less Than” group. On the other hand, individuals with some college or associate degrees, as well as college graduates or above, were classified as the “Above” group. Thus, the education level variable was dichotomized as “High School Grad and Less Than” versus “Above.”

The questionnaire variables in this study encompassed several factors. These included hypertension (categorized as “No” or “Yes”), high cholesterol levels (“No” or “Yes”), diabetes (“No” or “Yes”), drinking (“No” or “Yes”), smoke (“Not at all,” “Every day,” or “Some days”), and vigorous work activity (“No” or “Yes”). To define alcohol users, individuals who consumed a minimum of 12 drinks within the past 12 months were considered (24). Therefore, we used the threshold of 12 drinks in the past 12 months as the criterion to categorize the drinking variable into a binary form, namely “Drinking” (“No” or “Yes”).

The examination variable included body mass index (BMI), which was treated as a continuous variable. For analysis, BMI was categorized into two groups: < 25 kg/m² and ≥ 25 kg/m².

For the NHANES laboratory methodology regarding the determination of TT, further information can be accessed at: https://wwwn.cdc.gov/Nchs/Nhanes/2011-2012/TST_G.htm (Date of access online: January 12, 2024). Similarly, detailed information regarding the NHANES laboratory methodology for apoB determination is available at: https://wwwn.cdc.gov/Nchs/Nhanes/2011-2012/APOB_G.htm (Date of access online: January 12, 2024). Additional covariates can be found at the following URL: www.cdc.gov/nchs/nhanes/ (Date of access online: January 12, 2024).





Data analysis

Given the intricate probability cluster design of NHANES, individual sample weights were assigned to each survey participant, and all statistical analyses in this study took into account these weights. We conducted statistical analyses in accordance with the guidelines outlined by the Centers for Disease Control (CDC) (25). To study the associations of participant characteristics, we utilized weighted linear regression and the Chi-square test where appropriate. Initially, we conducted a weighted univariate analysis to examine the relationship between TT and the covariates. Subsequently, we conducted weighted multifactor analyses while adjusting for covariates such as age, race, education level, ratio of family income to poverty, marital status, hypertension, high cholesterol levels, BMI, diabetes, drinking, smoking, and vigorous work activity. Furthermore, to confirm the relationship between apoB and TT, we performed smooth curve fitting using apoB (g/L) as the independent variable and TT (ng/dL) levels as the dependent variable. This analysis allowed us to visualize and assess the relationship between apoB and TT.

All statistical analyses were carried out using Empowerstats (https://www.empowerstats.net/cn/) and R software. All estimates were weighted using appropriate NHANES sample weights. Following guidelines from the Centers for Disease Control and Prevention, weighted models were used to address oversampling of minority ethnicities, ensuring fair and accurate estimates of the population impact. Results were considered statistically significant when p-values were less than 0.05.






Results

Table 1 presents 14 study variables, including the independent variable ApoB, the dependent variable TT, and covariates Age, Ratio of family income to poverty, Race, Education level, Marital status, Diabetes, Smoking, Drinking, Hypertension, High cholesterol level, Vigorous work activity, and BMI. The analysis sample comprises 2,805 male participants. We divided ApoB into quartiles Q1-Q4, corresponding to mean ages of 36.3, 40.9, 43.1, and 43.9 years, and corresponding TT levels of 501.1, 472.1, 442.7, and 427.1 ng/dL, respectively. For continuous variables, we calculated weighted means (95% CI) and determined P-values using survey-weighted linear regression (svyglm). For categorical variables, we calculated weighted percentages (95% CI) and obtained P-values using survey-weighted chi-square tests (svytable).


Table 1 | Characteristics of participants, Weighted (N =2,805).



Table 2 presents the univariate analysis results for 13 variables related to the dependent variable TT. The table reveals a close and statistically significant association between serum ApoB and TT. Additionally, Ratio of family income to poverty, Age, Marital status, Hypertension, High cholesterol level, Diabetes, Smoking, and BMI are also linked to TT. For each unit increase in Ratio of family income to poverty, TT decreases by 6.2 ng/dL. With every year’s increment in Age, TT decreases by 1.2 ng/dL. Regarding Marital status, the “unmarried” group exhibits a 53.3 ng/dL increase in TT compared to the “married or with partners” group. Hypertension is associated with a 56.7 ng/dL decrease in TT compared to individuals without Hypertension. High cholesterol level is linked to a TT reduction of 42.5 ng/dL compared to those without High cholesterol level. Each 1 kg/m² increase in BMI corresponds to a 13.1 ng/dL decrease in TT. When dichotomized, individuals with a BMI ≥25 kg/m² experience a 151.6 ng/dL decrease in TT compared to those with a BMI <25 kg/m². Diabetes individuals witness a TT decrease of 72.5 ng/dL compared to non-Diabetes individuals. In the Smoking category, compared to “Not at all,” the “Every day” and “Some days” groups show TT increases of 46.2 ng/dL and 51.3 ng/dL, respectively.


