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Background: Cardiometabolic index (CMI) is a well-promising indicator for predicting obesity-related 
diseases. Testosterone decline and deficiency importantly affect men’s health, and may be associated with 
obesity and excessive deposition of visceral adipose tissue. We aimed to explore the association between CMI 
and serum testosterone in US adult males.
Methods: The present cross-sectional study was conducted among adult males with complete data about 
CMI and testosterone in 2013–2016 National Health and Nutrition Examination Survey (NHANES). CMI 
was calculated as follows: triglyceride (TG) (mmol/L)/high-density lipid-cholesterol (HDL-C) (mmol/L) × 
waist-to-height ratio (WHtR). Multivariable regression and subgroup analyses were conducted to explore 
the association between CMI and testosterone.
Results: We included 2,209 male participants for the final analysis. After adjusting for confounders, CMI 
was found to show a negative correlation between testosterone [minimally adjusted model: β=−10.56, 95% 
confidence interval (CI): −12.76, −8.36, P<0.001, fully adjusted model: β=−0.04 (−4.88, 4.81), P=0.99]. 
Multivariate-adjusted beta also showed testosterone levels were significantly lower in the two highest 
CMI groups (Q3, Q4) compared to the lowest group (Q1). In the subgroup populations, the relationship 
between CMI and testosterone was affected by age, race, education level, hypertension, and smoking status 
(P-interaction <0.05). Furthermore, receiver operating characteristic (ROC) curve analysis indicated that 
triglyceride-glucose-body mass index (TyG-BMI) (0.67, 95% CI: 0.65, 0.70) was the best predictor of low 
testosterone (results), although CMI was comparable in its predictive value (0.68, 95% CI: 0.65, 0.71).
Conclusions: Higher CMI scores were associated with lower testosterone levels in adult males in 
the United States, with this correlation being influenced by factors such as age, race, education level, 
hypertension, and smoking status. CMI was comparable to other metabolic indexes for predicting 
testosterone deficiency, although TyG-BMI was the best overall predictor.
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Introduction

Testosterone exerts a multitude of beneficial physiological 
effects which is crucial for men’s well-being, assuming 
a pivotal role in the metabolism of carbohydrates, fats, 
and proteins (1). Moreover, testosterone considerably 
influences the preservation of skeletal and muscular mass, 
while also impacting body fat composition (2). Insufficiency of 
testosterone has been shown to be associated with increased 
adipose tissue, particularly central adiposity, reduced insulin 
sensitivity, impaired glucose tolerance, elevated levels of 
triglycerides (TGs) and total cholesterol (TC), and diminished 
high-density lipoprotein cholesterol (HDL-C) (3). Recent 
evidence suggests that testosterone levels may have declined 
in the USA and other industrialized countries, partly 
due to a rise in body mass index (BMI) and metabolic 
conditions. This decline in testosterone levels underscores 
the importance of investigating the relationship between 
testosterone, metabolism, and associated health outcomes. 
Understanding the factors contributing to changes in 
testosterone levels can provide valuable insights into the 
prevention and management of metabolic disorders in  
men (4). Clinical trials have demonstrated that testosterone 
replacement therapy ameliorates insulin resistance and 
improves glycemic control in hypogonadal men with type 2 
diabetes, leading to reductions in body fat mass, primarily 

in truncal adiposity, cholesterol, and TGs (5,6). The 
mechanisms underlying testosterone’s impact on metabolic 
pathways remain unclear. However, an expanding body of 
evidence from studies involving animals, cells, and patients 
indicates that testosterone regulates the expression of 
crucial regulatory proteins involved in glycolysis, glycogen 
synthesis, and lipid and cholesterol metabolism at the 
molecular level (7,8).

