www.nature.com/scientificreports

scientific reports

OPEN

W) Check for updates

Association of cardiometabolic
index with sleep quality in adults: a
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The Cardiometabolic Index (CMI) represents an innovative metric that encompasses abdominal
obesity and lipid levels, offering a comprehensive assessment of cardiometabolic health. It is derived
through the multiplication of the waist-to-height ratio by the triglyceride-to-high-density lipoprotein
cholesterol ratio. Although obesity and blood lipid levels are known factors affecting sleep quality, the
direct correlation between CMI and sleep quality has yet to be elucidated. This study uses NHANES
data to explore the potential correlation between CMI and sleep quality. Our research employed a
cross-sectional design, utilizing data from the National Health and Nutrition Examination Survey
(NHANES) spanning 2011 to 2014. CMI was used as the exposure variable, with sleep quality assessed
through three self-reported measures: trouble sleeping, sleep disorders, and sleep duration. We
employed multivariate logistic regression models and linear regression model as well as subgroup
analyses to explore the independent relationship between CMI and sleep quality. Additionally,
interaction tests were conducted to examine differences across various subgroups. The study included
4298 participants, comprising 2134 males and 2164 females. There was a positive correlation between
CMI and trouble sleeping (OR=1.63, 95% Cl 1.28-2.08) and sleep disorders (OR=1.96, 95% Cl 1.43-
2.67), while there was a negative correlation between CMI and sleep duration (f = — 0.17, 95% CI

— 0.31 to — 0.03), indicating that a higher CMI was associated with shorter sleep duration. Subgroup
analyses and interaction tests revealed a consistently positive association between CMI and sleep
difficulty across various populations, including gender, age, hypertension, diabetes, and cardiovascular
disease history. However, the relationship between CMI and sleep disorders was more prominent
among participants aged 50 and above. In American adults, a higher CMl is linked to an increased
prevalence of sleep disturbances. In clinical practice, CMI can be considered as a supplementary factor
in the assessment and management of sleep problems. Our study also provided new insights for
improving sleep quality.
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Sleep is the fundamental physiological process essential for human life activities. It is an important guarantee for
maintaining physical health and operating body functions. Good sleep quality is not only crucial for cognitive
function, emotions, mental health, and cardiovascular, cerebrovascular, and metabolic health, but also reduces
the risk of accidents and injuries caused by fatigue. However, with the development of the economy and changes
in lifestyle, Nie et al. found that the prevalence of abnormal sleep duration, sleep disorders, and trouble sleeping
among adults in the United States is increasing year by year!. A recent study revealed that the estimated global
prevalence of sleep disorders during the COVID-19 pandemic stood at 40.49%?2. Poor sleep quality is associated
with various adverse physiological and mental health outcomes, including cardiovascular disease, diabetes,
hypertension, and more®. It may also increase the risk of contracting COVID-19 and worsen its severity*. This
is particularly concerning for shift workers, a population already prone to severe sleep disorders®. As we know,
sleep disorders pose a burden on individuals’ quality of life and society, so it is very important to identify and
address these issues early.

Recently, there has been a surge of interest among researchers in exploring the connection between certain
serum biomarkers, like triglycerides (T'G), and sleep. In this context, a study conducted within the Baependi Heart
Study, a rural-based cohort in Brazil, revealed a statistically significant association between higher TG levels and
insufficient sleep quality among adults®. Another study found that the occurrence of sleep disorders is generally
associated with cardiometabolic comorbidities, such as lipid metabolism dysfunction and metabolic syndrome’.
Prakaschandra et al. indicated that changes in the quantity and quality of sleep are linked to cardiovascular
metabolic factors and metabolic syndrome, with insufficient sleep and poor sleep quality being associated with
increased waist circumference (WC), blood pressure, glucose, TG, low-density lipoprotein cholesterol (LDL-C),
and decreased high-density lipoprotein cholesterol (HDL-C)?. Wang et al. found a significant positive connection
between more frequent insomnia symptoms and a high TG to HDL ratio®. These results strongly indicated a
tight link between lipid metabolism disorders and sleep disorders and poor sleep quality. Despite numerous
studies have shown correlations between blood lipid levels and sleep quality across diverse populations, the
findings of these studies remain inconsistent!®!!. Such inconsistencies may stem from variations in geographical
regions, sample sizes, and a range of confounding factors. Therefore, it is necessary for us to further investigate
their relationship.

