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Abstract

Background Previous findings have revealed that disorders of lipid metabolism may be a risk factor for pulmonary
function damage; however, the combined effect of dyslipidemia and central obesity on pulmonary function is
unclear. The cardiometabolic index (CMI) is a composite of serum lipids (triglyceride (TG)/high-density lipoprotein
cholesterol (HDL-C)) and visceral fat parameters (waist-to-height ratio (WHtR)). This research aimed to investigate
the link between CMI and pulmonary function, employing large-scale demographic data sourced from the National
Health and Nutrition Examination Survey (NHANES) database.

Methods This cross-sectional study used data involving 4125 adults aged 20 and above collected by NHANES
between 2007 and 2012. We defined CMI as the exposure variable and measured outcomes using forced expiratory
volume in one second (FEV1), forced vital capacity (FVC), and FEV1/FVC to evaluate pulmonary function. Weighted
multiple linear regression models and subgroup analyses were employed to investigate separate relationships
between CMI and pulmonary function. In addition, to investigate variations across different strata and evaluate the
robustness of the findings, interaction tests and sensitivity analyses were conducted.

Results Results from the weighted multiple linear regression analysis indicated a unit increase in log2-CMI was
associated with a reduction of 82.63 mLin FEV1 and 112.92 mL in FVC. The negative association remained significant
after transforming log2-CMI by quartile (Q). When the log2-CM!I level reached Q4, B coefficients () were -128.49
(95% Cl:-205.85,-51.13),-169.01 (95% Cl: -266.72, -71.30), respectively. According to the interaction test findings,

the negative association linking log2-CMI with FEV1 and FVC persists regardless of confounding factors including
age, gender, BMI, physical activity (PA), and smoking status. A subsequent sensitivity analysis provided additional
confirmation of the stability and reliability of the results. For females, the inflection points for the nonlinear

*Correspondence:
Yong-Feng Zheng
zyf730@126.com
Yu-Lin Li
1043025158@qg.com

Full list of author information is available at the end of the article

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation
or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12944-024-02235-5&domain=pdf&date_stamp=2024-8-10

Mo et al. Lipids in Health and Disease (2024) 23:246

Page 2 of 10

relationships between log2-CMI and FEV1, as well as log2-CMI and FVC, were identified at 2.33 and 2.11, respectively.
While in males, a consistent negative association was observed.

Conclusions Our findings suggest that higher CMl is associated with lower FEV1 and FVC. CMI may serve as a
complementary consideration to the assessment and management of pulmonary function in clinical practice.

Keywords Cardiometabolic index, Pulmonary function, Dyslipidemia, NHANES, Population-based study

Introduction

The function of the lungs to ventilate and replace air pro-
vides important support for life activities. Spirometry is
a widely utilized method for evaluating pulmonary func-
tion, with key indicators including forced expiratory vol-
ume in one second (FEV1), forced vital capacity (FVC),
FEV1/FVC [1]. Pulmonary function assessment is cru-
cial for diagnosing and managing respiratory diseases [2,
3], major health issues globally that contribute to more
than 4 million deaths each year [4]. Additionally, pulmo-
nary function has also been proven to be a reference for
assessing the risk of cardiovascular system diseases [5-9].

Proposed by Wakabayashi & Daimon in 2015, the car-
diometabolic index (CMI) multiplies the Waist-to-Height
Ratio (WHtR) by the ratio of triglyceride (TG) to high-
density lipoprotein cholesterol (HDL-C) to assess the
combined effects of body fat distribution and serum lipid
levels [10]. Previous studies have revealed associations
between CMI and various health conditions, includ-
ing diabetes, cardiovascular disease, kidney disease,
and metabolic disorders, among others [11-15]. Mean-
while, several studies have further explored the potential
threshold points of CMI in predicting the risk of certain
diseases. Wakabayashi et al. [10] identified that there may
be a risk of developing diabetes when the CMI exceeds
0.800 in females or 1.748 in males. CMI of roughly 0.35
might serve as a potential cutoff point for the risk of non-
alcoholic fatty liver disease [16]. For hyperuricemia, the
optimal threshold point of CMI was 0.485 [15].