Table 2 | Univariate analysis for TT, Weighted.



Table 3 presents the model results, indicating that in the unadjusted model, there is a negative correlation between apoB concentration and serum TT concentration (β=-113.4; 95% CI: -146.6, -80.2; P<0.001). This implies that for every 1g/L increase in apoB, serum TT decreases by 113.4ng/dL, with statistical significance. In the adjusted model (β=-61.0; 95% CI: -116.7, -5.2; P=0.040), each 1g/L increase in apoB is associated with a 61.0ng/dL decrease in serum TT, and this association is statistically significant. The conversion of the apoB concentration from a continuous variable to a categorical variable (quartile: Q1<0.7g/L; Q2≥0.7g/L to <0.9g/L; Q3≥0.9g/L to <1.1g/L; Q4≥1.1g/L) revealed that the level of TT of the participants in the highest quartile (≥1.1g/L) was -47.2 pg/mL (95% CI: -91.2, -3.3; P=0.045) lower than that in the lowest quartile (<0.7g/L).


Table 3 | Relationship between ApoB and TT, Weighted.



It can be seen that after adjusting the relevant variables, apoB was linearly correlated with TT, and TT decreased with the increase of apoB.

In the drinking population, TT showed a downward trend with increasing apoB, and then the downward trend tended to slow down. In the non-alcohol drinkers, apoB was linearly correlated with TT, and TT decreased with the increase of apoB. The results were obtained after adjusting for Age, Race, Education level, Ratio of family income to poverty, Marital status, Hypertension, High cholesterol level, BMI, Diabetes, Smoke, and Vigorous work activity (Figure 2C).




Figure 2 | Association between apoB and TT. (A) Cross-combination modeling of each apoB and TT. A black dot represents a sample. (B) A linear association between apoB and TT was found in a generalized additive model (GAM). The Solid red line represents the smooth curve fit between variables. Blue bands represent the 95% confidence interval from the fit. The results were obtained after adjusting for Age, Race, Education level, Ratio of family income to poverty, Marital status, Hypertension, High cholesterol level, BMI, Diabetes, Drinking, Smoke, and Vigorous work activity. (C) Association between apoB and serum Klotho in Drinking (No, Yes) group. (D) Association between apoB and serum TT in Smoke (No, Yes) group. (E) Association between apoB and serum TT in Diabetes (No, Yes) group. (F) Association between apoB and serum TT in Hypertension (No, Yes) group. (G) Association between apoB and serum TT in High cholesterol level (No, Yes) group.



In the smoker(Every day and Some days smoke)population, apoB was linearly correlated with TT, and TT decreased with the increase of apoB. In the non-smoker population, The relationship between apoB and TT loses its linear correlation. The results were obtained after adjusting for Age, Race, Education level, Ratio of family income to poverty, Marital status, Hypertension, High cholesterol level, BMI, Diabetes, Drinking, and Vigorous work activity (Figure 2D).

In diabetic and non-diabetic patients, apoB was linearly correlated with TT, and TT decreased with the increase of apoB. The results were obtained after adjusting for Age, Race, Education level, Ratio of family income to poverty, Marital status, Hypertension, High cholesterol level, BMI, Drinking, Smoke, and Vigorous work activity (Figure 2E).

In the hypertensive and non-hypertensive population, apoB was linearly correlated with TT, and TT decreased with the increase of apoB. The results were obtained after adjusting for Age, Race, Education level, Ratio of family income to poverty, Marital status, High cholesterol level, BMI, Diabetes, Drinking, Smoke, and Vigorous work activity (Figure 2F).

In the high cholesterol level population, the change in TT is not significant with the increase of apoB;  In the non-high cholesterol level population, apoB was linearly correlated with TT, and TT decreased with the increase of apoB. The results were obtained after adjusting for Age, Race, Education level, Ratio of family income to poverty, Marital status, Hypertension, BMI, Diabetes, Drinking, Smoke, and Vigorous work activity (Figure 2G).





Discussion

According to the findings of this study, in the population of adult males with an average age of 41.1 years and without cancer, there exists a negative linear correlation between serum apoB and TT, as illustrated in Figures 2A, B. This correlation remains consistent even in the presence of several cardiovascular risk factors such as smoking, diabetes, and hypertension, as depicted in Figures 2D-F. However, the relationship between apoB and TT takes a different pattern among individuals with alcohol consumption and high cholesterol levels. In the population with alcohol consumption, TT shows a declining trend as apoB increases, followed by a slower rate of decline (Figure 2C). On the other hand, in the population with high cholesterol levels, the change in TT is not significantly evident with increasing apoB (Figure 2G). Based on two crucial theoretical concepts: the strong correlation between apoB and LDL-C and the role of apoB as a potential risk factor for CVD (26). The association between testosterone and CVD is easily conceivable. Some researchers have pointed out that testosterone and its synthetic derivatives are related to sudden cardiac death (27, 28). As demonstrated by epidemiological research, individuals who misuse steroids are more prone to engage in criminal activities, with steroids occasionally identified as an indirect cause of death (29, 30). Kintz et al., based on the increased risk of antisocial lifestyle associated with steroid hormones, explored methods for detecting steroid hormones through body hair analysis (31). Thus, elevated levels of apoB may serve as a significant predictor of CVD risk, particularly in individuals with normal or low LDL-C levels. Consequently, further investigation into the relationship between apoB and TT could prove valuable in identifying potential CVD patients within this population. Additionally, for the treatment of testosterone deficiency, apart from direct testosterone supplementation, maintaining apoB at a certain level may also hold promise as a potential adjunctive treatment.

