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Abstract

Objective: to investigate the correlation between cardiometabolic index (CMI) and lumbar spine bone mineral density (LSBMD) in U.S. adults.

Methods: the study selected eligible participants from the National Health and Nutrition Examination Survey (NHANES) database from 2011
to 2018. After adjusting for age, gender, race/ethnicity, body mass index (BMI), liver function markers, kidney function markers, blood routine
indicators, metabolic markers, and chronic disease status, a logistic regression model combined with a restricted cubic spline model, smooth
curve fitting, and threshold effect analysis was used to examine the association between CMI and LSBMD. Subgroup analysis was performed to
verify the robustness of the results.

Results: among the 3,885 participants, for each unit increase in CMI, LSBMD decreased by 0.011 g/cm2. Additionally, a turning point was
identified at CMI = 0.797. When CMI was below 0.797, LSBMD decreased as CMI increased, showing a strong negative correlation (8 = -0.077,

Keywords: 95 % Cl: -0.097 1o -0.058, p < 0.001). However, beyond this threshold, the relationship between CMI and LSBMD was no longer significant.
Subgroup analysis revealed that the negative correlation between CMI and BMD was consistent across most subgroups (such as gender, BMI,

Cardiometabolic index hypertension, and high cholesterol), but instability was observed in subgroups such as individuals aged 51-59, Mexican Americans, non-Hispanic

(CMI). Lumbar spine bone glacys and those with diabetes.

mineral density (LSBMD).

Large sample cross- Conclusion: there exists a non-linear inverse correlation with CMI and LSBMD, showing that CMI could be a potential contributing factor for

sectional study. NHANES. decreased bone mineral density, with a more pronounced effect within a specific range.
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Resumen

Obijetivo: investigar la correlacion entre el indice cardiometabdlico (CMI) y la densidad mineral 6sea de la columna lumbar (LSBMD) en adultos
estadounidenses.

Métodos: el estudio selecciond participantes elegibles de la base de datos de la Encuesta Nacional del Examen de Salud y Nutricion (NHANES)
de 2011 a 2018. Después de ajustar por edad, sexo, raza/etnia, indice de masa corporal (IMC), marcadores de funcion hepética, marcadores
de funcion renal, indicadores de rutina sanguinea, marcadores metabdlicos y estado de enfermedad cronica se utilizé un modelo de regresion
logistica combinado con un modelo de spline cabico restringido, ajuste de curva suave y andlisis de efecto umbral para examinar la asociacion
entre el IMC y la LSBMD. Se realizaron analisis de subgrupos para verificar la solidez de los resultados.

Resultados: entre los 3885 participantes, por cada unidad de aumento del IMC, la LSBMD disminuyd 0,011 g/cm2. Ademas, se identificd un
punto de inflexién en el IMC = 0,797. Cuando el CMI era inferior a 0,797, la LSBMD disminuia a medida que aumentaba el CMI, mostrando una
fuerte correlacion negativa (B = -0,077; IC del 95 %: -0,097 a -0,058; p < 0,001). Sin embargo, por encima de este umbral, la relacién entre
el IMC y la LSBMD dejo de ser significativa. El analisis por subgrupos revel6 que la correlacion negativa entre el IMC y la DMO era constante
en la mayoria de los subgrupos (como el sexo, el IMC, la hipertension y el colesterol alto), pero se observd inestabilidad en subgrupos como 10s
individuos de entre 51 y 59 afios, los estadounidenses de origen mexicano, 10s negros no hispanos y los diabéticos.

Conclusiones: existe una correlacion inversa no lineal entre el CMl'y la LSBMD, o que demuestra que el CMI podria ser un factor potencial que
contribuya a la disminucion de la densidad mineral 6sea, con un efecto mas pronunciado dentro de un rango especifico.