Recently, growing attention has been focused on the
connection between lipid metabolism and pulmonary
function. Research indicates that spirometry, measured
by tests including FEV1 and FVC along with their per-
centage predictions, is notably decreased in patients
with metabolic syndrome (MetS) versus those without it
[17]. Elevated C-reactive protein (CRP) concentrations
due to increased visceral adiposity and inflammation
triggered by low HDL-C levels may be potential mecha-
nisms for impaired pulmonary function [18-21]. Leone
et al. [22] found abdominal obesity to be a crucial fac-
tor in the relationship between MetS and reduced pul-
monary function, and abdominal obesity is positively
associated with obstructive and restrictive ventilation
patterns regardless of body mass index (BMI). Adipose
tissue may be an additional source of systemic inflamma-
tion, and serum CRP, a marker of systemic inflammation,

may mediate the negative association of the abdominal
obesity with restrictive and obstructive ventilation pat-
terns [23, 24]. Additionally, the results of a case-control
study showed that general (BMI>27 kg/m?) and central
obesity (WHtR>0.5) were independent risk factors for
poor asthma control in asthmatics, with adjusted ORs
of 1.49 (95%CI: 1.09,2.03) and 1.62 (95%CIL: 1.22,2.15),
respectively [25]. In a prospective cohort study includ-
ing 426,524 participants of UK Biobank, a negative asso-
ciation was found between HDL-C and the incidence of
lung cancer [26].

However, limited research has thoroughly examined
how dyslipidemia when coinciding with central obe-
sity, impacts pulmonary function. Our study aimed to
investigate CMI’s effects on pulmonary function using
a wide U.S. demographic. It seeks to further reveal the
relationship between lipids and lung health and to fur-
nish essential references that could guide the prevention
and management of respiratory conditions in clinical
practice.

Methods

Study participants

The NHANES database is a survey conducted by the
Centers for Disease Control and Prevention (CDC) every
2 years since 1960 to assess the overall health conditions
of the population in the United States. The research pro-
tocol received official ethical approval [27], and writ-
ten informed consent was obtained from all subjects or
guardians [28]. Additional comprehensive information
regarding the NHANES is available on the official website
[29].

Our research utilized data from 2007 to 2012 of
NHANES. 12,729 participants younger than 20, 1032
participants with a weight of 0, 9696 participants with
missing data on CMI, 2019 participants with missing or
low-quality spirometry data, and 841 participants with
missing data on covariables were excluded. Finally, 4125
participants were involved (Fig. 1).

Study variables

cmi

The CMI, calculated using [TG (mmol/L)/HDL-C
(mmol/L)] * [WHIR (cm)], served as the exposure vari-
able [10]. We used CMI as a continuous variable and a
categorical variable for association analysis to better
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N= 30442
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Fig. 1 Flowchart of the sample selection in this study

understand the relationship between CMI and pulmo-
nary function. To address the right-skewed distribution
of the data on CMI, regression and subgroup analyses
were performed by applying log2 transformations.

Pulmonary function assessment

Three indices obtained from spirometry—FEV1, FVC,
and FEV1/FVC—were designed as outcome variables to
evaluate pulmonary function. The NHANES spirometry
program was based on standards set by the American
Thoracic Society (ATS), and all health technicians under-
went training in spirometry [30]. Spirometry results
were analyzed by the National Institute for Occupational
Safety and Health (NIOSH), which assigned five let-
ter grades (A, B, C, D, and F) to the spirometry results
recorded by each technician. To ensure data quality, our

study used only data with FEV1 and FVC quality grades
A and B, which were considered to meet or exceed the
requirements of the ATS/ERS [31].

Covariables

Covariables were selected with reference to previously
published literature [32-34]. Covariables included are
as follows: age, gender, race, BMI, total cholesterol, edu-
cation level, marital status, the ratio of family income
to poverty (PIR), physical activity (PA), smoking status,
alcohol intake, diabetes and hypertension. In addition,
serum cotinine was also included, which is thought to
reflect environmental tobacco smoke exposure status [35,
36], as well as FeNO, a non-invasive marker of airway
inflammation [37, 38]. Supplementary Table S1 includes
a thorough explanation of the variables and how they are
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categorized. A directed acyclic graph (DAG) was used to
select confounders (Supplementary Figure S1) [39].