Several studies have explored the potential connection between serum TT and blood lipids. These studies have revealed that testosterone deficiency can lead to elevated serum TG levels and increased white adipose tissue in male mice fed a high-fat diet (32). Additionally, the San Antonio Heart Research Center found negative correlations between testosterone and TG, TC, and LDL-C, and a positive correlation with HDL-C (33). Similar associations were observed in the Tromsa study, with testosterone being negatively correlated with TG and positively correlated with HDL-C (34). The Turku Male Aging Study reported positive correlations between testosterone and HDL-C, and negative correlations with TC and TG, although no statistically significant relationship was observed with LDL-C (35). These findings demonstrate the close relationship between testosterone and CVD-related factors such as HDL-C, LDL-C, TG, and TC. However, the investigation of the relationship between apoB and serum TT has received limited attention thus far. Previous evidence has demonstrated the beneficial effects of testosterone replacement therapy in male patients with hypogonadism, including improvements in certain cardiovascular risk factors (36). Elevated serum testosterone levels can lead to adverse outcomes. Coward et al. found that the administration of synthetic androgens may result in testicular dysfunction. Males under 50 years old, previously exposed to assimilative androgens, exhibit over 10 times the likelihood of testicular dysfunction compared to those aged 50 and above, and these findings are statistically significant (37). In a rat model, Shirpoor et al. observed cardiac and aortic remodeling induced by the synthetic androgenic steroid, Nandrolone. They documented an increase in systolic pressure, diastolic pressure, mean arterial pressure, and necrotic pressure (38). Esposito et al. summarized that the misuse of synthetic androgenic steroids can induce various side effects on organ systems, including the reproductive system (39).

In our study, we examined the association between serum apoB and TT, while considering various potential confounders including age, race, education level, ratio of family income to poverty, marital status, hypertension, high cholesterol level, BMI, diabetes, drinking, smoking, and vigorous work activity. Through the use of linear regression models and smooth curve fitting, we discovered a negative correlation between serum apoB concentration and TT concentration. Overall, our study sheds light on an underexplored area of research and provides valuable insights into the association between serum apoB and TT in the context of cardiovascular health in adult males without cancer. These findings contribute to our understanding of the complex interplay between lipoproteins, testosterone, and cardiovascular risk factors.

Lee et al. utilized the Framingham Risk Score (FRS) to assess the impact of testosterone on cardiovascular disease in patients with sexual dysfunction (40). The findings revealed an association between testosterone levels and FRS in the sexual dysfunction cohort, suggesting that elevated testosterone levels may reduce the risk of cardiovascular disease in these individuals. In another study, Grandys et al. found that reduced serum testosterone concentrations were associated with increased inflammation and worsening of blood lipids in men (41). Diverging from prior research (18, 40, 41), our study investigates the association between serum TT and apoB across diverse populations and exposure factors. Within individuals devoid of cancer, we explore the linear relationship between serum TT and apoB in various CVD. This study represents a pioneering effort to investigate the correlation between serum TT and the potential cardiovascular risk factor apoB using publicly available NHANES data. While this study offers notable strengths, it is crucial to recognize and address its limitations. Firstly, the cross-sectional design of the NHANES database restricts our ability to establish any causal relationship between human serum apoB and TT. Secondly, it is plausible that there are unidentified confounding variables that could influence serum TT and apoB levels, which were not accounted for in this study. It is important to consider these limitations when interpreting the findings and to encourage further research to explore these associations in more depth.





Conclusions

This nationally representative study indicates a negative linear correlation between serum ApoB and TT in adult American males without cancer. Upon adjustment, for every 1 g/L increase in ApoB, there is a significant decrease of 61.0 ng/dL in TT. This suggests that reducing ApoB concentration could be beneficial in preventing low testosterone occurrence. Furthermore, low testosterone levels can serve as predictive indicators for the development of CVD. These findings offer a promising avenue for the prevention and treatment of both low testosterone and cardiovascular disease. In general, investigating the relationship between apoB and serum testosterone levels can yield profound insights into preventing and managing testosterone deficiency, aiding in the development of more effective preventive and therapeutic strategies. This necessitates a comprehensive consideration of multiple factors, including lipid metabolism, cardiovascular health, and lifestyle factors.