The cardiometabolic index (CMI), calculated by multiplying 
TG (mmol/L)/High-density lipid-cholesterol (HDL-C) 
(mmol/L) × waist-to-height ratio (WHtR) (9), represents a 
novel metric for assessing visceral fat distribution and other 
adverse metabolic conditions (10). Early research has revealed 
its close association with patients afflicted by cardiovascular 
disease (11), kidney disease (12), erectile dysfunction (13), 
diabetes (14), and adverse metabolic conditions. Existing 
evidence suggests that CMI holds promise as a predictive 
tool for metabolic-related diseases (15), Testosterone levels, 
as a crucial male hormone influencing bodily metabolism, 
are speculated to be correlated with CMI. However, no 
previous study has examined the connection between CMI and 
testosterone. Hence, the aim of this study was to investigate 
the association between CMI and testosterone in adult males 
in the United States and evaluate the predictive value of CMI 
for testosterone levels. We present this article in accordance 
with the STROBE reporting checklist (available at https://tau.
amegroups.com/article/view/10.21037/tau-24-121/rc) (16).

Methods

Study population

Cross-sectional data were obtained from National Health 
and Nutrition Examination Survey (NHANES), a national 
study to evaluate the nutrition and health status in the 
United States conducted by the National Center for Health 
Statistics (NCHS). The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013). It 
was conducted with a complex multistage probability 
design to obtain a nationally representative group of non-
institutionalized United States residents (17). The Research 
Ethics Review Board of the NCHS approved all NHANES 
study protocols, and written informed consent was obtained 
from all survey participants. All detailed NHANES study 
designs and data are publicly available at www.cdc.gov/nchs/
nhanes/. This study selected 9,895 male participants from 
2013 to 2016, and 2,209 people were determined according 
to the screening criteria to explore the relationship between 
CMI and testosterone. The exclusion criteria of this 
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study were age <20 years old, lack of testosterone, height, 
waist, TG, and HDL-C indicators. The process of sample 
collection is displayed in Figure 1.

Exposure and outcome definitions

CMI served as an exposure variable and was calculated 
as TG (mmol/L)/HDL-C (mmol/L) × WHtR. Both TG 
and HDL-C measured through enzymatic assay, utilizing 
the Roche Modular P and Roche Cobas 6000 chemistry 
analyzers. Total testosterone was measured via isotope 
dilution liquid chromatography tandem mass spectrometry 
(ID-LC-MS/MS) based on the National Institute for 
Standards and Technology’s (NIST) reference method. 
Testosterone deficiency was defined as total testosterone 
<300 ng/dL according to American Urological Association 
guidelines (18).

Assessment of covariates

This study used a standard questionnaire to collect 
demographic data, including age, race, marital status, 

education level, family income to poverty ratio, smoking 
status, drinking status, and personal medical history 
(hypertension and diabetes). Smoking status was defined 
based on the self-report of Smoking-Cigarette Use 
questionnaire “smoked at least 100 cigarettes in life” 
(yes or no). Drinking status was determined based on 
average alcohol consumption in the past 12 months: 
≤1 drink once was a non or a light drinker, 2–8 was a 
moderate drinker, and >8 was a heavy drinker. The body 
measures data, including BMI, standing height, and waist 
circumference, were collected at the Mobile Examination 
Center (MEC). The participants were divided into 
three groups based on BMI, normal or underweight: 
underweight: BMI ≤18.4 kg/m2, normal: 18.4< BMI  
≤24.9 kg/m2, overweight: 24.9< BMI ≤30 kg/m2, and 
obese: BMI >30 kg/m2. Blood collection was performed 
in the morning after fasting to collect TC, high-density 
lipoprotein (HDL), low-density lipoprotein (LDL), 
TG, fasting blood glucose, insulin, and testosterone. 
Hypertension and diabetes were obtained from the self-
report of a health questionnaire; the investigators asked 
the question “Ever told you by doctor have diabetes?” or 
“Ever told you by doctor have high blood pressure?”. An 
answer of “yes” indicates a “diabetes” case or “hypertension” 
case. Homeostatic Model Assessment of Insulin Resistance 
(HOMA-IR) index calculation: HOMA-IR = fasting plasma 
glucose (mmol/L) × fasting insulin (mU/mL)/22.5.