Statistical analysis

This investigation was carried out following CDC guide-
lines and took into account the complexity of the mul-
tistage cohort survey design [40]. R software was used
for all analyses [41]. A statistically significant result was
defined as P<0.05. Continuous variables were expressed
as mean and standard deviation (SD), whereas categori-
cal variables were expressed as percentages. To manage
the non-normal distribution observed in the CMI data,
log2 transformations were utilized when performing
association analysis. Generalized variance inflation fac-
tors and Spearman’s correlation analysis were used to
check for collinearity among variables.

We built three weighted multiple linear regression
models to investigate the relationship of CMI with pul-
monary function. There was no covariables adjustment
made to Model 1. Age, gender, and race adjustments
were made to Model 2. Model 3 included adjustments for
age, gender, race, BMI, total cholesterol, serum cotinine,
FeNO, education level, marital status, PIR, PA, smok-
ing status, and alcohol intake. Besides, subgroup analy-
ses and interaction tests were performed for age, gender,
BMI, PA, and smoking status. To explore possible non-
linear association, generalized additive model, smooth
curve fitting, and threshold effect analysis are utilized.
Additionally, sensitivity analysis was performed to con-
firm that the outcomes were reliable, where we excluded
participants with asthma or chronic obstructive pulmo-
nary disease (COPD) or asthma-COPD overlap (ACO).

Results

Participant characteristics

Of the 4125 individuals, 2055 were females (50.45%)
and 2070 were males (49.55%) with a mean age of
44.6710.44 years. Participants were classified by the
quartiles (Q) of the CMI. The average values recorded for
pulmonary function indices among participants included
FEV1 (3260.49+19.11 mL), FVC (4191.17+20.02 mL),
and the FEV1/FVC ratio (0.78%0.00). Participants in
different CMI quartile groups showed a significant dif-
ference in age, FEV1/FVC, serum cotinine, BMI, total
cholesterol, gender, race, education level, PIR, PA, smok-
ing status, and alcohol intake (all P<0.05) (Table 1).
Nemenyi test was used to conducted post-hoc analysis
among different races (Supplementary Figure S2).

Association between CMI and pulmonary function

The generalized variance inflation factors for all vari-
ables are under 5 (Supplementary Table S2), and the |r|
value from the Spearman’s correlation analysis is below
0.7 (Supplementary Figure S3), suggesting there is no
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significant collinearity. In the weighted multiple linear
regression analysis, significant association were found
between CMI and pulmonary function (Table 2). In the
fully adjusted model 3, the log2-CMI and FEV1 showed a
negative association (f= -82.63, 95%CI: -120.56, -44.70).
This negative association persisted even after the log2-
CMI was converted into quartiles, and the 3 value of Q4
compared to Q1 was -128.49 (95% CIL: -205.85, -51.13),
with the effect value gradually increasing as the level of
log2-CMI increased (Pfor trend<0.001). Concurrently,
a consistent negative association was observed between
log2-CMI and FVC, with a B value of -112.92 (95% CI:
-160.73, -65.11) for continuous log2-CMI and -169.01
(95% CI: -266.72, -71.30, Pfor trend<0.001) for cate-
gorical log2-CMI that rose to the Q4 level. However, no
significant association was found between CMI and the
FEV1/FVC (P=0.667). We performed further multivari-
ate regression analyses of the components of CMI with
FEV1 and FVC to identify the major contributors and the
result showed that WHtR had the greatest effect on FEV1
and FVC (Supplementary Table S3).