INTRODUCTION

The cardiometabolic index (CMI) is a newly developed indicator
of visceral fat, derived from the ratio of triglycerides to high-den-
sity lipoprotein cholesterol (TG/HDL-C) and the waist-to-height
ratio (WHIR). It comprehensively reflects an individual’s level of
visceral fat and cardiometabolic risk. CMI has shown significant
advantages in identifying atherosclerosis, diabetes, stroke, re-
nal dysfunction, and metabolic diseases. Due to its simplicity
and strong correlation with various cardiovascular risk factors,
CMI has recently become an important tool in research on car-
diometabolic health. Lumbar spine bone mineral density (LSB-
MD) serves as a crucial marker for evaluating bone health, where
reduced density is often linked to a higher risk of osteoporosis
and fractures. Previous research on visceral fat and cardiovas-
cular diseases has consistently focused on imaging studies. Ra-
diomics techniques have achieved notable results in predicting
visceral fat texture and its association with heart failure (1), atrial
fibrillation (2), and coronary artery calcified plaques (3). However,
no reports have explored the relationship between CMI and bone
health. Therefore, this study aims to analyze the correlation be-
tween CMI and BMD through a large-scale cross-sectional study
based on the U.S. National Health and Nutrition Examination Sur-
vey (NHANES) database. Thus, this study seeks to examine the
correlation between CMI and BMD using data from a large-scale
cross-sectional analysis based on the U.S. National Health and
Nutrition Examination Survey (NHANES) database. The goal is to
provide new insights into how visceral fat affects bone health and
offer scientific evidence for the comprehensive management of
cardiometabolic risk factors.

MATERIALS AND METHODS

RESEARCH OBJECTS

All data were from the National Health and Nutrition Ex-
amination Survey (NHANES, https://wwwn.cdc.gov/nchs/

nhanes/Default.aspx). This study analyzed data from 2011 to
2018, initially including 39,156 participants. Exclusion cri-
teria included individuals younger than 18 years and those
missing data on lumbar spine BMD, height, waist circum-
ference, triglycerides, high-density lipoprotein cholesterol or
weights of subsamples (WTSAF2YR) data. Ultimately, 3885
eligible participants were included. The screening process is
shown in figure 1.

Participants from
NHANES 2011-2018
(n=39156)

Exclusion:
Absence of lumbar BMD
(n=20384);

Age < 18 years (n=10804);
HDL-C (n = 1471);
Triglycerides (n = 1394)
Wais circumference (n = 639)
Height (n = 425)

|

Excluding missing
subsample wights
(n=154)

A 4

v

Parcipants eventually
included (n = 3885)

Figure 1.
Study flowchart.

CLINICAL AND LABORATORY DATA
Demographic information, anthropometric measurements,

laboratory test results, and self-reported questionnaire data were
collected. These included race/ethnicity, age, sex, body mass

[Nutr Hosp 2025;42(2):341-348]
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index (BMI), liver function-related indicators (aspartate amino-
transferase, alkaline phosphatase, alanine aminotransferase,
gamma-glutamyl transferase, total protein, total cholesterol,
total bilirubin,), complete blood count parameters (hemoglobin,
serum calcium, serum phosphorus), metabolism-related indica-
tors (250HD2 + 250HD3, serum glucose), lumbar spine bone
mineral density, aloumin-creatinine ratio, and chronic diseases
(hypertension, diabetes).

CMI AND BONE MASS ASSESSMENT

The CMI was calculated using the following formula: (TG
mmol/L / HDL-C mmol/L) / (waist circumference cm / height
cm). DXA scans were performed by a certified radiographer us-
ing a Hologic QDR-4500A fan-beam bone densitometer (Hologic,
Bedford, Massachusetts, USA), and Lumbar spine BMD (LSBMD)
was analyzed and evaluated by a Hologic Discovery A bone den-
sitometer (Hologic, Inc., Bedford, Massachusetts, USA) and its
Apex version 3.2 software.