Cardiometabolic index (CMI) is an indicator reflecting obesity and lipid metabolism disorders, first proposed
by Ichiro Wakabayash in 2015. It is calculated by multiplying waist-to-height ratio (WHtR) and the ratio of
triglycerides to high-density lipoprotein cholesterol (TG/HDL-C)!2. CMI combines blood lipid levels and
abdominal obesity, serving as a major component of metabolic syndrome and having significant value in chronic
diseases. Previous research has demonstrated a strong correlation between CMI and diabetes, highlighting its
simplicity and effectiveness in identifying diabetes'®. Recently, multiple studies have established the correlation
between CMI and diseases such as liver disease', lung disease'®, cognitive impairment'®, and depression!”"18.
This suggests that CMI is a promising comprehensive indicator for predicting metabolic disorders. However, the
relationship between CMI and sleep quality is still unclear. Due to the worsening metabolic status of individuals
with lipid metabolism disorders over many years, effective monitoring of fat metabolism disorders in patients
with sleep disorders is crucial for developing effective interventions to prevent adverse health outcomes.

Consequently, the primary aim of our research is to explore the correlation between CMI and sleep quality,
using the NHANES database. Our findings can provide evidence for the role of lipid metabolism in sleep health,
which may be of significant importance for the sleep health of Americans.

Methods

Study participants

This cross-sectional study utilized data gathered from the widely recognized National Health and Nutrition
Examination Survey, also referred to as NHANES. This survey is continuous, multi-stage, with a cycle of every
two years, focusing on issues related to demographics, socioeconomic factors, dietary habits, and health-related
inquiries. The ultimate aim is to evaluate the nutritional well-being of adults and children in the United States,
exploring its correlation with the promotion of health and the prevention of diseases.

Figure 1 shows the inclusion and exclusion process of our study. (1) First, our study obtained data from 2011
to 2014 for analysis and recruited a total of 19,931 participants. (2) Next, we excluded 14,053 participants who
unable to calculate CMI due to missing data on height, waist circumference, TG, and HDL-C. (3) Then, we
excluded 591 participants who had missing sleep data. (4) We also excluded individuals younger than 20 years
old, pregnant women, and those with a history of cancer. Finally, our study included 4298 participants.

The National Center for Health Statistics Ethics Review Board has granted approval to NHANES (Ethics
approval number: Protocol#2011-17). All participants involved in the study provided their written consent.

Calculation of CMI

CMI = [WC (cm)/height (cm)] x [TG (mmol/L)/HDL-C (mmol/L)]'2. CMI was regarded as a continuous
variable, and group analysis was based on quartiles. The quartiles were defined as follows: Quartile 1 (CMI < 0.29),
Quartile 2 (CMI 0.29-0.50), Quartile 3 (CMI 0.50-0.86), and Quartile 4 (CMI > 0.86).

Sleep quality definitions

As with previous studies, sleep quality is defined by three-dimensional questions, including the presence or
absence of trouble sleeping, sleep disorders, and sleep duration!’. Participants were inquired whether they had
ever informed a doctor or another healthcare professional about experiencing trouble sleeping, and those who
answered positively were subsequently classified as having sleep troubles. Similarly, participants were queried
about whether they had ever been diagnosed with a sleep disorder by a medical doctor or any other health
professional, and those who confirmed this were considered to have a sleep disorder. To ascertain the average
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Fig. 1. Flow chart of participants selection.

sleep duration, participants were prompted to indicate, “How many hours of sleep do you typically obtain on
weekdays or workdays?”

Covariates selections

In our study, the selection of covariates was guided by professional expertise and prior research. Demographic
variables encompassed age, gender, race, educational level, marital status, and poverty income ratio(PIR).
Lifestyle factors took into account smoking, alcohol consumption, and moderate physical activity. Laboratory
measurements encompassed systolic blood pressure (SBP), diastolic blood pressure (DBP), LDL-C, hemoglobin
Alc (HbAlc), fasting plasma glucose (FPG), history of diabetes, hypertension, and cardiovascular disease.

Regarding smoking status, participants were grouped into smokers and non-smokers, depending on
whether they had smoked over 100 cigarettes throughout their lives. As for alcohol consumption, individuals
were categorized based on whether they consumed a minimum of 12 alcoholic beverages per annum. PIR was
stratified into three categories: <1.30, 1.30-3.49, and > 3.5%.