Moreover, generalized additive model, smooth curve
fitting, and threshold effect analysis were utilized to
explore more about how CMI affects pulmonary func-
tion. The results indicated a consistent negative associa-
tion between the two (Fig. 2A and B). Gender-stratified
results showed a possible U-shaped association between
CMI and pulmonary function in female participants
(Fig. 2D and E). Based on the threshold effect analysis,
results suggested that at log2-CMI<2.33, CMI was nega-
tively correlated with FEV1 in females (= -93.34, 95%CI:
-139.59, -47.10), however, the positive association was
not significant after the inflection point, we found the
same trend in the association between CMI and FVC
in females, with a log2-CMI inflection point value of
2.11 (Table 3). In males, a constant negative association
between CMI and pulmonary function was maintained.

Subgroup analysis

To further explore the potential factors influencing the
association between CMI and FEV1 as well as CMI and
FVC, subgroup analyses and interaction tests by age, gen-
der, BMI, PA, and smoking status were performed (Sup-
plementary Table S4). The negative association was not
dependent on age, gender, BMI, PA, smoking status (all
Pfor interaction>0.05).

Sensitivity analysis

When 766 participants with asthma or COPD or ACO
were excluded from the sensitivity analyses, the negative
association between CMI and FEV1 as well as CMI and
FVC remained unaffected (Supplementary Table S5). In
model 3, log2-CMI maintains a negative association with
FEV1, FVC (p=-87.17, 95%Cl: -127.57, -46.78; =-103.6,
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Table 1 Weighted baseline characteristics of participants (NHANES 2007-2012)

Total cMiQ1 CMI Q2 CcMIQ3 CMI Q4 P-value

(0.09-67.69) (0.09-0.71) (0.71-1.22) (1.22-2.12) (2.12-67.69)
Age (year) 44.67£044 41.75+£0.72 43.65+0.71 46.48+0.65 47.17+0.65 <0.001
FEV1 (mL) 326049+19.11 3261.99+45.26 331651+37.39 3238.23+30.75 3219.85+36.18 0.301
FVC (mL) 4191.17+£20.02 4147.80+£50.31 4262.52+40.11 4189.88+39.23 4161.24+4535 0.26
FEV1/FVC 0.78+0.00 0.7940.00 0.78+0.00 0.77+0.00 0.77+0.00 0.008
Serum cotinine (ng/mL) 55.30+3.80 38.79+£4.09 54.97+6.27 62.64+£6.66 66.30+£4.55 <0.001
FeNO (ppb) 16.57+0.36 1594+061 1643+0.68 16.94+£0.52 17.03+£047 0.387
BMI (kg/mz) 2855+0.16 24.38+0.22 27.76+0.22 29.78+0.20 32.75+£0.22 <0.001
Total cholesterol (mg/dL) 195.10+£0.87 186.51+1.46 193.23+1.38 196.18+1.33 205.63+1.81 <0.001
PIR 3.15+0.06 331+0.07 3.23+0.09 3.04+0.07 2.98+0.08 0.005
Gender (%) <0.001
Female 2055(50.45) 668(65.50) 518(51.41) 461(44.02) 408(39.42)
Male 2070(49.55) 365(34.50) 512(48.59) 570(55.98) 623(60.58)
Race (%) <0.001
Mexican American 630(7.24) 95(4.61) 39(641) 71(7.99) 225(10.31)
Non-Hispanic Black 744(9.65) 261(13.52) 219(1083) 168(831) 96(5.43)
Non-Hispanic White 2024(72.68) 508(72.47) 495( 19) 482(70.27) 539(74.89)
Other Hispanic 420(4.80) 81(3.84) 06(4. 69) 121(5.97) 112(4.75)
Other Race 307(5.63) 88(5.56) 71(4.88) 89(7.46) 59(4.62)
Marital status (%) 0.086
Living alone 1569(34.38) 461(37.78) 392(35.31) 375(32.47) 341(31.57)
Married or living with partner 2556(65.62) 572(62.22) 638(64.69) 656(67.53) 690(68.43)
Education level (%) <0.001
<High school 885(14.52) 151(8.82) 210(15.07) 238(16.54) 286(18.14)
>High school 3240(85.48) 882(91.18) 820(84.93) 793(83.46) 745(81.86)
Physical activity (%) <0.001
No 1953(41.34) 400(33.17) 460(38.81) 494(41.53) 599(53.07)
Yes 2172(58.66) 633(66.83) 570(61.19) 537(5847) 432(46.93)
Smoking status (%) <0.001
No 2240(55.47) 651(62.52) 602(56.92) 523(52.31) 464(49.34)
Yes 1885(44.53) 382(37.48) 428(43.08) 508(47.69) 567(50.66)
Alcohol intake (%) <0.001
Never 404(7.79) 1 03(7 87) 08(8.48) 101(7.70) 92(7.01)
Former 666(13.58) 11(8.23) 8( 98) 183(14.46) 224(20.36)
Mild 1442(38.49) 387(40.94) 369(36. 84) 362(39.86) 324(36.15)
Moderate 662(17.53) 18(21.94) 165(18.88) 147(14.82) 132(13.98)
Heavy 951(22.62) 214(21 01) 240(23.81) 238(23.16) 259(22.49)

