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Background: Testosterone is a crucial hormone for male health, influencing
metabolism, cardiovascular function, bone density, and cognitive abilities.
Elevated non-HDL cholesterol to HDL cholesterol ratio (NHHR) has been
implicated in lipid metabolism disorders, which may adversely affect
testosterone levels. This study investigates the association between NHHR and
testosterone levels in adult males, utilizing data from the National Health and
Nutrition Examination Survey (NHANES).

Methods: This cross-sectional study analyzed data from 2,859 adult males from
the NHANES cycles 2011-2016. Total testosterone levels were measured using
isotope dilution liquid chromatography-tandem mass spectrometry (ID-LC-MS/
MS). NHHR was calculated and analyzed as both a continuous variable and in
quartiles. Multivariable linear and logistic regression models, adjusted for
demographic, biochemical, lifestyle factors, and medical comorbidities, were
used to assess the relationship between NHHR and total testosterone levels and
the risk of testosterone deficiency (TD).

Results: Higher NHHR was significantly associated with lower total testosterone
levels and increased risk of TD. In fully adjusted models, each unit increase in
NHHR was associated with a decrease in total testosterone levels (B = -16.31, 95%
Cl: -26.58 to -6.04, P = 0.003) and an increased risk of TD (OR = 1.24, 95% ClI:
1.07 to 1.44, P = 0.01). When NHHR was analyzed in quartiles, participants in the
highest quartile (Q4) had significantly lower testosterone levels (§ = -54.98, 95%
Cl: -86.21to0 -23.74, P = 0.001) and a higher risk of TD (OR = 2.04, 95% Cl: 1.20 to
3.49, P = 0.01) compared to those in the lowest quartile (Q1). Subgroup analyses
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confirmed these findings across different age groups, BMI categories, smoking
status, and presence of comorbidities. Smooth curve fitting demonstrated a
linear relationship among them.

Conclusion: Our study is the first to identify a significant association between
elevated NHHR and both reduced total testosterone levels and increased risk of
TD in a large, representative sample of adult American males. These findings
suggest that NHHR could serve as a valuable marker for early identification of
individuals at risk for testosterone decline and TD, enabling timely and targeted
clinical interventions.

testosterone, NHHR, lipid metabolism, testosterone deficiency, NHANES

1 Introduction

Testosterone is an indispensable hormone for males, primarily
produced by the Leydig cells in the testes and slightly by the adrenal
glands, regulated by the negative feedback mechanism of the
hypothalamic-pituitary-gonadal axis (HPGA) (1). Beyond its
crucial role in sexual and reproductive functions, testosterone
significantly impacts metabolism, cardiovascular health, bone
density, and cognitive function (2, 3). Correspondingly,
insufficient serum testosterone levels in males can result in
reduced libido, erectile dysfunction, while also exacerbating
metabolic disorders and cardiovascular damage, which is
commonly referred to as testosterone deficiency syndrome or
male hypogonadism (4, 5). Notably, testosterone deficiency (TD)
is a prevalent medical condition affecting American men, with
estimates suggesting that 20% to 50% of males have low
testosterone levels and nearly 500,000 new cases diagnosed
annually (6). The decline in testosterone levels is closely
associated with aging; however, metabolic syndrome factors such
as obesity, hypertension, and hyperglycemia also significantly
increase its prevalence (7). As age advances and lifestyle changes,
the incidence of TD is on the rise, posing a significant challenge to
public health. This makes it particularly important to identify
potential risk factors affecting testosterone levels and implement
timely interventions.

Emerging evidence suggests that lipid metabolism disorders can
lead to a decline in testosterone levels, which correspondingly
increases the risk of TD. Specifically, lipid disorders can directly
reduce testosterone production by testicular Leydig cells (8).
Additionally, clinical studies have demonstrated a significant
relationship between lipid metabolism disorders and testosterone
levels, which show that elevated LDL cholesterol and total
cholesterol (TC) levels, as well as decreased HDL cholesterol
levels, are associated with a decline in testosterone levels (9).
Moreover, the decline in testosterone levels is further linearly
correlated with these lipid profile changes (10). This bidirectional
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vicious cycle underscores the importance of investigating the
impact of lipid metabolism on testosterone levels and the risk of
TD. Recently, the ratio of non-HDL-c to HDL-c (NHHR) has been
increasingly recognized as a comprehensive and innovative marker
for evaluating atherosclerotic lipid composition (11). Existing
studies have shown that NHHR closely correlates with its
relevance and predictive value for various diseases. For instance,
research by Hong et al. has demonstrated a significant association
between NHHR and the occurrence and recurrence of kidney
stones, revealing a positive relationship between elevated NHHR
and the risk of kidney stones (12). Furthermore, studies have shown
that NHHR has higher diagnostic and prognostic value for insulin
resistance and metabolic syndrome compared to traditional lipid
markers (13). Given the substantial evidence linking lipid
metabolism disorders and testosterone levels, exploring the
relationship between NHHR and male testosterone levels holds
significant scientific value, as it still remains an uncharted area of
research to date.

Therefore, the primary aim of this study was to investigate the
relationship between NHHR and testosterone levels using data from
the National Health and Nutrition Examination Survey (NHANES).
By elucidating the effects of lipid metabolism on male reproductive
health, this research seeks to deepen our understanding and pave
the way for improved strategies to mitigate the risk of TD. Such
insights could foster the development of specific preventive and
therapeutic approaches, ultimately enhancing patient care and
management for conditions associated with TD and related
metabolic disorders.

2 Materials and methods
2.1 Data source and study population

This study utilized data from the NHANES, a program
conducted by the Centers for Disease Control and Prevention
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(CDC). NHANES is designed to assess the health and nutritional
status of adults and children in the United States through a
combination of interviews and physical examinations. The survey
is conducted biennially, providing a continuous dataset that is
representative of the civilian, non-institutionalized U.S.
population. Data collected include demographic, socioeconomic,
dietary, and health-related information, as well as laboratory test
results, which are gathered using standardized procedures to ensure
consistency and accuracy. This study was approved by the National
Center for Health Statistics Ethics Review Board, and all
participants provided written informed consent.

The NHANES database continuously updates its data in a
staggered manner, meaning that at the time of our analysis, the
most recent datasets (2022-2023 and preliminary 2024) were not
fully available. To ensure completeness and avoid biases introduced
by incomplete data, we restricted our analysis to the fully validated
NHANES cycles from 2011 to 2016. We included adult males aged
20 years and older who had completed measurements for both
testosterone levels and lipid profiles. Additionally, participants
needed to have complete data on relevant covariates to be
included in the analysis. The inclusion criteria resulted in the
exclusion of several groups: 15,151 females, 6,506 individuals
under 20 years of age, 836 participants without testosterone
measurements, 4,001 without lipid measurements (4,000 missing
LDL-c and 1 missing HDL-c), and 549 participants lacking data on
covariates. After applying these criteria, the final analytic sample
comprised 2,859 individuals from an initial pool of 29,902
participants. Detailed exclusion criteria and participant numbers
are presented in Figure 1.

NHANES (2011-2016)
N=29902

Female participants (N=15151)

i

=14751

Participants <20y (N=6506)

J

245

N=4837
Participants without data on TT: 836
Participants without data on NHHR: 4001

N=3408 N

Participants without data on PIR: 288
> Participants without data on BMI: 28
Participants without data on UA: 5

Participants without data on education: 5

N=2859

FIGURE 1

Flowchart of participant selection from the NHANES 2011-2016
cycles. NHANES, National Health and Nutrition Examination Survey;
TT, total testosterone levels; NHHR, non-HDL cholesterol to HDL
cholesterol ratio; PIR, poverty-income ratio; BMI, body mass index;
UA, uric acid.

Participants without data on smoke and alcohol: 223
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2.2 Exposure variable measurement

The primary exposure variable in this study was the ratio of
non-HDL-c to HDL-¢, known as (NHHR) (14). To measure total
cholesterol (TC) and HDL-c, and LDL-c, an automated
biochemistry analyzer performed enzymatic tests. Specifically, the
TC concentrations were determined using Roche Cobas 6000 and
Roche Modular P chemical analyzers. Blood samples were drawn
from participants after an overnight fast to reduce variability caused
by recent food intake. Non-HDL-c was calculated by subtracting
HDL-c¢ from TC, providing a measure of all atherogenic
lipoproteins present in the blood. The lipid measurements were
conducted by certified laboratories using validated assays to ensure
accuracy and reliability.