Data availability statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found below: www.cdc.gov/nchs/nhanes/.





Ethics statement

The study was conducted by following the Declaration of Helsinki, and the National Center for Health Statistics institutional review board approved the overall NHANES. This study was approved by the Institutional Review Board and documented consent was obtained from participants. 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. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.





Author contributions

ZC: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Software, Writing – original draft, Writing – review & editing. EZ: Writing – original draft. LG: Writing – original draft. GJ: Writing – original draft. QD: Writing – original draft. MH: Conceptualization, Writing – original draft. HL: Conceptualization, Writing – original draft. GH: Conceptualization, Funding acquisition, Supervision, Writing – original draft.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. The authors disclosed receipt of the following financial support for the research, authorship, and/or publication of this article: This work were funded by grants from Medical Science and Technology Foundation of Guangdong Province (No. B2021310), Supported by Sanming Project of Medicine in Shenzhen (No. SZSM202201024), and Shenzhen Key Medical Discipline (No. SZXK021).




Acknowledgments

Our profound gratitude is extended to all participants whose active involvement greatly contributed to the completion of this study. Special recognition is specifically given to GH for his significant contributions. We express sincere appreciation to GH for their invaluable guidance throughout the course of the study. Furthermore, we acknowledge GH, HL, and MH for providing us with a valuable platform to conduct this research. The crucial support and active engagement of these individuals have played a pivotal role in the successful execution of this study.





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.





Abbreviations

ApoB, Apolipoprotein B; TT, Total testosterone; TG, Triglyceride; TC, Total cholesterol; CVD, Cardiovascular Disease; LDL-C, Low-density lipoprotein cholesterol; HDL-C, High-density lipoprotein cholesterol; CI, Confidence interval; OR, Odds ratio; Ref, Reference.




References

1. Zirkin, BR, and Papadopoulos, V. Leydig cells: formation, function, and regulation. Biol Reprod (2018) 99(1):101–11. doi: 10.1093/biolre/ioy059

2. Miller, WL. Molecular biology of steroid hormone synthesis. Endocr Rev (1988) 9(3):295–318. doi: 10.1210/edrv-9-3-295

3. Sterling, J, Bernie, AM, and Ramasamy, R. Hypogonadism: Easy to define, hard to diagnose, and controversial to treat. Can Urol Assoc J (2015) 9(1-2):65–8. doi: 10.5489/cuaj.2416

4. Kumar, P, Kumar, N, Thakur, DS, and Patidar, A. Male hypogonadism: Symptoms and treatment. J Adv Pharm Technol Res (2010) 1(3):297–301. doi: 10.4103/0110-5558.72420

5. Plant, TM. 60 YEARS OF NEUROENDOCRINOLOGY: The hypothalamo-pituitary-gonadal axis. J Endocrinol (2015) 226(2):T41–54. doi: 10.1530/JOE-15-0113

6. Kaprara, A, and Huhtaniemi, IT. The hypothalamus-pituitary-gonad axis: Tales of mice and men. Metabolism (2018) 86:3–17. doi: 10.1016/j.metabol.2017.11.018

7. Dufau, ML, and Catt, KJ. Gonadotropin receptors and regulation of steroidogenesis in the testis and ovary. Vitam Horm (1978) 36:461–592. doi: 10.1016/s0083-6729(08)60989-9

8. Lee, JH, Jung, HD, Choi, JD, Kang, JY, Yoo, TK, and Park, YW. Non-linear association between testosterone and LDL concentrations in men. Andrology (2023) 11(6):1107–13. doi: 10.1111/andr.13393

9. Liu, Q, Huang, Y, Wang, M, Jiang, H, and Zhang, X. Association of lipid accumulation products with testosterone deficiency in adult American men: A cross-sectional study. Andrology (2023) 11(3):551–60. doi: 10.1111/andr.13355

10. Hurley, BF, Seals, DR, Hagberg, JM, Goldberg, AC, Ostrove, SM, Holloszy, JO, et al. High-density-lipoprotein cholesterol in bodybuilders v powerlifters. Negative effects androgen use JAMA (1984) 252(4):507–13. doi: 10.1001/jama.1984.03350040037019

11. Lamberts, SW, van den Beld, AW, and van der Lely, AJ. The endocrinology of aging. Science (1997) 278(5337):419–24. doi: 10.1126/science.278.5337.419

12. Mohr, BA, Guay, AT, O'Donnell, AB, and McKinlay, JB. Normal, bound and nonbound testosterone levels in normally ageing men: results from the Massachusetts Male Ageing Study. Clin Endocrinol (Oxf) (2005) 62(1):64–73. doi: 10.1111/j.1365-2265.2004.02174.x

13. Barrett-Connor, E, and Khaw, KT. Endogenous sex hormones and cardiovascular disease in men. A prospective population-based study. Circulation (1988) 78(3):539–45. doi: 10.1161/01.cir.78.3.539