Note: All values are presented as proportion (%) or mean (standard error)

Significant values are in [bold]

Abbreviations: Q: quartile; FEV1: forced expiratory volume in one second; FVC: forced vital capacity; BMI: body mass Index; PIR: the ratio of family income to poverty

95%CI: -152.42, -54.79). The association between CMI
and FEV1/FVC remained non-significant (P=0.371).

Discussion

Our analysis demonstrates that individuals with higher
CMI levels tend to exhibit a restrictive pattern rather
than an obstructive pattern, consistent with previous
findings of studies exploring the association between
MetS and pulmonary function [20, 42-44]. We found
that for each unit increase in log2-CMI (i.e., doubling of
CMI), FEV1 and FVC decreased by 82.63 mL (95% CI:
-120.56, -44.70) and 112.92 mL (95% CI: -160.73, -65.11),

respectively. In females, the inflection points for the non-
linear associations between CMI and FEV1 as well as
CMI and FVC were 3.95 and 3.30, respectively, while in
males a more constant negative relationship was consis-
tently maintained.

Earlier studies have separately examined the relation-
ship between various lipid indices and pulmonary func-
tion. Lee et al. [45] found that compared to the normal
group, low HDL-C levels decreased FVC and FEV1 by
0.74-2.19% p and 0.86-2.68% p, respectively, and the
association between FEV1/FVC and all the cholesterol
markers was not significant. Another study revealed that
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Table 2 Weighted multiple linear regression models of CMI with pulmonary function

Pulmonary function log,-CMI B? (95% Cl), P-value
Model 1° Model 2¢ Model 3¢

FEV1 (mL)
Continuous -29.55(-93.34,34.24) 0.356 -103.15(-133.96, -72.34) < 0.001 -82.63(-120.56,-44.70) < 0.001
Q1 Reference Reference Reference
Q2 51.61(-58.84,162.07) 0.352 -41.59(-114.50, 31.33) 0.256 -22.99(-93.32,47.34) 0.508
Q3 -26.38(-132.44,79.68) 0.619 -104.74(-176.24, -33.24) 0.005 -69.82(-138.01,-1.63) 0.045
Q4 -43.91(-160.81, 72.99) 0453 -175.02(-239.18,-110.86) < 0.001 -128.49(-205.85,-51.13) 0.002
P for trend 0.264 <0.001 <0.001

FVC(mL)
Continuous -5.05(-80.76,70.67) 0.894 -149.78(-186.87,-112.68) < 0.001 -112.92(-160.73,-65.11) < 0.001
Q1 Reference Reference Reference
Q2 112.21(-17.29,241.72) 0.088 -46.69(-138.08, 44.70) 0.308 -17.12(-105.60, 71.35) 0.694
Q3 39.99(-87.39,167.38) 0.531 -136.42(-228.12,-44.72) 0.005 -82.35(-168.81,4.10) 0.061
Q4 12.04(-125.49,149.57) 0.861 -250.12(-334.58,-165.67) < 0.001 -169.01(-266.72,-71.30) 0.001
P for trend 0.893 <0.001 <0.001