STATISTICAL ANALYSIS

Using R version 4.3.3 and EmpowerStats RCH software for
organization and analysis, metric data conforming to normal
distribution will be represented by mean + standard deviation
(X+ s). To ensure representativeness and accuracy, all estimates
were adjusted for sample weights according to NCHS analytical
guidelines. Participants” CMI values were divided into quartiles,
followed by one-way analysis of variance (ANOVA) and chi-
square tests. Weighted multivariate linear regression was used
to explore the linear association between CMI and LSBMD, with
three different models: Model 1 as the baseline without any vari-
able adjustments; Model 2 adjusted for sex, age, BMI, and race/
ethnicity; and Model 3 adjusted for multiple factors, including
age, sex, BMI, race/ethnicity, 250HD2 + 250HD3, albumin-cre-
atinine ratio, aspartate aminotransferase, alkaline phosphatase,
alanine aminotransferase, total cholesterol, gamma-glutamyl
transferase, serum glucose, serum calcium, serum phosphorus,
total bilirubin, total protein, hemoglobin, diabetes, and hyperten-
sion. Stability of results was assessed using subgroup analyses.
The restricted cubic spline method was used to explore non-lin-
ear relationships between CMI and LSBMD. Finally, the nonlinear
relationship between the two was further assessed using the
smoothed curve fitting technique and threshold effect assess-
ment, respectively.

RESULTS

The final analysis included 3885 participants from 18 to
59 years of age with a mean age of 37.97 = 12.34 years.
Among them, 2,008 were male (51.7 %) and 1,877 were fe-
male (48.3 %). The CMI (cardiometabolic index) was divided into
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quartiles, ranging from 0.027 to 14.90. As can be seen in table |,
there were significant differences in the distribution of sex, age,
BMI, race, alanine aminotransferase, aspartate aminotransfer-
ase, alkaline phosphatase, 250HD2+250HD3, total cholesterol,
glutamine transferase, serum glucose, serum phosphorus, total
bilirubin, hemoglobin, diabetes mellitus, and hypertension among
the quartiles (p < 0.05). Participants in the highest quartile of
CMI were more likely to be older males with higher BMI com-
pared to those in the lowest quartile. Additionally, the proportion
of non-Hispanic whites and Mexican Americans was greater, and
they exhibited higher levels of ALT, AST, ALP, total cholesterol,
GGT, and serum glucose.

Three models of linear regression were used to examine the
association between CMI and LSBMD, with results presented in
table II. Findings from all three models showed a negative and sig-
nificant correlation between CMI and LSBMD (p < 0.05). After ad-
justing for relevant covariates, LSBMD decreased by 0.011 g/cm?
for each unit increase in CMI, although the statistical significance
was slightly lower compared to Model 1 and Model 2. When CMI
was grouped by quartiles, the negative correlation remained sig-
nificant (p < 0.001). Moreover, compared to the lowest quartile
(Q1), higher CMI quartiles (Q2, Q3, Q4) were all significantly as-
sociated with lower LSBMD.

Participants were divided into subgroups based on gender,
age, BMI, race, diabetes, hypertension, and total cholesterol.
After adjusting for individual factors, the B coefficient for the as-
sociation between CMI and LSBMD remained consistently nega-
tive across all subgroups (all B < 0), though some subgroups—
such as those aged 51-59, Mexican Americans, non-Hispanic
Blacks, and individuals with diabetes—exhibited variability in the
strength of this negative correlation. Furthermore, gender and
age were strongly associated with CMI (p = 0.006 and p < 0.00),
but the interaction of BMI, race, diabetes, hypertension, and high
cholesterol with CMI was not significant (p > 0.05), as illustrated
in figure 2.

After performing the restricted spline regression (RCS) test and
fitting it with @ smoothed curve, figures 3 and 4 demonstrate a
significant the non-linear association and saturation effect be-
tween CMI and LSBMD (p < 0.001). The results of the two-seg-
ment linear regression analysis indicate a notable non-linear
characteristic in the association between CMI and LSBMD. In
Model 1, CMI shows a negative correlation with LSBMD, while in
Model 2, after CMI exceeds the threshold of 0.797, the regres-
sion coefficient increases, and the relationship between CMI and
LLSBMD is no longer significant (Table IIl).