2.3 Outcome variable measurement

The primary outcomes in this study were total testosterone
levels and the diagnosis of TD. Total testosterone levels were
measured using isotope dilution liquid chromatography-tandem
mass spectrometry (ID-LC-MS/MS), based on the reference method
established by the National Institute for Standards and Technology
(NIST). This highly precise technique ensures accurate
quantification of testosterone, with a linear detection limit down
to 0.75 ng/dL. TD was defined biochemically, given the constraints
of the NHANES database, using the threshold recommended by the
American Urological Association. According to these guidelines,
testosterone deficiency is diagnosed when total testosterone levels
are below 300 ng/dL (15). To minimize biological variability, serum
specimens were collected in the morning after participants had
fasted overnight. The collected samples were then promptly shipped
frozen on dry ice for immediate analysis or stored at -70°C for long-
term preservation. The Centers for Disease Control and Prevention
(CDC) developed the ID-LC-MS/MS method for routine
testosterone analysis, ensuring the reliability and validity of
the measurements.

2.4 Potential covariates

Based on previously published studies, several covariates were
included in the analysis to adjust for potential confounding factors
that might influence the relationship between NHHR and
testosterone levels. These covariates encompassed demographic,
biochemical, and lifestyle variables, as well as medical
comorbidities. Age was categorized into three groups: 20-40 years,
40-60 years, and > 60 years. Body mass index (BMI) was divided
into three categories: <25 kg/m?, 25-30 kg/m? and >= 30 kg/m”.
Additionally, age and BMI were analyzed as a continuous variable
to account for its linear relationship with the outcomes. The
poverty-income ratio (PIR) was used as an indicator of
socioeconomic status, categorized into three groups: <1.3, 1.3 to
3.5, and > 3.5. Race and ethnicity were classified into five categories:
Non-Hispanic White, Non-Hispanic Black, Mexican American,
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Other Hispanic, and Other Race. Educational attainment was
grouped into three levels: less than high school, high school
graduate, and more than high school. Marital status was classified
into solitude and cohabitation.

Biochemical measurements included TC, TG, HDL-c, LDLc,
and uric acid (UA). These indicators were measured using
standardized laboratory methods to ensure accuracy and
reliability. Smoking status was categorized based on lifetime
smoking and current smoking behavior: current smokers (who
have smoked over 100 cigarettes in their lifetime and currently
smoke), former smokers (who have smoked over 100 cigarettes in
their lifetime but do not currently smoke), and never smokers (who
have smoked fewer than 100 cigarettes in their lifetime). Alcohol
consumption was defined as less than 12 drinks per year or 12 or
more drinks per year. Medical comorbidities included hypertension,
diabetes mellitus (DM), and cardiovascular disease (CVD).
Hypertension was defined by a previous diagnosis, self-reported
use of antihypertensive medication, or measured blood pressure
>140/90 mmHg. Diabetes was diagnosed based on a previous
diagnosis, use of diabetes medication or insulin, a plasma glucose
level >200 mg/dL two hours after an oral glucose tolerance test
(OGTT), HbAlc 26.5%, or a fasting glucose level 2126 mg/dL.
Individuals with impaired fasting glucose (IFG) or impaired glucose
tolerance (IGT), indicating abnormal blood glucose levels that do
not meet the criteria for DM, were categorized as having borderline
DM. CVD was defined by a self-reported history of angina, heart
attack, or coronary heart disease.

2.5 Statistical analysis

All data analyses were conducted in accordance with the CDC
guidelines for NHANES statistical analyses. Given the complex
multistage cluster survey design of NHANES, all statistical analyses
were appropriately weighted. Initially, we performed descriptive
statistics to summarize the study population. Continuous variables
were presented as weighted means + standard errors, and comparisons
between groups were made using weighted survey-weighted linear
regression. Categorical variables were expressed as weighted
percentages, with group comparisons conducted using weighted chi-
square tests. To assess the relationship between NHHR and total
testosterone levels, multivariable linear regression analyses were
employed. The results were reported as beta coefficients with 95%
confidence intervals (CIs). Furthermore, multivariable logistic
regression analyses were conducted to evaluate the association
between NHHR and the risk of TD, with results expressed as odds
ratios (ORs) and 95% CIs. In all regression analyses, NHHR was
treated both as a continuous variable and as quartiles. Three models
were constructed for the regression analyses: Model 1 included no
adjustments; Model 2 adjusted for demographic variables, including
age, race/ethnicity, marital status, education, and PIR; Model 3 further
adjusted for additional covariates, including BMI, smoking status,
alcohol consumption, hypertension, DM, CVD, UA, and TC.

Subsequently, we conducted subgroup analyses to explore the
stability of the relationship between NHHR and both total
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testosterone levels and the risk of TD across different populations.
Subgroups included age, BMI, smoking status, DM, hypertension, and
CVD. Similar to the main regression analyses, NHHR was treated
both as a continuous variable and as quartiles, and outcomes included
total testosterone levels and the risk of TD. Interaction tests were
performed to assess heterogeneity between subgroups. To visualize
the potential nonlinear relationship between NHHR and the
outcomes, smooth curve fitting and generalized additive models
were utilized. This approach allowed for the identification of any
nonlinear associations. A two-sided p-value of less than 0.05 was
considered statistically significant. To address the risk of Type I errors
in subgroup analyses due to multiple comparisons, we employed the
Bonferroni correction. The significance threshold was adjusted by
dividing the original p-value of 0.05 by the number of subgroups
being compared. For example, when comparing three subgroups,
statistical significance was defined as p < 0.017. This adjustment helps
minimize the risk of false positives and strengthens the reliability of
the results. All statistical analyses were performed using
EmpowerStats (http://www.empowerstats.com, X&Y Solutions,
Inc.) and the statistical software packages R (http://www.R-
project.org; The R Foundation).

3 Results

3.1 Demographic characteristics of
study participants

A total of 2,859 participants were included in the study. The
mean age of the participants was 47.76 + 0.41 years, and the mean
BMI was 28.92 + 0.16 kg/m”. The mean total testosterone level was
452.47 + 5.12 ng/dL, with a prevalence of TD of 21.0% (601 out of
2,859 participants). The mean NHHR was 3.37 + 0.08 among
participants with TD, which was significantly higher than the
mean NHHR of 2.95 + 0.03 observed in those with normal
testosterone levels. Participants with TD were generally older and
had a higher BMI compared to those without TD. Additionally,
there were significant differences in smoking and alcohol
consumption habits, as well as the prevalence of medical
comorbidities between the two groups. Specifically, participants
with TD had higher rates of CVD, DM, and hypertension.
Moreover, significant differences were also observed between the
two groups in terms of UA, HDL-c, and TG. More detailed results
are presented in Table 1.