Statistical analysis

Continuous variables described by a normal distribution 
were presented as mean ± standard deviation (M ± SD). 
Non-normally distributed data were presented as median 
(interquartile range). Categorical variables were presented 
with numbers (n) and percentages (%). The Chi-squared 
test or Kruskal-Wallis H test was used for quartile groups 
of different CMIs. Regression model analysis assessed 
the association between CMI and testosterone, using β 
values and 95% confidence intervals (CIs) indicating the 
relationship. We applied Model 1 with adjusting none, 
Model 2 with adjusted age and race, and Model 3 with 
adjusted age, race, marital status, height, BMI, TG, high-
density lipoprotein, hypertension, diabetes, and smoking 
status. We then used restricted cubic spline curves based on 
regression Model 3 to explore any non-linear relationship 
between CMI and testosterone. Further, stratified analyses 
were conducted according to age, race, marital status, 
education level, BMI status, smoking status, drinking status, 

Male participants from NHANES 
2013-2016 
(N=9,895)

Exclusion: age <20 years old
(N=4,390)

Exclusion: (N=505)
Missing Testosterone data

Included in the study
(N=5,505)

Exclusion: (N=2,791)
•	Missing height data
•	Missing waist data
•	Missing triglyceride data
•	Missing high-density lipid-

cholesterol data

Included in the study
(N=5,000)

Final sample size: 2,209 adult males

Figure 1 Flow diagram of study population. NHANES, National 
Health and Nutrition Examination Survey.
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and histories of chronic diseases. Their interactions were 
tested by log-likelihood ratio test. At last, the ability of the 
CMI index to predict testosterone deficiency was analyzed 
by the receiver operating characteristic (ROC) curve, and 
the area under the ROC curve (AUROC) was calculated. Z 
test was applied to test differences between AUROCs. We 
applied weighted analysis to explain the complex sampling 
of NHANES. Details can be found on this website (https://
wwwn.cdc.gov/nchs/Thestatisticalsoftwareusedbynhan
es/tutorials/module3.aspx). All analyses were performed 
using R version 4.3.2 (http://www.R-project.org, The R 
Foundation) and Empower software (www.empowerstats.
com; X&Y Solutions, Inc., Boston, MA, USA). P<0.05 was 
considered as the statistically significant level.

Results

Population characteristics of participants 

A total of 2,209 male participants were included in this 
study. These individuals were divided into four groups 
based on quartiles of CMI. The baseline characteristics 
of each group are shown in Table 1. The mean age of the 
participants was 49.7±17.3 years, with a mean CMI of 
2.5±3.6 and a mean testosterone level of 456.4±196.2. 
Compared to participants with lower CMI values, 
those with higher CMI values exhibited elevated lower 
levels of testosterone, but higher BMI, TC, TC, fasting 

blood glucose and fasting insulin. They also had lower 
levels of HDL-C. Furthermore, this group showed a 
higher proportion of participants who were married 
or cohabiting, as well as an increased prevalence of 
hypertension and diabetes. In particular, individuals in 
the fourth quartile (Q4) showed the highest TG levels 
(248.37±180.09), HOMA-IR index values (7.53±16.43), 
and the lowest testosterone levels (383.91±181.18). 
Additionally, they had a higher likelihood of being obese 
(BMI 31.39±6.06) and experiencing complications such as 
hypertension (40.51%) and diabetes (17.9%). Significant 
differences were observed among the four groups for all 
variables, except for education level, family income to 
poverty ratio, and drinking status (all P<0.05).

Associations between CMI and testosterone

The association between CMI and testosterone is seen 
in Table 2. Both the crude model and the minimally 
adjusted model revealed a significant negative correlation 
between CMI and testosterone (Model 1, β=−10.58, 95% 
CI: −12.80, −8.37; Model 2, β=−10.56, 95% CI: −12.76, 
−8.36). However, in the fully adjusted model, there was no 
significant correlation observed (Model 3, β=−0.04, 95% 
CI: −4.88, 4.81). This association remained significant 
even when CMI was categorized into quartiles. In Model 
1 and 2, the testosterone levels of the other three groups 
(Q2, Q3, and Q4) were significantly different from that of 

Table 1 Baseline characteristics of the study population according to cardiometabolic index tertiles (N=2,209)