The diagnosis of diabetes was established through the satisfaction of one or several of the following criteria:
(1) a clinically verified diagnosis of diabetes rendered by a healthcare professional, (2) HbAlc>6.5%, or (3)
FPG > 7.0 mmol/L?°.The diagnosis of hypertension is based on the following methods: (1) whether it has been
diagnosed as hypertension by a healthcare professional, (2) The average SBP is > 140mmHg or the average DBP
is >90mmHg. The classification of cardiovascular diseases (CVD) followed previous research?! and includes
coronary heart disease, angina, congestive heart failure, myocardial infarction, and stroke. CVD was defined by
asking the following question: “Have you ever been told by a doctor or other healthcare professional that you
have (disease)?”

Using the online software Dagitty version 3.1, a theoretical causal model based on a directed acyclic graph
(DAG) was developed, considering the exposure variable (CMI), the outcome (sleep quality), and covariates.
To avoid unnecessary adjustments, spurious associations, and estimation errors, the backdoor criterion was
employed to select the minimal set of confounding variables required for the fitting analysis (Supplementary
Fig. 1)*

Statistical analysis

Our study utilized a complex, multistage probability sampling design. Following the recommendations from
the NHANES official website, we applied fasting subsample weights in our analysis. Employing chi-square tests
or t-tests, our research evaluated the characteristics of participants according to quartile of the CMI. As the
variables in this study do not follow a normal distribution, we have represented continuous variables using
medians and categorical variables using weighted percentages and 95% CI. The generalized variance inflation
factor (VIF < 10) was used to check for multicollinearity among the variables. Multivariable logistic regression
models and linear regression models were applied to examine the independent association between CMI
and sleep quality. The logistic regression models were used to estimate the odds ratios (OR) for categorical
outcomes such as trouble sleeping and sleep disorders. On the other hand, linear regression models were applied
to evaluate the association between CMI and sleep duration. To control for potential confounding factors
that might influence the results, the following three models were employed: Model 1 did not incorporate any
covariate adjustments. In Model 2, adjustments were made for age, sex, and race. Model 3 further adjusted for
all non-collinear variables based on Model 2, including educational level, marital status, poverty income ratio,
alcohol consumption, smoking, moderate work activity, diabetes, hypertension, CVD, TG, HDL-C, and LDL-C.
Following the conversion of the CMI value from a continuous variable into classified quartiles, trend tests were
carried out to investigate potential linear associations between the CMI and sleep quality. Additionally, subgroup
analyses were performed to explore the relationship between the CMI and sleep quality, stratified by factors such
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as age, gender, diabetes, hypertension, and CVD history. The statistical analysis was performed utilizing the R
software package (version 3.4.3) and Empower software (version 4.2). A two-sided P-value less than 0.05 was
deemed statistically significant.

Results

Baseline characteristics

Table 1 describes the baseline characteristics of the participants. The study included 4298 participants, comprising
2134 males and 2164 females. Most of them were non-Hispanic whites (65.79%), married or living with a partner
(63.24%), and had an educational level above high school (62.50%). The CMI values ranges classified by quartiles
are as follows: quartile 1: <0.287; quartile 2: 0.287-0.496; quartile 3: 0.496-0.856; and quartile 4: >0.856. With
the increase of CMI, the prevalence of trouble sleeping and sleep disorders also increases (P <0.001). Notably,
the proportion of individuals who self-reported trouble sleeping (25.95%) is higher than those diagnosed with
sleep disorders by medical professionals (9.32%). However, there is no significant trend in sleep duration from
high to low sleep quality scores. In the group with the highest quartile of CMI, there is an observed increase in
age, SBP, DBP, TG, HbA1c, and FPG. Additionally, a higher proportion of males and smokers is noted, while the
proportion of HDL-C is lower. Furthermore, as the CMI increases, a greater proportion of participants report a
history of diabetes, hypertension, and cardiovascular disease.