3.2 Regression analysis and smooth
curve fitting

Our primary outcome variable was total testosterone level,
while the primary exposure variable was continuous NHHR. The
analysis revealed that an increase in NHHR was consistently
associated with a decline in total testosterone levels across all
models. Specifically, in Model 1, the relationship was quantified
as B = -27.77 (95% CI: -34.51 to -21.02, P < 0.0001). This inverse
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TABLE 1 Weighted baseline characteristics of study participants.
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Characteristics Total Without TD With TD P value
Participants number 2859 2258 601
Age, years 47.76 £ 0.41 46.77 £ 0.55 51.80 + 0.74 < 0.0001
BMI, kg/m2 28.92 £ 0.16 27.86 + 0.15 33.28 +0.48 < 0.0001
TC, mg/dl 186.66 + 1.08 187.19 £ 1.12 184.50 + 2.38 0.28
TG, mg/dl 122.72 £ 2.04 115.71 + 2.07 151.41 + 4.12 < 0.0001
HDL, mg/dl 49.24 + 0.40 50.44 + 0.48 44.31 + 0.60 < 0.0001
LDL, mg/dl 112.88 £ 0.85 113.60 £ 0.93 109.90 + 2.08 0.11
Non-HDL 137.43 £ 1.09 136.75 + 1.13 140.19 + 2.41 0.18
NHHR 3.03 +0.03 2.95 +0.03 3.37 £ 0.08 < 0.0001
Total testosterone, ng/dl 45247 + 5.12 508.66 + 5.81 22243 +3.26 < 0.0001
UA, mg/dl 6.10 £ 0.03 5.99 + 0.03 6.54 + 0.07 < 0.0001
Age group, % < 0.001
20-40y 34.90 37.40 24.66
40-60y 37.61 36.77 41.07
=60y 27.49 25.83 34.27
BMI, % < 0.0001
Normal (<25 kg/mz) 26.54 30.43 10.63
Overweight (25-30 kg/m?) 38.03 40.17 29.27
Obese (=30 kg/mz) 35.43 29.40 60.09
PIR, % 0.86
<13 20.92 20.99 20.67
1.3-35 35.10 34.80 36.31
>=3.5 43.98 4421 43.02
Race, % 0.48
Non-Hispanic White 70.30 69.63 73.04
Non-Hispanic Black 8.18 8.32 7.62
Mexican American 8.30 8.57 7.20
Other Hispanic 6.00 6.03 5.88
Other Race 7.22 7.45 6.26
Education, % 0.93
Less than high school 15.77 15.62 16.38
High school 22.59 22.69 2217
More than high school 61.64 61.69 61.45
Marital status, % 0.10
Solitude 32.55 33.51 28.66
Cohabitation 67.45 66.49 71.34
Smoke, % < 0.0001
Never 48.00 49.23 42.98
(Continued)
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TABLE 1 Continued
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Characteristics Total Without TD With TD P value
Former 30.82 28.24 41.40
Current 21.18 22.53 15.63

Alcohol, % < 0.001
No 21.20 19.06 29.94
Yes 78.80 80.94 70.06

Hypertension, % < 0.0001
No 59.58 62.60 47.23
Yes 40.42 37.40 52.77

Diabetes, % < 0.0001
No 62.69 67.89 41.41
Prediabetes 20.03 18.62 25.82
Yes 17.28 13.50 32.76

CVD, % < 0.0001
No 89.42 91.03 82.84
Yes 10.58 8.97 17.16

TD, Testosterone Deficiency; BMI, Body Mass Index; TC, Total Cholesterol; TG, Triglycerides; HDL, High-Density Lipoprotein Cholesterol; LDL, Low-Density Lipoprotein Cholesterol; NHHR,
Non-HDL Cholesterol to HDL Cholesterol Ratio; UA, Uric Acid; PIR, Poverty-Income Ratio; CVD, Cardiovascular Disease.
Data are presented as weighted means + standard errors or percentages; Statistical significance was determined using weighted survey-weighted linear regression for continuous variables and

weighted chi-square tests for categorical variables.

association remained robust in Model 2, with B = -28.56 (95% CI:
-35.39 to -21.72, P < 0.0001). Even after full adjustment in Model 3,
the relationship persisted, though slightly attenuated, with B =
-16.31 (95% CI: -26.58 to -6.04, P = 0.003). When NHHR was
categorized into quartiles, using the lowest quartile (Q1) as the
reference group, Model 3 demonstrated that participants in the
highest quartile (Q4) had significantly lower testosterone levels,
with B = -54.98 (95% CI: -86.21 to -23.74, P = 0.001), and a
significant trend test. This trend was consistent across Model 1 and
Model 2 as well. Further analysis using TD as the outcome variable
reinforced these findings. In the fully adjusted Model 3, a
continuous increase in NHHR was associated with an elevated
risk of TD (OR = 1.24, 95% CI: 1.07 to 1.44, P = 0.01). Comparing
quartiles, participants in Q4 had a significantly higher risk of TD
compared to those in Q1 (OR = 2.04, 95% CI: 1.20 to 3.49, P = 0.01).
These significant associations were consistently observed in Model
1 and Model 2 as well. Detailed results are presented in Table 2. The
smooth curve fitting, conducted using Model 3, illustrated a clear
negative linear relationship between NHHR and total testosterone
levels, and a positive linear relationship with the risk of TD. These
relationships are visually depicted in Figure 2A, B, providing a clear
and intuitive presentation of the data.

3.3 Subgroup analysis

In the subgroup analyses, we examined the relationship between
continuous NHHR and the outcomes of total testosterone levels and
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TD, adjusting for all variables included in Model 3 except for the
grouping variable itself. For age subgroups, the analysis
demonstrated a significant inverse relationship between NHHR
and total testosterone levels in participants aged 20-40 years (§ =
-24.49, 95% CI: -38.01 to -10.96). However, no significant
association was observed between NHHR and TD in any age
subgroup. Regarding BMI subgroups, the relationship between
NHHR and total testosterone levels, as well as the risk of TD, was
significant only in participants with a BMI >30 kg/m”. Specifically,
the B coefficient for total testosterone was -26.56 (95% CI: -43.55 to
-9.58), and the OR for TD was 1.54 (95% CI: 1.23 to 1.93). In the
smoking status subgroups, no significant associations were found
between NHHR and either total testosterone levels or TD among
current smokers. For participants with and without DM and CVD,
significant associations between NHHR and both outcomes were
only observed in those without these comorbidities. Conversely, for
hypertension, significant associations were found regardless of the
presence or absence of the condition. Detailed results of the
subgroup analyses are presented in Table 3, with no interaction
effects detected across all subgroups.

Subsequently, we analyzed the associations using NHHR
quartiles as the exposure while keeping the outcomes as total
testosterone levels and TD. The subgroup analyses were similarly
adjusted for all variables in Model 3, excluding the grouping
variable. Detailed results are presented in Table 4. Using Q1 as
the reference, the significant associations between NHHR and
total testosterone levels were observed in several subgroups:
participants aged 20-40 years (B = -98.64, 95% CI: -139.33 to
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TABLE 2 Weighted linear and logistic regression analysis of NHHR with total testosterone Levels and testosterone deficiency.

Model 1

Total testosterone (ng/dl)-B (95%Cl) p-value

Model 2 Model 3

Continuous -27.77(-34.51, -21.02), P<0.0001 -28.56(-35.39, -21.72), P<0.0001 -16.31(-26.58, -6.04), 0.003
Quartile 1 Reference Reference Reference

Quartile 2 -33.78(-55.29, -12.27), 0.003 -32.17(-53.51, -10.84), 0.004 17.31(-39.33, 4.71), 0.12
Quartile 3 -53.54(-78.99, -28.09), P<0.001 -52.6(-78.61, -26.59), P<0.001 -14.48(-40.22, 11.26), 0.26
Quartile 4 -94.46(-119.03, -69.90), P<0.0001 -95.34(-119.32, -71.37), P<0.0001 -54.98(-86.21, -23.74), 0.001
P for trend <0.0001 <0.0001 0.003

Testosterone deficiency-OR (95% Cl) p-value

Continuous 1.28(1.17,1.41), P<0.0001 1.32(1.19,1.45), P<0.0001 1.24(1.07,1.44), 0.01
Quartile 1 Reference Reference Reference

Quartile 2 1.60(1.14,2.25), 0.01 1.67(1.18,2.38), 0.01 1.43(0.96,2.12), 0.07
Quartile 3 1.80(1.24,2.61), 0.003 1.94(1.32,2.83), 0.001 1.30(0.82,2.04), 0.25
Quartile 4 2.46(1.73,3.51), P<0.0001 2.73(1.89,3.95), P<0.0001 2.04(1.20,3.49), 0.01
P for trend <0.0001 <0.0001 0.013

Model 1: Unadjusted.

Model 2: Adjusted for demographic variables including age, race/ethnicity, marital status, education level, and PIR.

Model 3: Further adjusted for additional covariates including BMI, smoking status, alcohol consumption, hypertension, DM, CVD, UA, and TC.

TD, Testosterone Deficiency; BMI, Body Mass Index; TC, Total Cholesterol; NHHR, Non-HDL Cholesterol to HDL Cholesterol Ratio; UA, Uric Acid; PIR, Poverty-Income Ratio; CVD,
Cardiovascular Disease; DM, diabetes mellitus; OR, Odds Ratio; 95% CI, 95% Confidence Interval.