Characteristics Q1 (N=552) Q2 (N=552) Q3 (N=552) Q4 (N=553) P value

Age (years) 48.31±18.76 50.52±17.71 51.02±16.96 48.79±15.71 0.02

Race <0.001

Mexican American 52 (9.42) 77 (13.95) 87 (15.76) 104 (18.81)

Other Hispanic 42 (7.61) 53 (9.60) 76 (13.77) 69 (12.48)

Non-Hispanic White 232 (42.03) 209 (37.86) 217 (39.31) 243 (43.94)

Non-Hispanic Black 151 (27.36) 117 (21.20) 89 (16.12) 54 (9.76)

Other races 75 (13.59) 96 (17.39) 83 (15.04) 83 (15.01)

Marital status <0.001

Married/living with partner 327 (59.24) 378 (68.48) 384 (69.57) 388 (70.16)

Widowed/divorced/separated 80 (14.49) 67 (12.14) 85 (15.40) 84 (15.19)

Never married 145 (26.27) 107 (19.38) 83 (15.04) 81 (14.65)

Table 1 (continued)

https://wwwn
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Table 1 (continued)

Characteristics Q1 (N=552) Q2 (N=552) Q3 (N=552) Q4 (N=553) P value

Education level 0.56

Less than 9th grade 50 (9.06) 46 (8.33) 52 (9.42) 54 (9.76)

9th–11th grade 75 (13.59) 71 (12.86) 82 (14.86) 81 (14.65)

High school graduate/GED or equivalent 132 (23.91) 142 (25.72) 114 (20.65) 118 (21.34)

Some college or AA degree 138 (25.00) 148 (26.81) 159 (28.80) 166 (30.02)

College graduate or above 157 (28.44) 145 (26.27) 144 (26.09) 134 (24.23)

Ratio of family income to poverty 2.62±1.68 2.68±1.64 2.52±1.62 2.45±1.57 0.22

Smoked at least 100 cigarettes 0.045

Yes 276 (50.00) 289 (52.36) 317 (57.43) 315 (56.96)

No 274 (49.64) 262 (47.46) 235 (42.57) 238 (43.04)

Drink status 0.28

None or light drinker 105 (27.06) 102 (27.64) 107 (26.82) 108 (27.69)

Moderate drinker 267 (68.81) 250 (67.75) 273 (68.42) 251 (64.36)

Heavy drinker 16 (4.12) 17 (4.61) 19 (4.76) 31 (7.95)

Hypertension <0.001

Yes 163 (29.53) 181 (32.79) 226 (40.94) 224 (40.51)

No 389 (70.47) 370 (67.03) 325 (58.88) 328 (59.31)

Diabetes <0.001

Yes 42 (7.61) 71 (12.86) 97 (17.57) 99 (17.90)

No 494 (89.49) 468 (84.78) 441 (79.89) 432 (78.12)

Borderline 16 (2.90) 13 (2.36) 14 (2.54) 21 (3.80)

BMI (kg/m2) 25.26±4.50 27.95±5.84 29.95±6.37 31.39±6.06 <0.001

Standing height (circumference) 152.68±38.16 141.98±39.36 134.80±37.45 131.24±34.60 <0.001

Waist (circumference) 91.89±12.76 99.42±14.90 105.17±15.93 108.17±15.10 <0.001

TG (mg/dL) 57.36±19.15 85.81±25.05 125.22±39.16 248.37±180.09 <0.001

TC (mg/dL) 175.63±35.11 178.55±37.80 189.62±42.44 201.31±45.98 <0.001

LDL-C (mg/dL) 100.90±31.07 110.36±33.93 118.79±37.49 118.36±38.26 <0.001

HDL-C (mg/dL) 63.27±16.40 51.05±10.28 45.76±9.19 36.90±7.87 <0.001

Fasting glucose (mg/dL) 5.76±1.48 5.98±1.48 6.40±2.14 6.91±2.79 <0.001

Insulin (uU/mL) 7.98±10.70 10.69±12.74 14.98±16.76 22.01±36.50 <0.001

Testosterone (ng/dL) 535.59±198.64 479.64±189.93 426.60±181.14 383.91±181.18 <0.001