The association between the CMI and sleep quality

The correlation between CMI and sleep quality is summarized in Figs. 2, 3 and 4. Multiple logistic regression
and linear regression analyses were employed to assess the relationship between CMI and sleep quality. In model
3, our findings revealed a positive correlation between CMI and trouble sleeping (OR=1.63, 95% CI 1.28-
2.08) as well as sleep disorders (OR=1.96, 95% CI 1.43-2.67). It indicates that for every unit increase in CMI,
there is a corresponding 63% increase in the likelihood of participants experiencing trouble sleeping and a 96%
increase in the likelihood of developing sleep disorders. Additionally, we transformed CMI, which was initially
a continuous variable, into a categorical variable (consisting of four groups). When comparing the Q4 group to
the Q1 group, a notable elevation in CMI within the Q4 group was linked to a higher occurrence of difficulties
in sleeping (Model 3: OR=1.63, 95% CI 1.15-2.31, P for trend =0.022) and also to an augmented prevalence of
sleep disorders (Model 3: OR=2.49, 95% CI 1.42-4.37, P for trend < 0.001). Notably, in terms of sleep duration,
CMLI, as a continuous variable, demonstrated a negative association with it (8 = — 0.17,95% CI — 0.31 to — 0.03),
indicating that each unit increase in CMI is associated with a 16% decrease in participants’ sleep duration.
However, after treating CMI as a categorical variable and conducting a fully adjusted model, the correlation
between CMI and sleep duration was not significant (f = — 0.02, 95% CI — 0.24 to 0.20, P for trend =0.82).

Subgroup analysis

Table 2 presents the subgroup analysis and interaction tests performed in our research to investigate the
robustness of the relationship between CMI and sleep quality, considering variables such as gender, age,
hypertension, diabetes, and cardiovascular disease history. This analysis aimed to identify potential population
differences. After adjusting for confounding factors, our results indicated a positive correlation between CMI
and self-reported trouble sleeping. This association was generally similar across different groups of gender, age,
hypertension, diabetes, and CVD history (all P for interaction >0.05). However, the relationship between CMI
and sleep disorders was influenced by age ( P for interaction=0.01), with individuals aged over 50 years have
an increased propensity to develop sleep disorders(OR=2.30, 95% CI 1.62-3.27). Additionally, a significant
association was observed between CMI and sleep duration among participants without a history of CVD (P for
interaction < 0.001).

Discussion

A cross-sectional study utilizing the NHANES database was carried out among 4298 participants to elucidate
the association between CMI and sleep quality. Our research findings indicate a positive correlation between
CMI and trouble sleeping and sleep disorders (OR=1.63, 95% CI 1.28-2.08; OR= 1.96, 95% CI 1.43-2.67). This
suggests that higher levels of CMI were correlated with an increased likelihood of trouble sleeping and sleep
disorders. In terms of sleep duration, CMI, as a continuous variable, demonstrated a negative association with it
(B=—10.17,95% CI — 0.31 to — 0.03), indicating that a higher CMI was associated with shorter sleep duration.
Through subgroup analysis and interaction testing, the robustness of the positive correlation between CMI and
trouble sleeping has been demonstrated across different population. However, in participants aged 50 and above,
the relationship between CMI and sleep disorders was more prominent. Overall, the higher the CMI, the more
sleep problems there are. Our research findings highlight the important role of CMI in the development of sleep
disorders.