-57.95), those with BMI > 25 kg/m?, non-smokers (f = -73.71, 95%
CL: -116.67 to -30.75), those without hypertension (B = -55.84,
95% CI: -89.45 to -22.23), and those without DM (8 =-59.32, 95%
CI: -95.80 to -22.83). For CVD subgroups, significant associations
were found regardless of the presence or absence of these
conditions. When considering TD as the outcome, significant
associations between NHHR and the risk of testosterone

deficiency were observed in specific subgroups. These included

participants with BMI > 30 kg/m* (OR = 3.79, 95% CI: 1.61 to
8.93), non-smokers (OR = 2.29, 95% CI: 1.24 to 4.25), former
smokers (OR = 3.42, 95% CI: 1.54 to 7.57), and those without
CVD (OR = 1.89, 95% CI: 1.06 to 3.38). Consistent with the
previous analyses, no interaction effects were detected across all
subgroups, confirming the robustness and consistency of the
observed associations. Significance of the above subgroup
analyses were based on Bonferroni-corrected p-values.
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Testosterone deficiency
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Graphics of smooth curve fittings illustrating the relationship between continuous NHHR and (A) total testosterone levels, and (B) risk of testosterone
deficiency (TD). The odds ratios (ORs), depicted by solid lines, were adjusted for age, race/ethnicity, marital status, education level, poverty-income
ratio (PIR), body mass index (BMI), smoking status, alcohol consumption, hypertension, diabetes mellitus (DM), cardiovascular disease (CVD), uric acid
(UA), and total cholesterol (TC). Corresponding 95% confidence intervals (Cls) are represented by black dashed lines.
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TABLE 3 Weighted subgroup analysis of continuous NHHR with total testosterone levels and testosterone deficiency.

Subgroup B (95%Cl) P value P for interaction OR (95%Cl) P value P for interaction
Age group 0.07 0.42
20-40y -24.49 (-38.01, -10.96) <0.001 121 (0.93,157) | 0.15
40-60y -11.85 (-25.20, 1.49) 0.08 1.14 (0.91,1.44) 025
>60y -6.57 (-27.00,13.86) 052 1.32 (0.95,1.82) 0.09
BMI 0.17 0.12
Normal -5.54 (-23.27, 12.18) 0.53 1.02 (0.71,1.48) 0.90
Overweight -13.77 (-27.75, 0.21) 0.05 1.19 (0.94,1.50) 0.14
Obese -26.56 (-43.55, -9.58) 0.003 1.54 (1.23,1.93) <0.001
Smoking status 0.87 0.04
Never -19.15 (-34.21, -4.08) 0.01 1.25 (1.00,1.56) 0.05
Former 21.7 (-32.64, -10.76) <0.001 1.56 (1.26,1.93) <0.001
Current -8.05 (-25.40, 9.31) 035 0.90 (0.64,1.27) 0.55
DM 0.90 0.82
No -15.21 (-26.54, -3.88) 0.01 1.25 (1.06,1.48) 0.01
Borderline -17.99 (-34.73, -1.26) 0.04 1.13 (0.85,1.50) 0.39
Yes -20.35 (-44.42, 3.72) 0.09 1.30 (0.91,1.85) 0.14
Hypertension 0.63 0.73
No -16.98 (-28.02, -5.95) 0.004 1.22 (1.01,1.47) 0.04
Yes -17.59 (-32.07, -3.11) 0.02 1.28 (1.01,1.62) 0.04
CVD 0.13 0.42
No -14.56 (-25.16, -3.97) 0.01 1.24 (1.08,1.42) 0.003
Yes -24.21 (-49.18, 0.76) 0.06 1.23 (0.81,1.86) 031

Analyses were conducted in Model 3, with full adjustment for all covariates except the subgroup variable itself.
BMI, Body Mass Index; NHHR, Non-HDL Cholesterol to HDL Cholesterol Ratio; DM, diabetes mellitus; CVD, Cardiovascular Disease; OR, Odds Ratio; 95% CI, 95% Confidence Interval.
The bold values indicate p < 0.05, representing statistical significance.

TABLE 4 Weighted subgroup analysis of NHHR quartiles with total testosterone levels and testosterone deficiency.

Subgroup Quartile 1 Quartile 2 Quartile 3 Quartile 4 P for trend P for interaction
Total testosterone (ng/dl)-B (95%Cl)

Age group 0.06
20-40y Reference -38.57 (-69.09, -8.04) | -34.77 (-82.01,12.47) | -98.64 (-139.33, -57.95)  <0.001
40-60y Reference -33.9 (-70.45, 2.65) -26.69 (-66.12,12.75) | -39.74 (-82.58, 3.10) 0.11
>60y Reference 23.62 (-26.92, 74.16) 35.87 (-24.86, 96.60) -19.17 (-84.73, 46.38) 0.93

BMI 0.60
Normal Reference -7.78 (-44.26, 28.71) 8.34 (-38.93, 55.61) -42.64 (-102.41, 17.13) 0.40
Overweight Reference -23.07 (-64.33, 1820)  -31.37 (-68.78, 6.05) -80.54 (-131.87, -29.20)  0.01
Obese Reference -19.76 (-61.54,22.03)  -27.7 (-66.17, 10.77) -44.83 (-88.15, -1.50) 0.04

Smoking status 0.90
Never Reference 21.94 (-59.49, 15.61)  -27.93 (-74.29,18.43) | -73.71 (-116.67, -30.75)  0.004
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TABLE 4 Continued

Subgroup

Quartile 1

Quartile 2

Quartile 3

Quartile 4

Total testosterone (ng/dl)-B (95%Cl)

P for trend

10.3389/fendo.2025.1478124

P for interaction

Former Reference -4.1 (-46.70, 38.49) -9.26 (-47.51, 28.99) -51.4 (-89.89, -12.91) 0.01
Current Reference -44.06 (-90.41, 2.30) -14.28 (-64.61, 36.06) -40.19 (-94.44, 14.05) 0.25

DM 0.71
No Reference -29.12 (-55.35, -2.90) -19.69 (-49.18, 9.80) -59.32 (-95.80, -22.83) 0.005
Borderline Reference 4.66 (-39.88, 49.20) 11622 (-73.18,40.73) | -40.23 (-97.65, 17.20) 0.13
Yes Reference 11.94 (-52.59, 76.47) 15.18 (-51.24, 81.60) -48.55 (-132.28, 35.18) 0.31

Hypertension 0.74
No Reference -9.47 (-36.39, 17.45) -11.89 (-42.28, 18.50) -55.84 (-89.45, -22.23) 0.004
Yes Reference -34.31 (-70.48, 1.86) -26.4 (-74.42, 21.62) -59.91 (-106.44, -13.38) 0.04

CVD 0.65
No Reference 12,51 (-37.83,12.81)  -10.89 (-40.32, 18.54) | -46.82 (-79.55, -14.08) 0.01
Yes Reference 51.83 (-120.32, 16.66) | -53.62 (-114.70, 7.47) | -110.81 (-188.53, -33.09) = 0.01

Testosterone deficiency-OR (95% CI)

Age group 0.15
20-40y Reference 1.37 (0.55,3.42) 1.02 (0.35,3.02) 2.14 (0.71,6.50) 0.20
40-60y Reference 2.51 (1.06,5.93) 1.95 (0.87,4.34) 1.87 (0.74,4.72) 0.49
>60y Reference 1.12 (0.63,1.99) 1.08 (0.48,2.45) 2.45 (0.89,6.71) 0.14

BMI 0.36
Normal Reference 0.79 (0.32,1.94) 1.29 (0.35,4.69) 1.59 (0.52,4.82) 0.48
Overweight Reference 1.71 (0.71,4.14) 1.70 (0.80,3.59) 1.88 (0.70,5.02) 0.25
Obese Reference 1.69 (0.86,3.33) 1.56 (0.73,3.31) 3.79 (1.61,8.93) 0.004

Smoking status 0.12
Never Reference 1.54 (0.90,2.65) 1.63 (0.93,2.85) 2.29 (1.24,4.25) 0.01
Former Reference 1.77 (0.93,3.36) 1.86 (0.97,3.55) 3.42 (1.54,7.57) 0.01
Current Reference 0.98 (0.55,1.77) 0.50 (0.20,1.29) 0.74 (0.29,1.88) 0.38

DM 0.90
No Reference 1.74 (0.99,3.05) 1.41 (0.69,2.89) 2.02 (0.89,4.59) 0.15
Borderline Reference 0.97 (0.38,2.47) 1.00 (0.46,2.19) 1.43 (0.53,3.86) 0.41
Yes Reference 1.35 (0.62,2.96) 1.45 (0.67,3.12) 2.65 (0.89,7.94) 0.09

Hypertension 0.97
No Reference 1.34 (0.74,2.40) 1.29 (0.66,2.54) 1.96 (0.88,4.33) 0.10
Yes Reference 1.54 (0.87,2.73) 1.33 (0.71,2.49) 2.23 (1.05,4.73) 0.06

CVD 0.76
No Reference 1.37 (0.83,2.25) 1.31 (0.78,2.21) 1.89 (1.06,3.38) 0.03
Yes Reference 2.11 (0.62, 7.23) 1.45 (0.46, 4.63) 3.54 (0.91,13.77) 0.12

Analyses were conducted in Model 3, with full adjustment for all covariates except the subgroup variable itself.