FEV1/FVC
Continuous -0.01(-0.01,0.00) 0.004 0(0.00,0.01) 0.067 0(0.00,0.01) 0.667
Q1 Reference Reference Reference
Q2 -0.01(-0.02, 0.00) 0.150 0(-0.01,0.01) 0.938 0(-0.01,0.01) 0.766
Q3 -0.01(-0.02,-0.01)<0.001 0(-0.01,0.01) 0.827 0(-0.01,0.01) 0.692
Q4 -0.01(-0.02,0.00) 0.010 0.01(0.00,0.01) 0.105 0(-0.01,0.01) 0.785
P for trend 0.003 0.119 0.827

Note: In sensitivity analysis, CMl is converted from a continuous variable to a categorical variable (quartile); B?, effect value; Model 1°: no covariables were adjusted;

Model 2% adjusted for gender, age, and race; Model 3% adjusted for all variables
Significant values are in [bold]

Abbreviation: CMI: cardiometabolic index; 95% Cl: 95% confidence interval; Q: quartile; FEV1: forced expiratory volume in one second; FVC: forced vital capacity

WHtR was shown to correlate with pulmonary health,
and a WHtR greater than or equal to 0.55 was signifi-
cantly associated with lung aging ($=6.393, P<0.001).
In this study, lung age was calculated based on a formula
that included height and FVC. Also, among patients
with MetS, the percentage of restrictive pattern (23.4%)
was significantly higher than that of obstructive pattern
(10.3%) and mixed pattern (7.3%) (p<0.001) [46]. More-
over, there’s also a study that revealed a link between
adiposity changes and pulmonary function deteriora-
tion. The results of a prospective cohort study including
5011 subjects (median follow-up 8 years) found negative
association between the fat mass index and both FVC
and FEV1 across genders, with the waist-to-hip ratio also
showing a similar relationship with these spirometric
parameters in males [47]. Our study builds on these stud-
ies to further investigate the combined effects of central
obesity and abnormalities of lipid metabolism on pulmo-
nary function to explore the potential synergistic effects
of the two on pulmonary function, and identifies gender
differences in the nonlinear relationship between CMI
and pulmonary function in subsequent analyses, provid-
ing new insights into the effects of CMI on pulmonary
function across genders.

The exact mechanisms regarding the association
between CMI and pulmonary function have not been

fully elucidated. Previous studies have illustrated the
potential mechanisms of lipid metabolism for lung
volume. It has been suggested that disorders of lipid
metabolism can increase mechanical restriction and
inflammatory responses in the lungs by altering the
composition and function of surface-active substances,
leading to a decrease in FVC and FEV1 [48]. Adipose
deposits in the chest wall and abdomen have also been
shown to potentially limit total lung capacity and lead to
reduced expiratory reserve capacity by decreasing lung
compliance and altering respiratory patterns [49, 50].
Since it mainly affects the mechanical expansion of the
lungs, it manifests itself as a reduction in lung capacity
rather than airflow obstruction [51]. Besides, it has been
suggested that lung biology is fundamentally dependent
on lipid transport [52]. Lungs of high-density lipopro-
tein-deficient apolipoprotein knockout mice were found
to have varying degrees of abnormalities, including air-
way hyperresponsiveness, reduced alveolar development,
increased oxidative stress, and collagen deposition [53,
54].

At present, the mechanisms regarding the gender dif-
ference in the association between CMI and pulmonary
function have not been elucidated, and we hypothesize
that they may be related to the following factors. Gender
differences in lipid profiles have been commonly explored
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Fig.2 Smoothed curve fitting by generalized additive model between CMI and pulmonary function. Figures A-C: all participants (A) log2-CMI and FEV1,
(B) log2-CMI and FVC, (C) log2-CMI and FEV1/FVC; Figures D-F: females (D) log2-CMI and FEV1, (E) log2-CMI and FVC, (F) log2-CMI and FEV1/FVC; Figures
G-H: males (G) log2-CMI and FEV1, (H) log2-CMI and FVC, (I) log2-CMI and FEV1/FVC.

in the past, and males are thought to have riskier lipid
levels than females [55, 56]. Findings have shown that
males possess higher TG and lower HDL-C than females
[57-59]. Also, several studies have revealed gender dif-
ferences in lipoprotein particle size, which is considered
an important consideration in assessing cardiovascu-
lar disease risk. Elevated levels of small, dense LDL are
strongly associated with the risk of coronary artery dis-
ease [60—62], whereas large HDL appears to be protec-
tive [63, 64]. Findings have shown that males have higher
concentrations of small LDL than females and much
lower concentrations of large HDL [57, 65, 66]. In addi-
tion, gender differences in lipids during the life course
should not be ignored [67]. In early to middle adulthood,

males have higher LDL-C levels and lower HDL-C levels
than females [68].