14. Smith, GD, Ben-Shlomo, Y, Beswick, A, Yarnell, J, Lightman, S, and Elwood, P. Cortisol, testosterone, and coronary heart disease: prospective evidence from the Caerphilly study. Circulation (2005) 112(3):332–40. doi: 10.1161/CIRCULATIONAHA.104.489088

15. Sinning, D, and Landmesser, U. Is there a need to revise goals in the management of dyslipidemias? Curr Cardiol Rep (2019) 21(6):51. doi: 10.1007/s11886-019-1128-6

16. Boekholdt, SM, Hovingh, GK, Mora, S, Arsenault, BJ, Amarenco, P, Pedersen, TR, et al. Very low levels of atherogenic lipoproteins and the risk for cardiovascular events: a meta-analysis of statin trials. J Am Coll Cardiol (2014) 64(5):485–94. doi: 10.1016/j.jacc.2014.02.615

17. Sniderman, AD, Williams, K, Contois, JH, Monroe, HM, McQueen, MJ, de Graaf, J, et al. A meta-analysis of low-density lipoprotein cholesterol, non-high-density lipoprotein cholesterol, and apolipoprotein B as markers of cardiovascular risk. Circ Cardiovasc Qual Outcomes (2011) 4(3):337–45. doi: 10.1161/CIRCOUTCOMES.110.959247

18. Stefanick, ML, Williams, PT, Krauss, RM, Terry, RB, Vranizan, KM, and Wood, PD. Relationships of plasma estradiol, testosterone, and sex hormone-binding globulin with lipoproteins, apolipoproteins, and high density lipoprotein subfractions in men. J Clin Endocrinol Metab (1987) 64(4):723–9. doi: 10.1210/jcem-64-4-723

19. Packard, CJ. Determinants of achieved LDL cholesterol and "Non-HDL" Cholesterol in the management of dyslipidemias. Curr Cardiol Rep (2018) 20(8):60. doi: 10.1007/s11886-018-1003-x

20. Kato, Y, Arakawa, E, Kinoshita, S, Shirai, A, Furuya, A, Yamano, K, et al. Establishment of the anti-Klotho monoclonal antibodies and detection of Klotho protein in kidneys. Biochem Biophys Res Commun (2000) 267(2):597–602. doi: 10.1006/bbrc.1999.2009

21. Khairullah, A, Klein, LC, Ingle, SM, May, MT, Whetzel, CA, Susman, EJ, et al. Testosterone trajectories and reference ranges in a large longitudinal sample of male adolescents. PloS One (2014) 9(9):e108838. doi: 10.1371/journal.pone.0108838

22. Kelsey, TW, Li, LQ, Mitchell, RT, Whelan, A, Anderson, RA, and Wallace, WH. A validated age-related normative model for male total testosterone shows increasing variance but no decline after age 40 years. PloS One (2014) 9(10):e109346. doi: 10.1371/journal.pone.0109346

23. Yeap, BB. Are declining testosterone levels a major risk factor for ill-health in aging men? Int J Impot Res (2009) 21(1):24–36. doi: 10.1038/ijir.2008.60

24. Chen, X, Wei, G, Jalili, T, Metos, J, Giri, A, Cho, ME, et al. The associations of plant protein intake with all-cause mortality in CKD. Am J Kidney Dis (2016) 67(3):423–30. doi: 10.1053/j.ajkd.2015.10.018

25. Zipf, G, Chiappa, M, Porter, KS, Ostchega, Y, Lewis, BG, and Dostal, J. National health and nutrition examination survey: plan and operations, 1999-2010. Vital Health Stat 1 (2013) (56):1–37.

26. Barter, PJ, Ballantyne, CM, Carmena, R, Castro Cabezas, M, Chapman, MJ, Couture, P, et al. Apo B versus cholesterol in estimating cardiovascular risk and in guiding therapy: report of the thirty-person/ten-country panel. J Intern Med (2006) 259(3):247–58. doi: 10.1111/j.1365-2796.2006.01616.x

27. Esposito, M, Licciardello, G, Privitera, F, Iannuzzi, S, Liberto, A, Sessa, F, et al. Forensic post-mortem investigation in AAS abusers: investigative diagnostic protocol. A systematic review. Diagnostics (Basel), Switzerland (2021) 11(8):1307. doi: 10.3390/diagnostics11081307

28. Sculthorpe, N, Grace, F, Jones, P, and Davies, B. Evidence of altered cardiac electrophysiology following prolonged androgenic anabolic steroid use. Cardiovasc Toxicol (2010) 10(4):239–43. doi: 10.1007/s12012-010-9090-y

29. Lehmann, S, Thomas, A, Schiwy-Bochat, KH, Geyer, H, Thevis, M, Glenewinkel, F, et al. Death after misuse of anabolic substances (clenbuterol, stanozolol and metandienone). Forensic Sci Int (2019) 303:109925. doi: 10.1016/j.forsciint.2019.109925