DISCUSSION

As a composite index incorporating lipid profiles and anthropo-
metric measurements, the CMI is closely associated with metabolic
disorders related to obesity. Compared to other traditional anthropo-
metric methods, CMI has demonstrated a superior ability to predict
hyperuricemia in general populations (4), asthma (5), cardiovascu-
lar diseases (6), and non-alcoholic fatty liver disease (NAFLD) (7).
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Table I. Weighted characteristics of the study population according to CMI quartiles

Q1 (0.027-0.258) | Q2 (0.028 0.448) | Q3 (0.449-0.838) Q4 (0.839-14.908) P

Age 3490+12.24 37.62+12.75 39.15+12.08 41.77 +10.94 < 0.0001
Gender < 0.0001

Male 41.94 48.3 53.3 67.8

Female 58.06 51.7 46.7 32.2
BMI 2410 +4.50 27.76 + 5.87 30.09 +6.22 32.86 +7.02 < 0.0001
Racist < 0.0001

Mexican American 7.46 9.91 13.56 13.03

Non-Hispanic White 62.00 68.38 60.33 71.22

Non-Hispanic Black 18.74 13.51 13.09 6.4

Other races 11.80 8.21 13.02 9.34
LSBMD 1.06 +0.15 1.03+0.15 1.02+0.14 1.01 +0.14 < 0.0001
Albumin-creatinine ratio 18.08 + 122.71 15.35 + 116.40 29.83 + 344.65 26.59 + 154.52 0.1435
Alanine Aminotransferase 2017 £17.27 23.41 +18.81 26.49 +17.88 32.58 +20.94 < 0.0001
Aspartate Aminotransferase 23.53 £16.02 24172374 24.27 +14.57 26.80 +21.39 0.0129
Alkaline phosphatase 62.64 + 22.31 66.37 + 21.33 70.21+19.84 72.67 +24.45 < 0.0001
Serum calcium 9.34+0.33 9.33+0.34 9.31+0.33 9.33+0.33 0.4098
Vitamin D 69.02 + 27.02 67.42 +26.13 64.39 + 24.92 63.64 + 23.60 0.0093
Total cholesterol 176.00 + 33.59 182.35 + 35.95 194.38 + 37.17 205.33 + 43.26 < 0.0001
Gamma-glutamyl tansferase 21.29 +32.43 22.48 + 28.26 28.16 = 30.15 37.40 + 35,94 <0.0001
Serum glucose 89.96 + 14.63 92.54 +15.02 96.93 + 21.64 109.17 + 41.56 < 0.0001
Serum phosphate 3.70+0.53 3.64+0.53 3.63+0.54 357 +0.54 0.0004
Total bilirubin 0.66 +0.33 0.64 +0.30 0.65+0.35 0.61+0.28 0.0468
Total protein 714042 714042 715+042 7.15+042 0.9900
Hemoglobin 13.99 +1.37 14.32 £1.41 14.48 +1.36 14.87 +1.42 < 0.0001
Diabetes < 0.0001

Yes 2.32 219 4.36 11.83

No 97.68 97.81 95.14 88.17
High blood pressure < 0.0001

Yes 13.04 20.12 23.43 32.01

No 86.96 79.88 76.57 67.99

Table Il. Linear regression analysis between CMI and LSBMD

Model 1 g (95 % CI)

Model 2 g (95 % CI)

Model 3 B (95 % CI)

p-value p-value p-value

OMI (continuous) -0.018 (-0.022 t0 -0.014) -0.024 (-0.029 t0 -0.020) -0.011 (-0.018 to -0.004)
<0.001 <0.001 0.002

CMI (quartile)