HOMA-IR index 2.30±5.78 3.05±5.90 4.54±6.59 7.53±16.43 <0.001

Data are presented as mean ± SD or n (%). GED, General Educational Development; AA, associates; BMI, body mass index; TG, 
triglyceride; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, 
homeostatic model assessment index; Q, quartile; SD, standard deviation.
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Table 2 Associations between CMI and testosterone

CMI
Crude model (Model 1) Minimally adjusted model (Model 2) Fully adjusted model (Model 3)

β (95% CI) P β (95% CI) P β (95% CI) P

Continuous −10.58 (−12.80, −8.37) <0.001 −10.56 (−12.76, −8.36) <0.001 −0.04 (−4.88, 4.81) 0.99

CMI quartile

Q1 Reference – Reference – Reference –

Q2 −55.95 (−78.11, −33.79) <0.001 −53.03 (−75.01, −31.05) <0.001 −13.98 (−37.17, 9.21) 0.24

Q3 −108.99 (−131.16, −86.83) <0.001 −105.27 (−127.38, −83.17) <0.001 −41.99 (−68.82, −15.15) 0.002

Q4 −151.68 (−173.83, −129.53) <0.001 −151.92 (−174.14, −129.70) <0.001 −58.71 (−93.75, −23.68) 0.001

P for trend <0.001 <0.001 <0.001

Model 1: no covariates were adjusted; Model 2: adjusted for age and race; Model 3: adjusted for age, race, marital status, height, body 
mass index, triglyceride, high-density lipoprotein, hypertension, diabetes, and smoking status. CMI, cardiometabolic index; Q, quartile; β, 
effect size for linear regression; 95% CI, 95% confidence interval.

quartile 1 (all P<0.001). In Model 3, after comprehensive 
adjustment for confounding variables, testosterone levels 
were significantly lower in the two highest CMI groups (Q3, 
Q4) compared to the lowest group (Q1).

Furthermore, we conducted smoother curve fitting 
analysis to further investigate the relationship between 
CMI and testosterone, which consistently demonstrated a 
negative association (Figure 2).

Subgroup analysis

We then conducted a subgroup analysis to assess whether 

the relationship between CMI and testosterone was stable 
across various demographic situations. As shown in Figure 3, 
the relationship between CMI and testosterone was affected 
by age, race, education level, hypertension, and smoking 
status (P-interaction <0.05).

Comparison of different markers in predicting testosterone 
deficiency

The result of ROC is shown in Figure 4. The AUROC of 
CMI, TyG index, triglyceride-glucose-body mass index 
(TyG-BMI), HOMA-IR index and BMI in predicting 
testosterone deficiency was 0.68 (95% CI: 0.65, 0.71), 0.67 
(95% CI: 0.65, 0.70), 0.76 (95% CI: 0.73, 0.78), 0.69 (95% 
CI: 0.66, 0.72) and 0.74 (95% CI: 0.71, 0.76) respectively. 
The results showed that TyG-BMI was similar to BMI and 
better than CMI, TyG, and HOMA-IR index in predicting 
testosterone deficiency for U.S. adult males, with a cutoff 
value of 223.26, a sensitivity and a specificity of 0.70 and 
0.71, respectively (Table 3).

Discussion

This cross-sectional  study,  which encompassed a 
representative sample on a national scale, sought to 
investigate the association between CMI and testosterone 
levels. The findings of our study indicated a negative 
correlation between elevated CMI and serum testosterone 
levels among adult males in the United States. Furthermore, 
this negative correlation appeared to be influenced by 
variables such as age, race, education level, hypertension, 
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Figure 2 Restricted cubic spline fitting for the association between 
CMI and testosterone levels. The breakpoint is 2.3 (P<0.001). 
CMI, cardiometabolic index.
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Variables
Age(year)group
20−39

ß(95% CI)