This is the first time evaluating the relationship between CMI and sleep quality to our knowledge. Previous
studies have primarily concentrated on examining the correlation between obesity or blood lipid levels and
sleep, while lacking direct assessments of the relationship between CMI and sleep quality at present. Hall et
al. analyzed data from 1,214 American middle-aged adults aged 30 to 54 years old and discovered that sleep
duration exhibits an independent correlation with three key aspects of metabolic syndrome: abdominal obesity,
elevated blood glucose concentrations, and heightened triglyceride levels. Abdominal obesity and elevated blood
glucose levels are the metabolic syndrome individuals with the strongest correlation with short sleep duration?.
A cross-sectional study targeting healthy Saudi adults revealed a significant link between elevated TG levels and
both reduced sleep quality and shortened sleep quantity?!. Similar to previous research?®, we found a positive
correlation between CMI (a novel cardiovascular risk marker) and sleep disturbances or sleep problems. This
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Cardiometabolic index
Characteristics Total Q1 (<0.29) Q2 (0.29-0.50) Q3 (0.50-0.86) Q4 (>0.86) Pvalue
Participants 4298 1072 1077 1074 1075
Age (years) 46 [20; 80] 41 [20; 80] 47 [20; 80] 48 [20; 80] 49 [20; 80] <0.001
Gender (%) <0.001
Male 49.84 (47.61, 52.08) 36.85 (32.13, 41.83) 47.74 (44.47, 51.03) 49.19 (44.48,53.91) 64.76 (60.84, 68.49)
Female 50.16 (47.92,52.39) | 63.15 (58.17,67.88) | 52.25 (48.97,55.53) | 50.81 (46.09, 55.52) | 35.24 (31.51, 39.17)
Education level(%) <0.001
Less than high school 17.47 (14.80, 20.50) 11.78 (9.73, 14.19) 16.58 (13.15, 20.70) 19.58 (15.87, 23.92) 21.63 (18.18, 25.55)
High school 20.03 (17.47, 22.86) 17.49 (13.46, 22.43) 20.88 (17.43, 24.82) 19.58 (17.05, 22.39) 21.98 (17.47, 27.26)
More than high school 62.50 (58.35, 66.48) 70.73 (64.47, 76.30) 62.54 (58.20, 66.68) 60.84 (56.58, 64.92) 56.39 (50.99, 61.64)
Race (%) <0.001
Mexican American 9.13 (6.82, 12.13) 6.59 (4.79, 9.00) 7.40 (5.37, 10.10) 10.89 (7.55, 15.45) 11.58 (8.39, 15.77)
Other Hispanic 6.49 (4.57,9.14) 5.36 (3.25,8.72) 7.00 (4.90, 9.91) 6.71 (4.69, 9.51) 6.82 (4.31, 10.64)
Non-Hispanic White 65.79 (60.30, 70.90) 62.25 (56.72, 67.48) 67.56 (61.18, 73.34) 64.05 (57.65, 69.99) 69.01 (62.69, 74.69)
Non-Hispanic Black 10.36 (8.21, 12.99) 15.55 (12.55,19.12) | 10.90 (8.20, 14.36) 9.58 (7.39, 12.33) 5.70 (4.21, 7.68)
Other race 8.22 (6.59, 10.22) 10.25 (8.18, 12.78) 7.14 (5.19, 9.75) 8.77 (6.89, 11.11) 6.89 (4.97, 9.48)
PIR (%) 0.001
<13 25.59 (21.91, 29.66) 24.45(21.12, 28.12) 23.51 (18.60, 29.25) 25.41 (20.77, 30.67) 28.97 (24.57, 33.81)
>=1.3,<3.5 34.56 (31.57, 37.67) 29.22 (24.91, 33.93) 35.47 (31.16, 40.04) 37.12 (32.37,42.12) 36.16 (32.03, 40.51)
>=35 39.85 (34.84, 45.09) 46.33 (39.68, 53.12) 41.02 (34.05, 48.37) 37.48 (32.10, 43.18) 34.87 (29.43, 40.73)
Marital status (%) 0.021
Married/living with partner | 63.24 (60.62, 65.79) 61.26 (56.48, 65.84) 62.61 (57.82, 67.16) 62.82 (58.94, 66.54) 66.15 (61.78, 70.27)
Never married/widowed 24.05 (21.52,26.77) 28.10 (24.01, 32.60) 25.07 (21.58, 28.92) 23.24 (20.44, 26.29) 19.99 (16.36, 24.19)
Divorced/separated 12.71 (11.30, 14.27) | 10.64 (8.32, 13.50) 12.32 (9.93, 15.19) 13.94 (11.22,17.19) | 13.86 (11.37, 16.79)