Q1 Reference Reference Reference

@ -0.012 (-0.018 t0 -0.007) -0.011 (-0.015 10 -0.008) -0.010 (-0.017 to -0.002)
<0.001 <0.001 0.017

3 -0.012 (-0.019 to -0.006) -0.013 (-0.022 to -0.004) -0.009 (-0.016 to -0.001)
<0.001 <0.001 0.023

0 -0.016 (-0.022 t0 -0.010) -0.019 (-0.022 t0 -0.016) -0.012 (-30.020 to -0.005)
<0.001 <0.001 0.0020

[Nutr Hosp 2025;42(2):341-348]
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Variables

Gender
Male
Female
Age
18-30
31-40
41-50
51-59
BMI
<25
25-30
=30
Racist
Mexican American
Non-Hispanic White
Non-Hispanic Black
Other
Diabetes
Yes
No
Hypertensive
Yes
No
Total cholesterol
<2200 mg/dl
200-240 mg/dl
>240 mg/dl

n (%)

2008 (51.69)
1877 (48.31)

1261 (32.46)
913 (23.50)
910 (23.42)
801 (20.62)

1302 (33.53)
1201 (30.93)
1380 (35.54)

562 (16.16)
1338 (38.48)
835 (24.01)
742(21.34)

274 (7.20)
3533 (92.80)

901 (23.23)
2978 (76.77)

2488 (64.31)
960 (24.81)
421 (10.88)

B (95%CT)

-0.05 (-0.06 - -0.03)
-0.02 (-0.03 ~ -0.01)

-0.03 (:0.04 - -0.01)
-0.05 (-0.07 ~ -0.03)
-0.05 (:0.07 - -0.03)
0.01 (-0.01 - 0.03)

-0.04 (-0.06 - -0.02)
-0.05 (-0.06 - -0.03)
-0.04 (-0.06 ~ -0.02)

-0.00 (-0.02 - 0.02)
-0.03 (-0.04 ~ -0.01)
-0.02(-0.04 - 0.01)
-0.03 (-0.05 - -0.01)

-0.04(-0.09 - 0.01)
-0.03 (-0.04 - -0.02)

-0.03 (:0.05 - -0.01)
-0.03 (-0.05 ~ -0.02)

-0.03 (:0.04 - -0.02)
-0.02 (-0.04 ~ -0.01)
-0.04 (:0.07 ~ -0.01)

P

<0.001
0.003

<0.001
<0.001
<0.001

0323

<0.001
<0.001
<0.001

0.847
<0.001
0.137
<0.001

0.112
<0.001

0.004
<0.001

<0.001
0.031
0.013

P for
interaction
0.006
—e—
—o—
<0.001
—o—i
—e—i
—e—i
[
0.652
—e—
—e—i
—e—
0.197
—e—
—o—i
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—e—
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Figure 2.

Subgroup analysis of the associations between CMI
and LSBMD.

Figure 3.
The RCS curve diagram of CMI and LSBMD. A. Unad-

justed variables. B. Adjusted for sex, age, race/ethni-
city, BMI. C. Adjustment of all variables.
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Association of CMI with LSBMD. A. Scatterplot, each black dot represents a sample. B. Smoothed plot of the fit, the red line represents the fitted curve between the variables

and the blue line indicates the 95 % confidence interval.

Table lll. Two-stage linear regression analysis of the association between CMI and LSBMD

LSBMD B (95 % CI) p-value
Model 1
one-line effect -0.010 (-0.015 to -0.004) 0.0005
Model 2
Inflection point (K) 0.797
< Kpoint effect 1 -0.077 (-0.097 to -0.058) < 0.0001
> K point effect 2 0.006 (-0.001 t0 0.012) 0.113
Effect 2 minus effect 1 0.083 (0.060 to 0.106) <0.0001
Predicted value of the equation at the folding point 1.007 (0.998 t0 1.015)
Log-likelihood ratio test < 0.0001