BMI, Body Mass Index; NHHR, Non-HDL Cholesterol to HDL Cholesterol Ratio; DM, diabetes mellitus; CVD, Cardiovascular Disease; OR, Odds Ratio; 95% CI, 95% Confidence Interval.
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4 Discussion

In this analysis involving 2,859 adult American males, we
observed that participants with higher NHHR were more likely to
have lower total testosterone levels and a higher risk of TD. These
associations remained robust across different population
characteristics, including age, BMI, smoking status, and the
presence of DM, hypertension, or CVD, as verified by subgroup
analyses and interaction tests. Moreover, we found a linear
relationship between increasing continuous NHHR and both
declining total testosterone levels and increasing risk of TD.
Consequently, utilizing NHHR in clinical practice to identify
individuals at risk for testosterone decline or deficiency holds
substantial potential benefits.

Clinical studies have shown that there is a significant
relationship between lipid metabolism disorders and testosterone
levels. Research indicates that increased levels of LDL-c) and TC, as
well as decreased levels of HDL-c, are associated with a decline in
testosterone levels (9). Additionally, the decrease in testosterone
levels is linearly correlated with these changes in blood lipids (10).
Previous studies have long demonstrated that HDL-C levels are
positively correlated with testosterone levels, while very-low-density
lipoprotein cholesterol (VLDL-C) levels are negatively correlated
with testosterone levels (9, 16). Therefore, a comprehensive
assessment of no-HDL-c¢ and HDL-c homeostasis is more
conducive to understanding its relationship with testosterone.

NHHR is a newly developed index used to assess atherosclerotic
blood lipids (the ratio of non-HDL-C to HDL-C), and it is related to
dyslipidemia-related diseases (17). An increase in NHHR may
indicate an imbalance in lipid metabolism. Currently, many
related studies have shown that NHHR can independently
determine the risk of atherosclerosis, insulin resistance and
metabolic syndrome, chronic kidney disease, and non-alcoholic
fatty liver disease (13, 18-20), outperforming standard lipid
parameters in prediction and diagnostic efficacy. Recent research
had also reported associations between NHHR and various diseases
such as depression, abdominal aortic aneurysm, and diabetes (17,
21, 22). Therefore, in our study, we demonstrated the relationship
between NHHR and TD, showing that higher NHHR is associated
with lower total testosterone levels and an increased risk of TD.
While NHHR offers a novel approach to predicting TD, it is
important to consider how it compares with existing diagnostic
criteria. Currently, the diagnosis of TD is typically based on serum
testosterone levels and the presence of clinical symptoms, with a
testosterone level threshold of < 300 ng/dL. In comparison, NHHR
integrates both lipid metabolism and inflammation, factors that are
strongly associated with testosterone regulation. By providing a
more comprehensive view of an individual’s metabolic and
inflammatory status, NHHR could serve as a complementary tool
for risk stratification, helping to identify individuals at risk for TD
earlier, particularly in those with underlying metabolic
disturbances. However, further validation in clinical cohorts is
needed to fully assess NHHR’s role in clinical practice and its
predictive accuracy compared to traditional diagnostic criteria.
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This study initially investigated the relationship between
NHHR and testosterone, and the underlying mechanisms
between the two are unclear. HDL-C inhibits the formation of
atherosclerotic plaques and has anti-inflammatory, antithrombotic,
and antioxidant effects in patients with cardiovascular disease (23).
Additionally, HDL-C primarily reduces the oxidation of LDL-C,
thereby inhibiting the inflammatory activation of endothelial cells
by LDL-C (24). However, a decrease in HDL-C levels can activate
inflammatory and oxidative pathways, thereby accelerating the
progression of diseases. Under normal physiological conditions,
HDL-C can remove endotoxins (LPS) from the bloodstream, inhibit
the maturation and activation of macrophages and lymphocytes,
and reduce inflammatory responses (25). Additionally, HDL-C has
antioxidant properties, which can decrease lipid peroxidation
reactions, thus protecting mitochondrial function and energy
production (26). On the other hand, high levels of non-HDL-c
promote the activation of inflammatory pathways. Elevated levels of
pro-inflammatory cytokines such as IL-6, TNF-o, and MCP-1 have
been observed in populations with high non-high-density
lipoprotein cholesterol (27). Additionally, high levels of non-
HDL-c lead to an imbalance between pro-oxidant and antioxidant
mechanisms. This imbalance increases the production of reactive
oxygen species (ROS), such as superoxide and hydroxyl radicals,
which damage cellular components, including lipids, proteins, and
DNA (28). Currently, Mets (including obesity, dyslipidemia,
hypertension, and insulin resistance (IR)) is a risk factor for
testosterone deficiency (29). The activation of inflammation and
increased oxidative stress are indeed mechanisms of Mets (30).
Moreover, Obesity may increase inflammatory factors, IL-6, IL-8,
and IL-1, thereby increasing IR (31, 32). In IR, various cytokines
and inflammatory mediators, particularly CRP, TNF-o,, MCP-1,
and IL, are upregulated (33, 34). While NHHR is a novel marker, its
relevance to endocrine research has not been as extensively explored
as traditional lipid markers. The rationale for using NHHR rather
than traditional lipid markers such as TC, HDL-C, or LDL-C lies in
its ability to integrate lipid metabolism and inflammation, two
critical factors involved in testosterone regulation and TD.
Traditional lipid markers often fail to capture the systemic
inflammation that influences testosterone synthesis, particularly
in metabolic syndrome and insulin resistance, where lipid
imbalance and inflammation coexist. In contrast, NHHR reflects
both triglyceride-glucose interactions, which are closely linked to
insulin resistance and systemic inflammation, offering a more
comprehensive view of the metabolic environment affecting
testosterone regulation. Therefore, an increase in NHHR may
indicate a pro-inflammatory and pro-oxidative state associated
with the pathogenesis of TD, similar to what is observed in Mets.
While this study reports a statistically significant association
between NHHR and testosterone levels (e.g., B = -16.31, P =
0.003), we recognize that small absolute changes in testosterone
may not always result in clinically significant effects. Even though
the decline in testosterone levels observed in this study is
statistically significant, it may not reach a threshold that leads to
meaningful clinical consequences for individuals. Nonetheless,
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modest changes in testosterone could still be relevant in populations
at risk for TD, where even slight declines may contribute to
symptoms like fatigue, reduced libido, or muscle weakness (35).
Future studies should aim to determine the clinical thresholds for
testosterone decline and incorporate symptom-based measures or
quality of life assessments to better understand the true clinical
impact of small changes in testosterone.