Smoking (%) <0.001
Yes 43.15 (40.44, 45.89) 35.49 (31.63, 39.54) 40.54 (36.42, 44.78) 45.11 (41.37, 48.90) 51.06 (46.49, 55.61)
No 56.85 (54.11, 59.56) 64.51 (60.46, 68.37) 59.46 (55.22, 63.58) 54.89 (51.10, 58.63) 48.94 (44.39, 53.51)
Drinking (%) 0.544
Yes 79.24 (76.38, 81.83) 80.66 (76.27, 84.41) 79.57 (75.57, 83.06) 77.40 (73.30, 81.04) 79.38 (75.22, 83.00)
No 20.76 (18.17, 23.62) 19.34 (15.59, 23.73) 20.43 (16.94, 24.43) 22.60 (18.96, 26.70) 20.62 (17.00, 24.78)
Moderate work activity (%) 0.064
Yes 36.77 (34.34,39.27) | 33.72(29.72,37.96) | 34.40 (30.19,38.88) | 38.48 (33.72,43.48) | 40.36 (36.45, 44.39)
No 63.23 (60.73, 65.66) 66.28 (62.04, 70.28) 65.60 (61.12, 69.81) 61.51 (56.52, 66.28) 59.64 (55.61, 63.55)
SBP (mmHg) 120.00 [64.67; 234.67] | 116.00 [73.33; 187.33] | 118.67 [64.67; 234.67] | 122.00 [86.00; 212.00] | 123.33 [83.33; 208.00] | <0.001
DBP (mmHg) 70.00 [0; 130.00] 68.67 [14.00; 103.33] | 69.33 [0; 114] 70.67 [0; 115.33] 72.00 [0; 130.0] <0.001
HDL-C (mmol/L) 1.32 [0.26; 3.93] 1.71 [0.93; 3.93] 1.40 [0.57; 2.51] 1.24 [0.36; 2.15] 1.03 [0.26; 1.99] <0.001
TG (mmol/L) 1.12 [0.16; 47.79] 0.64 [0.16; 1.47) 0.95 [0.43; 2.10] 1.310 [0.61; 2.69] 2.18 [0.80; 47.79] <0.001
LDL-C (mmol/L) 2.87[0.23; 9.70] 2.56 [0.39; 6.41] 2.87 [0.60; 8.90] 3.03 [0.23; 8.56] 2.92 [0.36; 9.70] <0.001
HbAlc (%) 5.5[3.5; 16.5] 5.30 [3.80; 11.90] 5.50 [3.50; 13.70] 5.60 [3.70; 16.50] 5.70 [3.80; 15.90] <0.001
FPG (mmol/L) 5.5 [2.17; 23.37] 5.22 [3.16; 17.32] 5.38 [2.17-23.37] 5.61 [3.16; 21.32] 5.88 [2.61; 22.48] <0.001
Hypertension (%) <0.001
Yes 31.82 (29.29, 34.46) 18.84 (15.22, 23.09) 28.59 (24.15, 33.49) 33.86 (29.78, 38.19) 45.24 (40.34, 50.24)
No 68.18 (65.54,70.71) | 81.16 (76.91,84.78) | 71.41 (66.51,75.85) | 66.14 (61.81,70.22) | 54.76 (49.76, 59.66)
Diabetes (%) <0.001
Yes 8.36 (7.22, 9.68) 2.41 (1.40, 4.10) 4.89 (3.41, 6.98) 8.95(7.26,10.98) 16.88 (13.04, 21.58)
No 91.64 (90.32, 92.79) 97.59 (95.89, 98.60) 95.11 (93.02, 96.59) 91.05 (89.02, 92.74) 83.12 (78.42, 86.97)
CVD history (%) <0.001
Yes 8.09 (6.80, 9.61) 429 (291, 6.28) 6.94 (5.18,9.24) 8.58 (6.90, 10.62) 12.35 (9.61, 15.73)
No 91.91 (90.39, 93.20) 95.71 (93.72, 97.09) 93.06 (90.76, 94.82) 91.42 (89.38, 93.10) 87.65 (84.27,90.39)
Trouble sleeping (%) <0.001
Yes 25.95 (23.70, 28.34) 21.19 (17.87, 24.93) 22.62 (19.16, 26.50) 27.58 (24.03, 31.43) 32.21 (28.21, 36.50)
No 74.05 (71.66, 76.30) 78.81 (75.07, 82.13) 77.38 (73.50, 80.85) 72.42 (68.57,75.97) 67.79 (63.50, 71.79)
Sleep disorder (%) <0.001
Yes 9.32 (8.12, 10.67) 4.99 (3.33,7.44) 7.69 (6.15, 9.57) 9.82 (7.53,12.73) 14.51(11.65, 17.93)
No 90.68 (89.34, 91.88) 95.01 (92.56, 96.68) 92.31 (90.43, 93.85) 90.18 (87.28, 92.47) 85.49 (82.07, 88.35)
Sleep duration (hour) 7 [2512] 7 [3;12] 7 [2512] 7 [2512] 7 [2;12] 0.295
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Table 1. Baseline characteristics of study participants according to quartile groups of CMI. For continuous
variables, continuous variables using medians and categorical variables using weighted percentages and 95%
CL PIR Income to poverty ratio, BMI Body mass index, SBP Systolic blood pressure, DBP Diastolic blood
pressure, TG Triglyceride, LDL-C Low density lipoprotein cholesterol, HDL-C High density lipoprotein
cholesterol, HbA 1¢ Hemoglobin Alc, FPG Fasting plasma glucose, CVD Cardiovascular disease.