40−59

P value

60

P for interaction

Race
Mexican American
Other Hispanic
Non−Hispanic White
Non−Hispanic Black
Other Races
Marital status
Married/Living with Partner
Widowed/Divorced/Separated
Never married
Education level
Less than 9th grade
9th−11th grade
High school graduate/GED or equivalent
Some college or AA degree
College graduate or above
Ratio of family income to poverty
0−1.3RIP
> 1.3−3.5 RIP
> 3.5 RIP
Smoked at least 100 cigarettes
Yes
No
Drinking status
None or light drinker
Moderate drinker
heavy drinker
Diabetes
Yes
No
Hypertension
Yes
No
BMI status
Underweight
Normal
Overweight
Obesity

−14.57 (−18.81, −10.34)
−11.38 (−15.17, −7.58)
−7.54 (−11.01, −4.06)

−11.65 (−16.42, −6.88)
−5.10 (−8.97, −1.24)
−12.76 (−16.66, −8.86)
−13.63 (−22.88, −4.37)
−14.63 (−20.38, −8.88)

−11.38 (−14.26, −8.51)
−10.32 (−17.14, −3.51)
−8.78 (−12.86, −4.70)

−12.32 (−20.67, −3.97)
−9.27 (−15.62, −2.92)
−22.15 (−30.19, −14.12)
−7.99 (−10.92, −5.05)
−12.23 (−16.85, −7.61)

−14.11 (−18.70, −9.52)
−13.41 (−17.74, −9.07)
−13.26 (−18.02, −8.50)

−8.21 (−10.99, −5.44)
−16.99 (−20.78, −13.19)

−13.73 (−20.14, −7.32)
−8.56 (−11.41, −5.71)
−10.07 (−18.40, −1.74)

−9.33 (−14.29, −4.37)
−9.98 (−12.43, −7.54)

−7.51 (−10.38, −4.65)
−13.57 (−16.93, −10.20)

40.75 (−75.35, 156.85)
−11.80 (−23.80, 0.19)
−9.57 (−13.39, −5.75)
−4.06 (−6.38, −1.74)

<0.001
<0.001
<0.001

<0.001
0.01
<0.001
0.004
<0.001

<0.001
0.003
<0.001

0.004
0.005
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001

<0.001
<0.001

<0.001
<0.001
0.02

<0.001
<0.001

<0.001
<0.001

0.5
0.054
<0.001
<0.001

       0.04

       0.03

       0.56

       0.01

       0.96

       <0.001

       0.32

       0.97

       0.01

       0.058

−23 −18 −13 −8 −3 0 14 28 42

The estimates
−23 −18 −13 −8 −3 0 14 28 42
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Figure 3 Associations between CMI and testosterone according to baseline characteristics. The β-coefficients and 95% CI to the left of 
the plot are the numbers that are visualized in the plot. The P value is tested by linear regression analysis. GED, General Educational 
Development; AA, ssociates; RIP, ratio of family income to poverty; BMI, body mass index; CI, confidence interval; CMI, cardiometabolic 
index.

and smoking status. Additionally, our study employed ROC 
analysis and demonstrated that CMI outperformed TyG as 
a predictor of testosterone deficiency. Notably, this study 
represents the first of its kind to explore the relationship 
between CMI and testosterone in the male population, thus 
contributing unique insights to existing knowledge.

The synthesis of testosterone is intricately regulated by 
the hypothalamic-pituitary-testicular (HPT) endocrine 
axis, which plays a crucial role in maintaining hormonal 
balance. Within this axis, basophils in the anterior pituitary 

gland secrete luteinizing hormone (LH), which binds to 
G protein-coupled receptors on the surface of Leydig 
cells. This binding initiates a cascade of stimulation signals 
that promote the synthesis and secretion of testosterone 
within these cells (19). Testosterone, with its wide-reaching 
physiological effects, exerts substantial influence on diverse 
aspects of male biology. It contributes to the development 
of male reproductive organs and plays a pivotal role in 
musculoskeletal synthesis and metabolism. However, it 
is worth noting that testosterone can also stimulate the 
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release of inflammatory factors, thereby participating in 
the inflammatory response (20). When testosterone levels 
are low, the proper functioning of multiple organs can be 
adversely affected (21). This can lead to conditions such as 
male gonadal hypogonadism and atherosclerosis, a form of 
cardiovascular disease characterized by the narrowing and 
hardening of arteries. Furthermore, low testosterone levels 
can increase the incidence of varicocele (enlarged veins in 
the scrotum), prostate enlargement, and osteoporosis. In 

summary, testosterone synthesis and its physiological effects 
are regulated by the HPT axis, and deviations from optimal 
testosterone levels can have wide-ranging consequences 
on male health, including effects on reproductive organs, 
musculoskeletal system, and increased risks of certain 
conditions.