The observed differences in the strength of the association
between NHHR and testosterone levels across different subgroups
suggest that the biological mechanisms linking NHHR to
testosterone regulation and TD may vary. Factors such as
inflammation, insulin resistance, adiposity-related hormones, and
age-related changes could contribute to these subgroup-specific
effects. However, the current study did not explore these
mechanistic differences, and we attempt to discuss the potential
mechanisms underlying these differences here. Testosterone levels
naturally decline with age, particularly after the age of 40. Older
individuals may have a diminished capacity to respond to metabolic
or inflammatory insults compared to younger individuals (36). As
NHHR is linked to lipid metabolism and systemic inflammation
(11), its effect on testosterone may be exacerbated in older adults
due to age-related increases in inflammation, insulin resistance, and
adiposity (6). Younger individuals, by contrast, may experience
greater metabolic flexibility (37), where hormonal pathways, such as
the hypothalamic-pituitary-gonadal (HPG) axis, can still
counterbalance metabolic disturbances. This could explain the
stronger association in younger participants. Elevated BMI
(especially in the obese group) is closely linked to increased
adiposity, which promotes chronic low-grade inflammation and
insulin resistance (38). Higher levels of non-HDL cholesterol in
individuals with obesity can further contribute to endothelial
dysfunction, increased oxidative stress, and testicular
steroidogenesis impairment (39). Obesity-related cytokines (such
as TNF-o, IL-6) may inhibit the HPG axis and impair Leydig cell
function, further decreasing testosterone secretion. The stronger
association between NHHR and testosterone in obese individuals
likely reflects this synergistic effect between metabolic disturbances
and hormone regulation. Smoking is a well-known risk factor for
systemic inflammation and vascular dysfunction (40), which can
impact both testosterone production and lipid metabolism.
Smokers often have lower HDL-C levels, higher oxidative stress,
and a reduced antioxidant capacity, all of which can influence
testosterone levels (41). Smokers may also experience altered
gonadal function due to nicotine-induced sympathetic nervous
system activation (42). The observed stronger association in non-
smokers may suggest that the harmful effects of smoking on
inflammation and metabolic health mask the relationship between
NHHR and testosterone in smokers. DM and CVD are both
associated with increased systemic inflammation, oxidative stress,
and insulin resistance, all of which are known to affect testosterone
production (43, 44). In individuals with DM or CVD, the
inflammatory environment may already be so pronounced that
further contributions from NHHR (a lipid-related marker of
inflammation) might be less detectable. In contrast, individuals
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without these comorbidities may exhibit more pronounced
relationships between NHHR and testosterone, as their metabolic
systems may be more responsive to changes in lipid metabolism and
inflammatory markers. This could explain why individuals without
DM or CVD showed stronger associations. Moreover, although no
significant interaction effects were detected across subgroups in this
study, we recognize that certain potential interactions, such as those
between obesity and lipid metabolism, may warrant further
exploration. The absence of significant findings may be due to
statistical limitations or the complexity of these interactions, which
could require more advanced statistical approaches, such as
multilevel modeling or structural equation modeling (SEM).
Future studies should explore these potential interactions using
more sophisticated models to better understand the subgroup-
specific effects and their implications for testosterone regulation.
This study has several notable strengths. First, we are the first to
investigate the association between NHHR and testosterone levels
using the NHANES database, which ensures high-quality data,
representativeness of the population, and ample sample size.
Second, our study meticulously adjusted for all potential
confounding variables based on previously published literature on
factors affecting testosterone levels. This rigorous approach,
supplemented by subgroup analyses and restricted cubic spline
(RCS) analysis, strengthens the robustness and reliability of our
findings. However, several inherent limitations must be considered
when interpreting our results. First, given the cross-sectional design
of this study, we acknowledge that the observed association between
NHHR and testosterone levels cannot establish causality. While we
have identified a significant correlation, it is important to recognize
that the direction of this relationship remains unclear. Reverse
causation—where changes in testosterone could influence NHHR—
cannot be excluded. To better understand the causal relationship
between NHHR and testosterone levels, future studies should utilize
longitudinal or experimental designs that can assess temporal
changes and control for potential confounders. Second, the
diagnosis of TD in our study was solely based on biochemical
measurements of testosterone levels, without considering the
symptomatic manifestations of testosterone deficiency syndrome.
Third, despite adjusting for multiple metabolic and lifestyle factors,
the possibility of residual confounding cannot be ruled out.
Unmeasured variables such as dietary habits, physical activity,
medication use (e.g., statins, testosterone therapy), and genetic
predispositions may influence both NHHR and testosterone
levels. Our covariate selection was guided by prior research,
balancing comprehensiveness with model stability. However,
future studies should incorporate these additional factors to
further refine the understanding of these associations. Fourth,
while we analyzed NHHR both as a continuous variable and by
categorizing it into quartiles, the quartile approach, while useful for
clinical interpretation, may reduce statistical power and obscure
more subtle associations that a continuous analysis might capture.
This categorization could potentially impact the accuracy and
precision of the results. Future studies may benefit from using
continuous variables or alternative methods to explore finer

frontiersin.org


https://doi.org/10.3389/fendo.2025.1478124
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Mei et al.

relationships. Moreover, in this study, testosterone levels were
measured using isotope dilution liquid chromatography-tandem
mass spectrometry (ID-LC-MS/MS), which is considered the gold
standard for steroid hormone quantification due to its high
specificity and accuracy. However, this method requires
specialized equipment and technical expertise, and variability
across laboratories may arise due to differences in calibration
standards and assay conditions. While NHANES implements
strict quality control measures following CDC and NIST
guidelines to standardize testosterone measurements, minor inter-
laboratory variations cannot be entirely ruled out. Additionally,
Testosterone levels fluctuate due to diurnal variation, stress, and
physical activity. NHANES minimizes this by collecting blood
samples in the morning, but a single measurement may not fully
reflect long-term testosterone status. Future studies should
incorporate repeated measurements to enhance reliability.
Furthermore, the significant associations observed between
NHHR and testosterone levels were primarily seen in specific
subgroups, such as younger participants, those with BMI >30 kg/
m?, non-smokers, and individuals without diabetes or CVD. While
these associations are noteworthy, they may not be applicable to all
demographic or health-related subgroups. Subgroup-specific eftects
could be influenced by factors such as age, metabolic status,
smoking, and comorbidities, which may alter the relationship
between NHHR and TD. These findings should be viewed as
hypothesis-generating, and future studies should aim to validate
these associations across more diverse and representative
populations to assess their broader applicability. Lastly, the
exclusion of individuals with missing lipid profile or testosterone
measurement data may introduce potential bias and limit the
generalizability of our findings, especially to populations with
incomplete medical records. Although we used multiple
imputation or complete case analysis to handle the missing data,
we acknowledge that these methods may not fully eliminate bias.
Future research should focus on including populations with more
complete data or exploring advanced imputation methods to
improve the generalizability and robustness of the findings. While
this study demonstrates a significant association between NHHR
and testosterone levels, we recognize that this relationship may be
influenced by several confounding factors, including systemic
inflammation, insulin resistance, adiposity-related hormones, and
lifestyle factors. These factors may contribute to TD independently
of NHHR. Furthermore, alternative explanations, such as the role of
lipid metabolism, endothelial dysfunction, and vascular health, may
also account for the observed association. We acknowledge that the
observed associations should be interpreted with caution and that
NHHR’s potential as a predictive tool for TD needs further
exploration in future studies, with a more thorough control for
confounders. Therefore, prospective studies with larger sample sizes
and the inclusion of more comprehensive covariates are essential to
confirm our results and further elucidate the relationship between
NHHR and testosterone levels.
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5 Conclusion

In conclusion, our comprehensive analysis reveals a significant
association between elevated NHHR and both reduced total
testosterone levels and an increased risk of TD. This finding
highlights the potential role of lipid metabolism in regulating
male androgen levels and suggests that NHHR could be a
promising biomarker for identifying individuals at risk for
declining testosterone levels and TD. However, it is important to
note that the cross-sectional nature of the study limits our ability to
establish causality and assess the long-term clinical implications of
NHHR. While these findings are promising, further validation
through longitudinal studies and clinical trials is essential to
confirm NHHR’s predictive value and its clinical utility in
managing testosterone decline and TD.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material. Further inquiries can be
directed to the corresponding authors.

Ethics statement

The study was conducted in accordance with the Declaration of
Helsinki and approved by the National Center for Health Statistics
Ethics Review Board (Protocol #2011-07 and Continuation of
Protocol #2011-07). Informed consent was obtained from all
participants involved in the study. 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

YM: Conceptualization, Data curation, Formal Analysis, Funding
acquisition, Investigation, Methodology, Project administration,
Resources, Software, Supervision, Validation, Visualization, Writing —
original draft, Writing — review & editing. YC: Conceptualization,
Formal Analysis, Investigation, Methodology, Writing - review &
editing. XW: Conceptualization, Formal Analysis, Investigation,
Supervision, Writing — review & editing. REX: Methodology, Software,
Supervision, Visualization, Writing — original draft, Writing - review &
editing. RX: Investigation, Project administration, Resources, Software,
Supervision, Validation, Visualization, Writing — review & editing. XF:
Conceptualization, Data curation, Formal Analysis, Funding acquisition,
Investigation, Methodology, Project administration, Resources, Software,
Supervision, Validation, Visualization, Writing - original draft,
Writing - review & editing.

frontiersin.org


https://doi.org/10.3389/fendo.2025.1478124
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Mei et al.