30. Klotz, F, Garle, M, Granath, F, and Thiblin, I. Criminality among individuals testing positive for the presence of anabolic androgenic steroids. Arch Gen Psychiatry (2006) 63(11):1274–9. doi: 10.1001/archpsyc.63.11.1274

31. Kintz, P, Gheddar, L, and Raul, JS. Simultaneous testing for anabolic steroids in human hair specimens collected from various anatomic locations has several advantages when compared with the standard head hair analysis. Drug Test Anal (2021) 13(7):1445–51. doi: 10.1002/dta.3020

32. Dubois, V, Laurent, MR, Jardi, F, Antonio, L, Lemaire, K, Goyvaerts, L, et al. Androgen deficiency exacerbates high-fat diet-induced metabolic alterations in male mice. Endocrinology (2016) 157(2):648–65. doi: 10.1210/en.2015-1713

33. Haffner, SM, Mykkanen, L, Valdez, RA, and Katz, MS. Relationship of sex hormones to lipids and lipoproteins in nondiabetic men. J Clin Endocrinol Metab (1993) 77(6):1610–5. doi: 10.1210/jcem.77.6.8263149

34. Agledahl, I, Skjaerpe, PA, Hansen, JB, and Svartberg, J. Low serum testosterone in men is inversely associated with non-fasting serum triglycerides: the Tromso study. Nutr Metab Cardiovasc Dis (2008) 18(4):256–62. doi: 10.1016/j.numecd.2007.01.014

35. Makinen, JI, Perheentupa, A, Irjala, K, Pollanen, P, Makinen, J, Huhtaniemi, I, et al. Endogenous testosterone and serum lipids in middle-aged men. Atherosclerosis (2008) 197(2):688–93. doi: 10.1016/j.atherosclerosis.2007.05.009

36. Allan, CA, Strauss, BJ, Burger, HG, Forbes, EA, and McLachlan, RI. Testosterone therapy prevents gain in visceral adipose tissue and loss of skeletal muscle in nonobese aging men. J Clin Endocrinol Metab (2008) 93(1):139–46. doi: 10.1210/jc.2007-1291

37. Coward, RM, Rajanahally, S, Kovac, JR, Smith, RP, Pastuszak, AW, and Lipshultz, LI. Anabolic steroid induced hypogonadism in young men. J Urol (2013) 190(6):2200–5. doi: 10.1016/j.juro.2013.06.010

38. Shirpoor, A, Heshmatian, B, Tofighi, A, Eliasabad, SN, Kheradmand, F, and Zerehpoosh, M. Nandrolone administration with or without strenuous exercise increases cardiac fatal genes overexpression, calcium/calmodulin-dependent protein kinaseiidelta, and monoamine oxidase activities and enhances blood pressure in adult wistar rats. Gene (2019) 697:131–37. doi: 10.1016/j.gene.2019.02.053

39. Esposito, M, Salerno, M, Calvano, G, Agliozzo, R, Ficarra, V, Sessa, F, et al. Impact of anabolic androgenic steroids on male sexual and reproductive function: a systematic review. Panminerva Med (2023) 65(1):43–50. doi: 10.23736/S0031-0808.22.04677-8

40. Lee, WC, Kim, MT, Ko, KT, Lee, WK, Kim, SY, Kim, HY, et al. Relationship between serum testosterone and cardiovascular disease risk determined using the framingham risk score in male patients with sexual dysfunction. World J Mens Health (2014) 32(3):139–44. doi: 10.5534/wjmh.2014.32.3.139

41. Grandys, M, Majerczak, J, Zapart-Bukowska, J, Duda, K, Kulpa, JK, and Zoladz, JA. Lowered serum testosterone concentration is associated with enhanced inflammation and worsened lipid profile in men. Front Endocrinol (Lausanne) (2021) 12:735638. doi: 10.3389/fendo.2021.735638




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 © 2024 Chen, Zhang, Gan, Jiang, Duan, Huang, Li and Huang. 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/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Analysis of the association between testosterone and cardiovascular disease potential risk factor apolipoprotein B in adult males without cancer: national health and nutrition examination survey 2011-2016

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Methods

        

          		

            Study design and population

          



          		

            Sample selection

          



          		

            Variables

          



          		

            Data analysis

          



        



        



        		

          Results

        



        		

          Discussion

        



        		

          Conclusions

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/fendo-15-1304344-g002.jpg
T (1g/d1)

1000 1500 2000

300

00 300 400 500 600

100

400 a5 s00 550

350

snoke

—  Notatall

Brery day

Some days

0.5

T T
Lo LS

Apob(a/)

2.0

High chalesteral I

—

ApoB(g/1)

M (gL

T (ag/dl)

330 400 450 S0 550 600

300

550

500

is0

400

350

300

ApoB(a/L)

2.0

Dibetes
— N
© o es

0s Lo

ApoB(a/L)