Trouble sleeping OR (95%CD P for trend
Model 1
CMI S 1. 19:060. 1., 14228
CMI Quartile <20. 001
01 4 1.00 (1.00, 1.00)
Q2 8 1. 17 (0.95. 1.45)
Q3 —e—i 1430145, 1.76)
Q4 e 1. 81 (1.48, 2.21)
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CMI H 121 €112 1.:309
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Q4 e 163 115 2:31)
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Fig. 2. The relationship between between CMI and trouble sleeping.

positive correlation underscores the significant role that metabolic factors, particularly abdominal obesity and
dyslipidemia, play in sleep health. Several biological mechanisms could explain this observed association. First,
there may be a significant cross-sectional link between poor sleep quality and reduced leptin levels coupled
with elevated ghrelin levels, which regulate satiety and hunger, respectively. Given the metabolic and endocrine
changes, increased appetite and hunger might contribute to poorer sleep quality?. Second, visceral obesity is
associated with a heightened risk of obstructive sleep apnea (OSA), a common sleep disorder?’. Additionally,
we observed that individuals aged over 50 years were more likely to experience sleep disorders with higher
CMI levels. This finding suggests that aging may amplify the adverse effects of metabolic disorders on sleep. As
people age, the decline in sleep quality could be attributed to changes in circadian rhythms, reduced melatonin
production, or alterations in neurotransmitter function?®. Interestingly, a stronger inverse correlation was
observed between elevated CMI levels and shorter sleep duration. among adults without cardiovascular disease.
This could be because in people without cardiovascular disease, high CMI indices and insufficient sleep may
be early warning signals of health issues. These signals may reflect poor lifestyle habits, psychological stress,
or other underlying health problems that exist before the onset of cardiovascular disease. Sleep is crucial for
maintaining cardiovascular health. Insufficient sleep can lead to a series of physiological changes, such as
hormonal imbalances and enhanced inflammatory responses, which may affect various components of the
cardiac metabolic index. In individuals without cardiovascular disease, these physiological mechanisms may
be more sensitive. Therefore, for this population, it is important to focus on and improve sleep quality and
cardiac metabolic status to prevent cardiovascular disease. Finally, we should also pay attention to other issues
associated with poor sleep quality, which may be risk factors for metabolic disorders. Unhealthy dietary patterns,
such as consuming high-sugar diets and ultra-processed foods, can lead to nutrient deficiencies (e.g., vitamin
D)¥3. These deficiencies not only contribute to higher levels of inflammation but may also disrupt circadian
rhythms and reduce nighttime melatonin secretion, thereby negatively impacting sleep quality®"*2. Additionally,
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Sleep disorder OR (95%CD) P for trend
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Fig. 3. The relationship between between CMI and sleep disorder.
sedentary behavior should be considered, as it can lead to metabolic and inflammatory issues closely linked to
dyslipidemia, cardiovascular diseases, and poor sleep quality™.

CMLI, a novel indicator, offers a comprehensive view of visceral fat distribution and dysfunction. This metric
can be swiftly evaluated using blood lipid parameters, waist circumference, and height, providing a convenient
and efficient means to assess individual health status. Importantly, CMI holds significant value in predicting
the risk of obesity-related metabolic disorders?”’. CMI is derived by multiplying WHtR with the ratio of TG to
HDL-C, where waist-to-height ratio (WHtR) can predict abdominal obesity in individuals, and TG/HDL-C
can predict metabolic syndrome and insulin resistance. Some studies have demonstrated a correlation between
abdominal obesity and decreased sleep quality®, and the occurrence rate of sleep disorders is often related
to metabolic syndrome®. Our research results revealed a noteworthy correlation between elevated CMI and
a heightened occurrence of sleep-related issues. Currently, sleep and metabolism are considered to have a
bidirectional relationship®®%’, Possible explanations for this association can be attributed to several aspects.
Firstly, the increase in visceral adipose tissue could cause the secretion of inflammatory cytokines (such as
interleukin-6, IL-6), which may contribute to changes in sleep-wake rhythm?®®. Secondly, sleep disruption
may result in metabolic dysregulation due to the overactivation of the hypothalamus-pituitary-adrenal (HPA)
axis, modifications in neuroendocrine responses, and alterations in glucose metabolism?33°. At the same time,
obesity and obesity-promoting behaviors can lead to sleep disturbances®, creating a bidirectional relationship.
Additionally, Chen et al.*proposed that elevated blood lipid levels strongly affect sleep patterns through
excessive urination (nocturnal polyuria)*!, which in turn may interfere with sleep. Therefore, CMI can reflect
the level of metabolic abnormalities in the body. By focusing on early detection and management of elevated
CMLI, healthcare providers may help patients not only reduce their risk of metabolic diseases but also improve
their sleep quality.