Currently, there is inconsistency in the literature regarding the
impact of CMI on BMD. One study found a positive correlation
between CMI and BMD in the femur and intertrochanteric region
(8), while another study reported a negative correlation between
CMI and lumbar BMD (9). These findings suggest that the effects
of CMI may vary across different skeletal sites. Therefore, this
study aims to further investigate the relationship between CMI
and lumbar BMD to clarify influencing factors and provide a more
reliable theoretical basis. The current study analyzed the rela-
tionship between CMI and LSBMD in Americans aged 18-59 and
found a significant negative correlation. The distribution of CMI
varied significantly across quartiles, especially in terms of gen-
der, age, BMI, race, and several biochemical indicators (such as
alanine aminotransferase and total cholesterol). Individuals in the
higher quartiles of CMI were at greater likelihood of being older,

having a higher body mass index, and belonging to non-Hispanic
white or Mexican American populations. These groups also ex-
hibited generally higher biochemical markers, suggesting that
changes in CMI may be driven by a variety of factors, such as
liver and kidney function. In particular, unfavorable metabolic
changes in participants with high CMI may be linked to reduced
bone mineral density.

The underlying mechanism of the adverse effect of CMI on
LLSBMD is not known. Reduced levels of high-density lipopro-
tein cholesterol (HDL-C) and elevated levels of triglycerides are
often associated with lipid metabolism disorders. Additionally,
Low HDL-C levels can inhibit osteoblast differentiation by altering
specific bone-related chemokines and signaling pathways (10).
Additionally, low HDL-C is relevant to the formation of an inflam-
matory microenvironment, which promotes adipocyte differenti-

[Nutr Hosp 2025;42(2):341-348]
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ation. The accumulation of fatty acids and oxidative byproducts
exacerbates oxidative stress and inflammatory responses, fur-
ther affecting the bone remodeling process. These metabolic dis-
turbances can suppress osteoblast activity, reduce bone matrix
formation, and enhance osteoclast activity, leading to bone loss
and a consequent decrease in bone mineral density. On the other
hand, the Waist-to-Height Ratio (WHtR) is one of the key indica-
tors of central obesity. A higher WHtR suggests an increased risk
of abnormal fat distribution. Some studies (11) have proposed
that fat may have a beneficial effect on bone metabolism, with in-
dividuals exhibiting higher levels of abdominal fat showing great-
er bone density. However, other studies present opposing view-
points. In obese patients, bone formation markers are relatively
lower compared to bone resorption markers (12), and elevated
serum parathyroid hormone levels can exert catabolic effects on
cortical bone (13). Additionally, reduced testosterone levels in
obese men and abnormal estrogen levels in obese women nega-
tively impact bone metabolism (14,15). This is primarily because
the decrease in sex steroids reduces the promotion of osteoclast
apoptosis and increases the sensitivity of bone to mechanical
loading (16). This study found that, after model adjustments, the
impact of the CMI on LSBMD was somewhat attenuated. This
may be due to the introduction of additional confounding vari-
ables. Previous research has shown that factors such as age
(17), sex (18), BMI (19), liver function indicators (20), and kidney
function indicators (21) significantly influence LSBMD. After con-
trolling for these confounding factors, the independent effect of
CMI on LSBMD may be weakened or partially masked. The inter-
actions among multiple metabolic factors could also contribute to
the observed reduction in the negative correlation.