T (ng/dl)

™ (a/L)

500 551

450

00

550

50

00

350

Drinking
— N
Yes

0.5

T
Lo

ApoB(8/1)

L5

2.0

Hypertension
—
Tes

0.5

T
10

Apob(g/L)

T
Ls






OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Covariate Mean/percentage (95% Cl) B (95%Cl)
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Q3 258 (23.2,28.6) -58.4 (-85.8, -30.9) <0.001

Q4 24.8 (22.2,27.6) -74.0 (-97.3, 50.7) <0.001
Ratio of family income to poverty 2.9 (2.8,3.0) -6.2 (-11.7, -0.76) 0.031
Ratio of family income to poverty Tertile

Low 230 (20.1,26.2) Ref

Middle 32.3 (29.9,34.8) -24.8 (-43.0, 6.5) 0.010

High 44.7 (40.7,48.8) -29.1(-52.0, -6.30) 0016
Age(years) 41.1 (40.4,41.9) -1.2 (-2.1, -0.35) 0.009
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Low 31.5 (28.9,34.2) Ref

Middle 35.1 (32.4,37.8) -63.1 (-81.7, -44.4) <0.001

High 334 (30.9,36.1) -43.1 (-73.2, -13.0) 0.007
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Mexican American 10.6 (8.2,13.6) Ref

Other Hispanic 7.2 (5.59.4) -17.0 (-61.3, 27.3) 0.456

Non-Hispanic White 63.8 (58.8,68.5) 9.6 (-32.9,13.7) 0424

Non-Hispanic Black 9.6 (7.7,11.9) 17.3 (-13.3, 47.8) 0.274

Other Race 8.8 (7.3,10.5) 14 (-25.2,28.1) 0916
Education level

High School Grad and Less Than 402 (36.2,44.3) Ref

Above 59.8 (55.7,63.8) -14.0 (-34.0, 6.0) 0.177
Marital status

married or with partners 64.0 (61.1,66.9) Ref

widowed or divorced 104 (8.9,12.1) -2.5(-25.8, 20.8) 0.833

unmarried 23.8 (21.4,26.4) 533 (28.8, 77.8) <0.001
Hypertension

No 72,9 (70.3,75.3) Ref

Yes 27.1 (24.7,29.7) -56.7 (-78.9, -34.5) <0.001
High cholesterol level

No 69.8 (67.1,72.3) Ref

Yes 30.2 (27.7,32.9) -42.5 (-57.8, -27.2) <0.001
BMI(kg/m2) 28.8 (284,29.2) -13.1 (-14.2, -11.9) <0.001
BMI (kg/m2) dichotomous

<25 28.2 (26.0,30.5) Ref

>=25 71.8 (69.5,74.0) -151.6 (-171.6, -131.6) <0.001
Diabetes

No 922 (90.7,93.4) Ref

Yes 7.8 (6.69.3) -72.5 (-116.1, -28.9) 0.002
Drinking

No 97.5 (96.5,98.3) Ref

Yes 25(17,3.5) 5.3 (-46.2, 56.9) 0.840
Smoke

Not at all 50.9 (46.7,55.2) Ref

Every day 37.8 (33.4,42.4) 462 (14.0, 78.3) 0.007

Some days 113 (9.1,13.9) 513 (5.3,97.2) 0.034
Vigorous work activity

No 682 (65.3,71.0) Ref

Yes 31.8 (29.0,34.7) 7.8 (-9.6,25.3) 0.384
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Crude Model Adjusted Model

Outcome

Bor OR (95%Cl) Bor OR (95%Cl)
ApoB (g/L) -113.4 (-146.6, -80.2) <0.001 -61.0 (-116.7, -5.2) 0.040

ApoB (g/L) quartile

Q1 Ref Ref
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Q2 -26.7 (-61.8, 8.4) 0.148
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4 472 (-91.2,-3.3 0.045
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>1L1g/L

Data in the table: B or OR (95%CI); P-value.

Result variable: TT (ng/dL).

Exposure variable: ApoB(g/L); ApoB(g/L) quartile.

The adjusted model adjusts for Age; Race (Mexican American, Other Hispanic, Non-Hispanic White, Non-Hispanic Black, Other Race); Education level (High School Grad and Less Than and
Above); Ratio of family income to poverty; Marital status (married or with partners, widowed or divorced, unmarried, and separated); Hypertension (No, Yes); High cholesterol level (No, Yes);
BMI (<=25, >25); Diabetes (No, Yes); Drinking (No, Yes); Smoke (Not at all, Every day, and Some days); Vigorous work activity (No, Yes).
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Q2 Q3
>0.7g/L to <0.9g/L >0.9g/L to <1.1g/L