Strengths and limitations

The present study has the following strengths. First,
our study examined cross-sectional data from a siz-
able, generally representative U.S. population, and all
of our analyses took into account sampling weights to
make our results generalizable and representative on a
national scale; second, we employed weighted multiple
linear regression analysis in conjunction with subgroup
and sensitivity analyses to confirm the consistency and
reliability of the results. However, we should also recog-
nize some limitations. First, the cross-sectional design



Mo et al. Lipids in Health and Disease (2024) 23:246

Page 8 of 10

Table 3 Threshold effect analysis of CMI on pulmonary function using two-piecewise linear regression model

Pulmonary function

Adjusted B? (95% CI)
P-value

Female

Male

FEV1 (mL)
Linear regression model

Segmented regression model
Inflexion point (K?)
log,-CMI <K effect
log,-CMI>K effect

P for log-likelihood ratio

FVC (mL)
Linear regression model
Segmented regression model
Inflexion point (K®)
log,-CMI <K effect

log,-CMI > K effect

P for log-likelihood ratio

-63.39 (-101.42,-25.36)
0.001

233
-93.34 (-139.59,-47.10) <0.001

70.51(-53.32,194.35)
0.265

0.025

-133.47 (-208.29, -58.64) < 0.001

2.1

-370.82 (-518.20, -223.44)
<0.001

67.68 (-63.29, 198.64)
0312

<0.001

-100.36 (-143.57,-57.16) < 0.001

12

-253.08 (-378.93,-127.22)<0.001
-57.25(-111.81,-2.70)

0.040

0.011

-134.35(-188.13,-80.56) < 0.001

121
-248.01 (-402.70,-93.31) 0.002

-101.32 (-169.64,-33.01) 0.004

0.123

Note: Adjusted for age, gender, race, BMI, total cholesterol, serum cotinine, FeNO, education, marital status, the ratio of family income to poverty, physical activity,
smoking status, alcohol consumption, hypertension, and diabetes except for subgroup variables

B2, effect value; K°, Two-step recursive method was employed to determine the infection point

Significant values are in [bold]

Abbreviations: CMI: cardiometabolic index; 95% Cl: 95% confidence interval; FEV1: forced expiratory volume in one second; FVC: forced vital capacity

of the NHANES data limited our ability to determine a
cause-and-effect relationship between CMI and pulmo-
nary function. Second, despite our thorough attempts to
account for several potential covariables, we were unable
to completely exclude the effects of other unmeasured or
residual confounders. Finally, sample selection bias based
on study design and data quality control needs may affect
the representativeness and generalizability of the study
results.

Conclusions

Our findings demonstrate a negative association between
levels of CMI and pulmonary function, providing a new
perspective on the assessment and management of pul-
monary function. More high-quality, extensive prospec-
tive research is required in the future to confirm our
results and to explore the underlying mechanisms of the
negative association.

Abbreviations

B B coefficients

ACO Asthma-chronic obstructive pulmonary disease overlap
ATS American Thoracic Society

BMI Body mass index

cbC Centers for Disease Control and Prevention

™I Cardiometabolic index

COPD Chronic obstructive pulmonary disease

CRP C-reactive protein

DAG Directed acyclic graph

FEVI Forced expiratory volume in one second

FVC Forced vital capacity

HDL-C High-density lipoprotein cholesterol

MetS Metabolic syndrome

NHANES  National Health and Nutrition Examination Survey
NIOSH National Institute for Occupational Safety and Health
PA Physical activity

PIR The ratio of family income to poverty

Q Quartile

SD Standard deviation

TG Triglyceride

WHtR Waist-to-height ratio
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