Low levels of testosterone have been showed to be 
associated with various metabolic abnormalities and 
the development of conditions such as dyslipidemia, 
insulin resistance, impaired glucose regulation, obesity, 
hypertension, and diabetes, which are collectively known as 
metabolic syndrome. Macdonald et al. proposed a negative 
correlation between obesity and testosterone levels, as well 
as sex hormone-binding protein (hormone-binding globulin, 
SH-BG) (22). A bi-directional Mendelian randomization 
analysis by Joel Eriksson and colleagues showed that there 
was a causal effect of BMI on serum testosterone levels 
in men (23). A meta-analysis of 2,159 datasets from 1,774 
participants shows weight loss increases testosterone 
levels (24). Additionally, a single-factor analysis of a cross-
sectional study involving non-smoking men aged 54 or 
older revealed that WHtR exhibited a stronger correlation 
with testosterone compared to WC or BMI (25). In a study 
by Fan et al. involving 6,150 Chinese subjects, the levels of 
serum testosterone and blood lipids were measured. The 
results of regression analysis indicated a negative association 
between serum testosterone levels and lipid levels, as well as 
prevalent dyslipidemia (26). Furthermore, obesity was found 
to mediate the effects of serum testosterone on dyslipidemia 
in men. A cross-sectional study based on the NHANES 
dataset demonstrated a negative correlation between male 
testosterone levels and the TyG index, TyG-BMI index, and 
IR index (27). Moreover, several studies have suggested that 
testosterone levels are positively associated with HDL-C 
and negatively associated with TG, while no significant 
associations between testosterone and TC were observed 
in men (28-30). Overall, research indicates that low 
testosterone levels are linked to metabolic abnormalities, 
including dyslipidemia, insulin resistance, and obesity. 

Prev ious  s tud ie s  have  o f ten  used  BMI ,  wa i s t 
circumference, hip circumference, waist-to-hip ratio, and 
other measures to assess obesity and lipid metabolism when 
predicting testosterone levels. However, these methods 
have certain limitations. BMI, for instance, only provides 
information about overall obesity and does not differentiate 
between subcutaneous fat and visceral fat. It is important to 
note that visceral fat accumulation is more closely associated 
with metabolic disorders than subcutaneous fat. To address 
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Figure 4 ROC curves for different obesity markers to predict 
testosterone deficiency. AUC, area under the curve; TyG, 
triglyceride and glucose index; BMI, body mass index; TyG-BMI, 
triglyceride-glucose-body mass index; HOMA-IR, Homeostatic 
Model Assessment for Insulin Resistance; CMI, cardiometabolic 
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Table 3 Comparison of ROC curves for different obesity markers 
to predict testosterone deficiency

Markers Cutoff (sensitivity, specificity) AUC (95% CI)

CMI 1.31 (0.64, 0.64) 0.68 (0.65, 0.71)

TyG index 8.46 (0.64, 0.62) 0.67 (0.65, 0.70)

TyG-BMI index 223.26 (0.70, 0.71) 0.76 (0.73, 0.78)

HOMA-IR index 1.77 (0.58, 0.72) 0.69 (0.66, 0.72)

BMI 25.15 (0.60, 0.77) 0.74 (0.71, 0.76)

Z-test was used to compare statistically significant differences 
between AUCs. ROC, receiver operating characteristic CMI, 
cardiometabolic index; TyG, triglyceride and glucose index; BMI, 
body mass index; TyG-BMI, triglyceride-glucose-body mass 
index; HOMA-IR, Homeostatic Model Assessment for Insulin 
Resistance; AUC, area under the curve; CI, confidence interval.
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this limitation, we utilized WHtR as an improved index in 
our prediction model. WHtR provides a better reflection of 
abnormal fat metabolism within the body. Furthermore, we 
developed the CMI formula by incorporating WHtR along 
with measures of TG and HDL-C (9). This comprehensive 
approach allows us to obtain a more holistic understanding 
of obesity levels and overall lipid metabolism (31). 
Compared to traditional prediction models, our optimized 
model provides enhanced accuracy and reliability in 
estimating testosterone levels by considering the interplay 
between body fat distribution and lipid metabolism.