Funding

This study received support from the Youth Talent Science and
Technology Project of Changzhou Health Commission (QN202109),
the Youth science and technology talent lifting project program from
Jiangsu and Changzhou Science and Technology Association, The
Changzhou Sci&Tech Program (CJ20245011), and Jinhua Science and
Technology Projects (Grant number 2024-4-097).

Acknowledgments

The authors would like to thank the National Center for Health
Statistics for providing the NHANES data and all the study
participants for their contributions.

References

1. Tyagi V, Scordo M, Yoon RS, Liporace FA, Greene LW. Revisiting the role of
testosterone: Are we missing something? Rev Urol. (2017) 19:16-24. doi: 10.3909/
riu0716

2. Muller MN. Testosterone and reproductive effort in male primates. Horm Behav.
(2017) 91:36-51. doi: 10.1016/j.yhbeh.2016.09.001

3. Cherrier MM. Androgens and cognitive function. J Endocrinol Invest. (2005)
28:65-75.

4. Garcia-Cruz E, Alcaraz A. Testosterone deficiency syndrome: Diagnosis and
treatment. Actas Urol Esp (Engl Ed). (2020) 44:294-300. doi: 10.1016/
j.acuro.2019.10.009

5. Kelly DM, Jones TH. Testosterone: a metabolic hormone in health and disease. J
Endocrinol. (2013) 217:R25-45. doi: 10.1530/joe-12-0455

6. Kwong JCC, Krakowsky Y, Grober E. Testosterone deficiency: A review and comparison
of current guidelines. J Sex Med. (2019) 16:812-20. doi: 10.1016/j.,jsxm.2019.03.262

7. Traish AM, Miner MM, Morgentaler A, Zitzmann M. Testosterone deficiency.
Am ] Med. (2011) 124:578-87. doi: 10.1016/j.amjmed.2010.12.027

8. Liu L, Zhang M, Jiang F, Luo D, Liu S, Su Y, et al. High cholesterol diet-induced
testicular dysfunction in rats. Hormones (Athens). (2023) 22:685-94. doi: 10.1007/
542000-023-00472-4

9. Dai WS, Gutai JP, Kuller LH, Laporte RE, Falvo-Gerard L, Caggiula A. Relation
between plasma high-density lipoprotein cholesterol and sex hormone concentrations
in men. Am J Cardiol. (1984) 53:1259-63. doi: 10.1016/0002-9149(84)90075-4

10. Zhang N, Zhang H, Zhang X, Zhang B, Wang F, Wang C, et al. The relationship
between endogenous testosterone and lipid profile in middle-aged and elderly Chinese
men. Eur ] Endocrinol. (2014) 170:487-94. doi: 10.1530/eje-13-0802

11. Zhu L, Lu Z, Zhu L, Ouyang X, Yang Y, He W, et al. Lipoprotein ratios are better
than conventional lipid parameters in predicting coronary heart disease in Chinese Han
people. Kardiol Pol. (2015) 73:931-8. doi: 10.5603/KP.a2015.0086

12. Hong H, He Y, Gong Z, Feng J, Qu Y. The association between non-high-density
lipoprotein cholesterol to high-density lipoprotein cholesterol ratio (NHHR) and
kidney stones: a cross-sectional study. Lipids Health Dis. (2024) 23:102. doi: 10.1186/
512944-024-02089-x

13. Kim SW, Jee JH, Kim H]J, Jin SM, Suh S, Bae JC, et al. Non-HDL-cholesterol/
HDL-cholesterol is a better predictor of metabolic syndrome and insulin resistance
than apolipoprotein B/apolipoprotein Al. Int J Cardiol. (2013) 168:2678-83.
doi: 10.1016/j.ijcard.2013.03.027

14. Wang A, Li Y, Zhou L, Liu K, Li S, Zong C, et al. Non-HDL-C/HDL-C ratio is
associated with carotid plaque stability in general population: A cross-sectional study.
Front Neurol. (2022) 13:875134. doi: 10.3389/fneur.2022.875134

15. Mulhall JP, Trost LW, Brannigan RE, Kurtz EG, Redmon JB, Chiles KA, et al.
Evaluation and management of testosterone deficiency: AUA guideline. J Urol. (2018)
200:423-32. doi: 10.1016/j.juro.2018.03.115

16. Khaw KT, Barrett-Connor E. Endogenous sex hormones, high density
lipoprotein cholesterol, and other lipoprotein fractions in men. Arterioscler Thromb.
(1991) 11:489-94. doi: 10.1161/01.atv.11.3.489

17. Sheng G, Liu D, Kuang M, Zhong Y, Zhang S, Zou Y. Utility of non-high-density
lipoprotein cholesterol to high-density lipoprotein cholesterol ratio in evaluating

Frontiers in Endocrinology

13

10.3389/fendo.2025.1478124

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.

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.

incident diabetes risk. Diabetes Metab Syndr Obes. (2022) 15:1677-86. doi: 10.2147/
dmso0.5355980

18. Zuo PY, Chen XL, Liu YW, Zhang R, He XX, Liu CY. Non-HDL-cholesterol to
HDL-cholesterol ratio as an independent risk factor for the development of chronic
kidney disease. Nutr Metab Cardiovasc Dis. (2015) 25:582-7. doi: 10.1016/
j.numecd.2015.03.003

19. Iannuzzi A, Giallauria F, Gentile M, Rubba P, Covetti G, Bresciani A, et al.
Association between non-HDL-C/HDL-C ratio and carotid intima-media thickness in
post-menopausal women. J Clin Med. (2021) 11. doi: 10.3390/jcm11010078

20. Yang S, Zhong J, Ye M, Miao L, Lu G, Xu G, et al. Association between the non-
HDL-cholesterol to HDL-cholesterol ratio and non-alcoholic fatty liver disease in
Chinese children and adolescents: a large single-center cross-sectional study. Lipids
Health Dis. (2020) 19:242. doi: 10.1186/s12944-020-01421-5

21. Lin W, Luo S, Li W, Liu J, Zhou T, Yang F, et al. Association between the non-
HDL-cholesterol to HDL- cholesterol ratio and abdominal aortic aneurysm from a
Chinese screening program. Lipids Health Dis. (2023) 22:187. doi: 10.1186/s12944-023-
01939-4

22. Qi X, Wang S, Huang Q, Chen X, Qiu L, Ouyang K, et al. The association
between non-high-density lipoprotein cholesterol to high-density lipoprotein
cholesterol ratio (NHHR) and risk of depression among US adults: A cross-sectional
NHANES study. ] Affect Disord. (2024) 344:451-7. doi: 10.1016/j.jad.2023.10.064

23. Soran H, Hama S, Yadav R, Durrington PN. HDL functionality. Curr Opin
Lipidol. (2012) 23:353-66. doi: 10.1097/MOL.0b013e328355ca25

24. Kratzer A, Giral H, Landmesser U. High-density lipoproteins as modulators of
endothelial cell functions: alterations in patients with coronary artery disease.
Cardiovasc Res. (2014) 103:350-61. doi: 10.1093/cvr/cvul39

25. Tanaka S, Couret D, Tran-Dinh A, Duranteau ], Montravers P, Schwendeman A,
et al. High-density lipoproteins during sepsis: from bench to bedside. Crit Care. (2020)
24:134. doi: 10.1186/s13054-020-02860-3

26. Morris G, Puri BK, Bortolasci CC, Carvalho A, Berk M, Walder K, et al. The role
of high-density lipoprotein cholesterol, apolipoprotein A and paraoxonase-1 in the
pathophysiology of neuroprogressive disorders. Neurosci Biobehav Rev. (2021)
125:244-63. doi: 10.1016/j.neubiorev.2021.02.037

27. Hong N, Lin Y, Ye Z, Yang C, Huang Y, Duan Q, et al. The relationship between
dyslipidemia and inflammation among adults in east coast China: A cross-sectional
study. Front Immunol. (2022) 13:937201. doi: 10.3389/fimmu.2022.937201