This study found a significant threshold effect of CMI on
LSBMD. When CMI is below the threshold of 0.797, LSB-
MD decreased significantly with increasing CMI (8 = -0.077,
p < 0.0001). However, when CMI exceeds this threshold, the
negative correlation weakens or even levels off (3 = 0.006,
p = 0.113). The confirmation of this threshold was based on
the optimal fitting model from regression analysis, aimed at
identifying the critical point of CMI’s influence on LSBMD. Fur-
ther analyses showed the presence of a biological mechanism
or compensatory effect that diminishes the impact of CMI on
LLSBMD at higher levels, leading to a “saturation” phenomenon.
Previous studies have demonstrated an interaction between lipid
metabolism disorders and bone metabolism. In individuals with
high CMI, although abnormalities in lipid metabolism and the in-
fluence of hormones and cytokines secreted by adipose tissue,
such as leptin (22), promote increased bone resorption, leading
to bone loss (23), lipids may regulate bone formation or inhibit
bone resorption through fatty acid metabolism. This process po-
tentially buffers further declines in LSBMD. High CMI is typically
associated with insulin resistance, which affects bone metabo-
lism, though its impact is dual in nature (24). Under moderate
insulin resistance, elevated insulin levels promote bone forma-
tion, as insulin acts as a stimulatory factor for bone formation. It
can directly influence osteoblasts, enhancing bone formation and
mineral deposition. Therefore, when CMI is higher, the increase

[Nutr Hosp 2025;42(2):341-348]

in insulin resistance may partially offset its negative impact on
bone density, creating a compensatory effect. High CMI may
affect the amount of fat in the bone marrow. The relationship
between bone marrow fat and bone metabolism is complex, and
under conditions of high CMI, bone marrow fat may increase.
Tencerova’s study (25) confirmed that adults with morbid obe-
sity have higher total bone marrow adipose tissue in the lumbar
spine and femoral metaphysis. However, a regulatory mechanism
may exist in the body that limits the excessive suppression of
bone formation by bone marrow fat within a certain range. Some
scholars currently suggest that netrin-2 secreted by bone mar-
row macrophages can trigger bone marrow fat lipolysis (26), and
bone marrow adipose tissue contribute to systemic glucose and
fatty acid clearance (27). Therefore, when CMI exceeds a certain
threshold, this regulatory mechanism may be activated to pre-
vent further bone loss. The threshold effect of CMI on LSBMD
involve the combined influence of multiple factors, including me-
tabolism, lipid regulation, and insulin resistance. At higher CMI
levels, a balance or compensatory mechanism may exist among
these factors, stabilizing the negative impact on bone density.

In the subgroup analysis, the negative association of CMI with
LSBMD remained stable, with the exception of the subgroups of
Mexican Americans, non-Hispanic Blacks, individuals aged 51-
59, and those diagnosed with diabetes. This suggests that the
link is in general stable in relation to CMI and LSBMD. However,
these specific subgroups exhibited exceptions, likely due to sig-
nificant differences in their physiological characteristics and met-
abolic states. For Mexican Americans and non-Hispanic Blacks,
differences in insulin sensitivity, fat distribution, and metabolic
function among racial/ethnic groups (28) may affect the relation
with CMI and LSBMD. Bone metabolism is significantly affected
in diabetic patients due to metabolic dysregulation and chronic
inflammation (29). Additionally, the metabolic environment in di-
abetic individuals may weaken the negative correlation between
CMI and LSBMD. For those aged 51-59, significant hormonal
changes occur, and bone density may rapidly decline due to de-
creased estrogen levels. This transitional phase may thus alter
the relationship between CMI and LSBMD.

Despite the fact that this study reduced population heteroge-
neity through a larger sample size and adjusted for confounders
to be sure of the robustness of the findings, and also to be the
first NHANES study to explore the relevance of CMI to BMD, it
remains unable to account for all confounding factors that in-
fluence lumbar spine BMD, nor can it establish a cause-and-ef-
fect relationship among the variables. Therefore, future research
should employ more refined techniques for analyzing bone mi-
crostructure, conduct longitudinal studies, and integrate clinical
data with laboratory indicators to comprehensively evaluate the
dynamic impact of CMI on lumbar spine BMD.

In summary, the current study found a meaningful adverse
correlation on CMI and LSBMD, suggesting that CMI is not only
an independent risk factor for decreased LSBMD but that its im-
pact may vary across different CMI ranges. This highlights the
importance of paying special attention to the potential adverse
effects on bone density when managing cardiometabolic risk.
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