The mechanisms underlying the relationship between 
CMI and decreased testosterone levels in men remain 
unclear. However, there are potential mechanisms that 
could help explain this association. Firstly, CMI serves as 
an indicator of abdominal obesity, and obesity itself can 
directly impact testosterone levels. Increased obesity leads 
to elevated levels of leptin, a hormone that stimulates the 
release of LH through hypothalamic GnRH neurons. 
However, the hypothalamus may develop resistance to the 
effects of leptin, resulting in reduced feedback stimulation 
of testosterone production (32,33). Additionally, adipocytes, 
which are abundant in obese individuals, have high 
expression of aromatase and can produce inflammatory 
cytokines. Aromatase converts testosterone into estradiol, 
thereby decreasing circulating androgen levels. Moreover, 
elevated estrogen levels and inflammatory factors secreted 
by adipocytes activate a negative feedback mechanism 
on the hypothalamus-pituitary (HP) axis, inhibiting 
gonadotropin-releasing hormone (GnRH) and subsequent 
LH release, leading to decreased testosterone levels (3). 
Furthermore, studies have indicated that testosterone 
plays a role in improving glucose and lipid metabolism 
and preventing obesity-related diseases by maintaining 
mitochondrial function and enhancing the functionality 
of vascular endothelial cells (34). Importantly, recent 
research has suggested that testosterone levels can influence 
metabolic diseases induced by intestinal flora (35,36).

Our research revealed a negative correlation between 
CMI and male testosterone levels. Furthermore, we found 
that CMI outperformed the TyG index in predicting 
the occurrence of testosterone deficiency in adult males 
in the United States. While the AUROC area for CMI 
may be slightly lower than that of TyG-BMI, BMI, and 
the HOMA-IR index, CMI incorporates the influence of 
cardiovascular factors, thus offering further optimization 
compared to traditional prediction models.

The relationship between male CMI and testosterone 

has been relatively understudied, despite its significant 
clinical value. Understanding this relationship has critical 
implications for infertility, erectile dysfunction, and 
secondary hypogonadism associated with obesity. CMI 
serves as an important indicator for testosterone screening 
and comprehensive evaluation, especially in the assessment 
of interventions aimed at promoting testosterone health. By 
utilizing the CMI range of patients, a comprehensive health 
management plan can be formulated, focusing on improving 
abdominal obesity and regulating lipid levels. 

However, it is important to acknowledge the limitations 
of this study. Firstly, it was a cross-sectional study, which 
restricts our ability to establish a causal relationship between 
CMI and testosterone. Secondly, the assessment of other 
visceral indexes was conducted at different time points, 
which may have influenced the study’s outcomes. Moreover, 
our findings indicate lower levels of testosterone, but higher 
BMI, TC, fasting blood glucose, and fasting insulin among 
participants, suggesting complex interactions between CMI 
and metabolic parameters. Therefore, further exploration 
of the causal relationship between CMI and testosterone 
is warranted through prospective studies involving larger 
sample populations across multiple centers.

Conclusions

Our study demonstrated that elevated CMI level was 
associated with decreased testosterone, with TyG-BMI 
emerging as the strongest predictor of testosterone 
deficiency. Further large-scale prospective studies are 
required to validate these findings and explore the predictive 
value of CMI and TyG-BMI across diverse populations. 
Future research directions should focus on elucidating 
the underlying mechanisms linking CMI, TyG-BMI, and 
testosterone levels, as well as assessing interventions targeting 
these metabolic parameters to improve testosterone health 
and mitigate associated health risks.
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