ApoB (g/L) quartile

N 691 710 696 708

ApoB (g/L) 0.6 (0.6,0.6) 0.8 (0.8,0.8) 1.0 (1.0,1.0) 13 (1.3,13) <0.001

TT (ng/dL) 501.1 (481.6,520.5) 472.1 (454.9,489.4) 442.7 (424.6,460.8) 427.1 (411.7,442.4) <0.001

Age (years) 36.3 (34.8,37.7) 40.9 (39.4,42.4) 43.1 (41.9,44.3) 43.9 (42.8,45.0) <0.001

Ratio of family income to poverty 2.7 (2.5,3.0) 2.9(2.732) 3.1(293.3) 2.8 (2.6,3.0) 0.010

Race <0.001

Mexican American 8.8 (6.3,12.2) 9.1 (6.2,13.3) 11.1 (8.0,15.2) 13.5 (10.1,17.8)

Other Hispanic 6.0 (4.2,8.5) 5.9 (4.08.5) 7.6 (5.5,10.3) 9.4 (6.6,13.2)

Non-Hispanic White 63.8 (57.3,69.8) 65.4 (59.2,71.1) 65.0 (58.8,70.8) 60.8 (54.1,67.0)

Non-Hispanic Black 13.2 (9.9,17.4) 9.9 (7.7,12.7) 7.4 (5.89.4) 8.2 (6.2,10.8)

Other Race 8.3 (6.7,10.2) 9.8 (7.6,12.5) 8.9 (6.7,11.6) 8.1 (6.2,10.7)

Education level 0.058

High School Grad and Less Than 369 (31.6,42.6) 37.6 (32.043.5) 39.0 (32.1,46.4) 46.7 (39.9,53.6)

Above 63.1 (57.4,68.4) 62.4 (56.5,68.0) 61.0 (53.6,67.9) 53.3 (46.4,60.1)

Marital status <0.001

married or with partners 53.3 (48.0,58.5) 63.7 (57.5,69.4) 69.2 (65.0,73.2) 68.1 (63.0,72.8)

widowed or divorced 9.0 (6.5,12.3) 10.8 (7.7,15.0) | 9.1 (6.5,12.7) 12.5 (10.0,15.4)

unmarried 36.5 (31.9,41.4) 23.8 (19.528.7) 20.1 (16.7,24.1) 16.8 (13.1,21.2)

separated 12 (0.6,2.2) 1.7 (1.1,2.6) 15 (0.7,3.4) 27 (1.7,4.3)

Diabetes 0.686

No 90.8 (87.4,93.4) 92.2 (89.4,94.4) 92.9 (89.4,95.4) 92.7 (90.3,94.5)

Yes 9.2 (6.6,12.6) 7.8 (5.6,10.6) 7.1 (4.6,10.6) 7.3 (5.5,9.7)

Smoke | 0.402

Not at all 453 (36.8,54.2) 54.9 (47.3,62.2) 544 (46.8,61.8) 48.0 (41.0,55.1)

Every day 43.6 (35.9,51.7) 35.0 (28.3,42.4) 33.3 (26.9,40.4) 40.5 (33.0,48.4)

Some days 11.0 (7.0,16.8) 10.1 (7.0,14.5) 12.3 (8.4,17.8) 115 (7.3,17.7)

Drinking 0.653
[ No [ 96.9 (93.2,98.6) 97.7 (95.8,98.8) | 97.1 (94.4,98.6) 98.3 (96.9,99.1)

Yes 3.1 (14,6.8) 23 (1.24.2) 29 (14,5.6) 1.7 (0.9,3.1)

Hypertension 0.007

No 78.5 (74.9,81.8) 73.1(67.5,78.1) 73.0 (68.9,76.7) 67.1 (61.2,72.5)

Yes 21.5 (18.2,25.1) 26.9 (21.9,32.5) 27.0 (23.3,31.1) 329 (27.5,38.8)

High cholesterol level <0.001
[ No | 81.6 (76.6,85.7) 76.0 (71.3,80.1) 1 66.5 (61.4,71.3) 55.9 (50.6,61.0)

Yes 18.4 (14.3,23.4) 24.0 (19.9,28.7) 335 (28.7,38.6) 44.1 (39.0,49.4)

Vigorous work activity 0.298

No 68.3 (63.2,73.1) 69.2 (65.7,72.4) 70.7 (65.1,75.7) 64.5 (58.1,70.4)

Yes 31.7 (26.9,36.8) 30.8 (27.6,34.3) 29.3 (24.3,34.9) 355 (29.6,41.9)

BMI (kg/m2) ‘ <0.001

<25 45.6 (40.3,50.9) 30.1 (25.9,34.7) 220 (18.1,26.4) 162 (13.0,20.1)

>=25 544 (49.1,59.7) 69.9 (65.3,74.1) 78.0 (73.6,81.9) 83.8 (79.9,87.0)

Data in Table 1:
For continuous variables: survey-weighted mean (95% CI), P-value was by survey-weighted linear regression.
For categorical variables: survey-weighted percentage (95% CI), P-value was by survey-weighted Chi-square test.