28. Stapleton PA, Goodwill AG, James ME, Brock RW, Frisbee JC.
Hypercholesterolemia and microvascular dysfunction: interventional strategies. J
Inflammation (Lond). (2010) 7:54. doi: 10.1186/1476-9255-7-54

29. Zitzmann M. Testosterone deficiency, insulin resistance and the metabolic
syndrome. Nat Rev Endocrinol. (2009) 5:673-81. doi: 10.1038/nrendo.2009.212

30. Monserrat-Mesquida M, Quetglas-Llabrés M, Capo X, Bouzas C, Mateos D,
Pons A, et al. Metabolic syndrome is associated with oxidative stress and
proinflammatory state. Antioxidants (Basel). (2020) 9. doi: 10.3390/antiox9030236

31. Vignozzi L, Morelli A, Sarchielli E, Comeglio P, Filippi S, Cellai I, et al.
Testosterone protects from metabolic syndrome-associated prostate inflammation:
an experimental study in rabbit. J Endocrinol. (2012) 212:71-84. doi: 10.1530/joe-11-
0289

frontiersin.org


https://doi.org/10.3909/riu0716
https://doi.org/10.3909/riu0716
https://doi.org/10.1016/j.yhbeh.2016.09.001
https://doi.org/10.1016/j.acuro.2019.10.009
https://doi.org/10.1016/j.acuro.2019.10.009
https://doi.org/10.1530/joe-12-0455
https://doi.org/10.1016/j.jsxm.2019.03.262
https://doi.org/10.1016/j.amjmed.2010.12.027
https://doi.org/10.1007/s42000-023-00472-4
https://doi.org/10.1007/s42000-023-00472-4
https://doi.org/10.1016/0002-9149(84)90075-4
https://doi.org/10.1530/eje-13-0802
https://doi.org/10.5603/KP.a2015.0086
https://doi.org/10.1186/s12944-024-02089-x
https://doi.org/10.1186/s12944-024-02089-x
https://doi.org/10.1016/j.ijcard.2013.03.027
https://doi.org/10.3389/fneur.2022.875134
https://doi.org/10.1016/j.juro.2018.03.115
https://doi.org/10.1161/01.atv.11.3.489
https://doi.org/10.2147/dmso.S355980
https://doi.org/10.2147/dmso.S355980
https://doi.org/10.1016/j.numecd.2015.03.003
https://doi.org/10.1016/j.numecd.2015.03.003
https://doi.org/10.3390/jcm11010078
https://doi.org/10.1186/s12944-020-01421-5
https://doi.org/10.1186/s12944-023-01939-4
https://doi.org/10.1186/s12944-023-01939-4
https://doi.org/10.1016/j.jad.2023.10.064
https://doi.org/10.1097/MOL.0b013e328355ca25
https://doi.org/10.1093/cvr/cvu139
https://doi.org/10.1186/s13054-020-02860-3
https://doi.org/10.1016/j.neubiorev.2021.02.037
https://doi.org/10.3389/fimmu.2022.937201
https://doi.org/10.1186/1476-9255-7-54
https://doi.org/10.1038/nrendo.2009.212
https://doi.org/10.3390/antiox9030236
https://doi.org/10.1530/joe-11-0289
https://doi.org/10.1530/joe-11-0289
https://doi.org/10.3389/fendo.2025.1478124
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Mei et al.

32. Filippi S, Vignozzi L, Morelli A, Chavalmane AK, Sarchielli E, Fibbi B, et al.
Testosterone partially ameliorates metabolic profile and erectile responsiveness to
PDES5 inhibitors in an animal model of male metabolic syndrome. J Sex Med. (2009)
6:3274-88. doi: 10.1111/§.1743-6109.2009.01467.x

33. Dandona P, Aljada A, Bandyopadhyay A. Inflammation: the link between insulin
resistance, obesity and diabetes. Trends Immunol. (2004) 25:4-7. doi: 10.1016/
j.it.2003.10.013

34. Feinstein R, Kanety H, Papa MZ, Lunenfeld B, Karasik A. Tumor necrosis factor-
alpha suppresses insulin-induced tyrosine phosphorylation of insulin receptor and its
substrates. ] Biol Chem. (1993) 268:26055-8. doi: 10.1016/50021-9258(19)74276-8

35. Gungor O, Ulu S, Hasbal NB, Anker SD, Kalantar-Zadeh K. Effects of hormonal

changes on sarcopenia in chronic kidney disease: where are we now and what can we
do? J Cachexia Sarcopenia Muscle. (2021) 12:1380-92. doi: 10.1002/jcsm.12839

36. Khansari N, Shakiba Y, Mahmoudi M. Chronic inflammation and oxidative
stress as a major cause of age-related diseases and cancer. Recent Pat Inflammation
Allergy Drug Discovery. (2009) 3:73-80. doi: 10.2174/187221309787158371

37. Li P, Newhardt MF, Matsuzaki S, Eyster C, Pranay A, Peelor FF 3rd, et al. The
loss of cardiac SIRT3 decreases metabolic flexibility and proteostasis in an age-
dependent manner. Geroscience. (2023) 45:983-99. doi: 10.1007/s11357-022-00695-0

Frontiers in Endocrinology

14

10.3389/fendo.2025.1478124

38. Szukiewicz D. Molecular mechanisms for the vicious cycle between insulin
resistance and the inflammatory response in obesity. Int J Mol Sci. (2023) 24.
doi: 10.3390/ijms24129818

39. Kelly DM, Jones TH. Testosterone and obesity. Obes Rev. (2015) 16:581-606.
doi: 10.1111/0br.12282

40. Derella CC, Tingen MS, Blanks A, Sojourner SJ, Tucker MA, Thomas J, et al.
Smoking cessation reduces systemic inflammation and circulating endothelin-1. Sci
Rep. (2021) 11:24122. doi: 10.1038/541598-021-03476-5

41. Caliri AW, Tommasi S, Besaratinia A. Relationships among smoking, oxidative
stress, inflammation, macromolecular damage, and cancer. Mutat Res Rev Mutat Res.
(2021) 787:108365. doi: 10.1016/j.mrrev.2021.108365

42. Dimitriadis K, Narkiewicz K, Leontsinis I, Konstantinidis D, Mihas C, Andrikou
1, et al. Acute effects of electronic and tobacco cigarette smoking on sympathetic nerve
activity and blood pressure in humans. Int J Environ Res Public Health. (2022) 19.
doi: 10.3390/ijerph19063237

43. Brody H. Diabetes. Nature. (2012) 485:S1. doi: 10.1038/485s1a

44. Buldak L. Cardiovascular diseases-A focus on atherosclerosis, its prophylaxis,
complications and recent advancements in therapies. Int J Mol Sci. (2022) 23.
doi: 10.3390/ijms23094695

frontiersin.org


https://doi.org/10.1111/j.1743-6109.2009.01467.x
https://doi.org/10.1016/j.it.2003.10.013
https://doi.org/10.1016/j.it.2003.10.013
https://doi.org/10.1016/S0021-9258(19)74276-8
https://doi.org/10.1002/jcsm.12839
https://doi.org/10.2174/187221309787158371
https://doi.org/10.1007/s11357-022-00695-0
https://doi.org/10.3390/ijms24129818
https://doi.org/10.1111/obr.12282
https://doi.org/10.1038/s41598-021-03476-5
https://doi.org/10.1016/j.mrrev.2021.108365
https://doi.org/10.3390/ijerph19063237
https://doi.org/10.1038/485s1a
https://doi.org/10.3390/ijms23094695
https://doi.org/10.3389/fendo.2025.1478124
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	The inverse relationship between the non-high-density lipoprotein cholesterol to high-density lipoprotein cholesterol ratio and testosterone in adult males in the United States: a cross-sectional study based on the NHANES database
	1 Introduction
	2 Materials and methods
	2.1 Data source and study population
	2.2 Exposure variable measurement
	2.3 Outcome variable measurement
	2.4 Potential covariates
	2.5 Statistical analysis

	3 Results
	3.1 Demographic characteristics of study participants
	3.2 Regression analysis and smooth curve fitting
	3.3 Subgroup analysis

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References