The current study boasts several key strengths that significantly enhance the reliability and importance of
its findings. Firstly, this is the first time evaluating the relationship between CMI and sleep quality, offering
fresh perspectives on the interplay between metabolic characteristics and sleep health. Secondly, the study’s
rigorous approach, which took into account potential confounding factors, ensures the accuracy of research
results. Finally, the research results have important implications for public health strategies aimed at preventing
sleep problems.

Indeed, our study does have some limitations that are worth acknowledging. Firstly, the study’s sample
was confined to a specific geographical area and had a relatively small size, which might limit the reliability
and generalizability of our findings. This means that our results may not fully reflect the broader population’s
characteristics and may not be applicable to other regions or larger populations. Secondly, the assessment of
sleep quality was based solely on participants’ self-reported data, which may introduce information bias. Thirdly,
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Sleep duration B (95%CI) P for trend
Model 1
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Fig. 4. The relationship between between CMI and sleep duration. Model 1: no covariates were adjusted.
Model 2: age, gender, and race were adjusted. Model 3: age, gender, race, education level, maritial status, PIR,
drinking, smoking, hypertension, diabetes, LDL-C, CVD history, moderate work activity were adjusted. . PIR
the ratio of income to poverty, Q quartile, TG Triglyceride, LDL-C Low density lipoprotein cholesterol, HDL-C
High density lipoprotein cholesterol, CVD Cardiovascular disease.

Subgroup Trouble sleeping, OR (95% CI) | P for interaction | Sleep disorder, OR (95% CI) | P for interaction | Sleep duration, p (95% CI) | P for interaction
Gender 0.591 0.295 0.259
Male 1.55(1.21,1.99) 1.93 (1.40, 2.65) —0.16 (— 0.31, — 0.02)

Female 1.49 (1.11, 2.00) 1.74 (1.21, 2.49) —0.11 (— 0.28, 0.06)

Age (year) 0.170 0.010 0.413
Age<50 1.50(1.17, 1.93) 1.79 (1.31, 2.46) —0.16 (= 0.30, — 0.01)

Age>50 1.68 (1.27, 2.20) 2.30 (1.62, 3.27) —0.20 (= 0.35, — 0.04)
Hypertension 0.077 0.283 0.226
Yes 1.58 (1.22,2.04) 1.90 (1.39, 2.59) —0.17 (= 0.31, — 0.03)

No 1.36 (1.02, 1.83) 2.11(1.47,3.03) —0.23 (= 0.40, — 0.05)

Diabetes 0.893 0.828 0.437
Yes 1.54 (1.15, 2.06) 1.87 (1.32, 2.65) —0.20 (- 0.37, — 0.03)

No 1.56 (1.22,1.99) 1.92 (1.39, 2.66) —0.17 (- 0.31, — 0.02)

CVD history 0.752 0.065 <0.001
Yes 1.85 (1.30, 2.64) 1.38 (1.05, 1.80) 0.04 (- 0.13,0.20)

No 1.92 (1.39, 2.64) 1.66 (1.29, 2.15) —0.26 (= 0.40, — 0.11)

Table 2. Subgroup analysis of the association between CMI and sleep quality. OR odds ratio, 5 mean
difference, CI confidence intervals. Age, gender, race, education level, maritial status, PIR, drinking, smoking,
hypertension, diabetes, TG, LDL-C, HDL-C, CVD history, moderate work activity were adjusted. PIR the ratio
of income to poverty, Q quartile, TG Triglyceride, LDL-C Low density lipoprotein cholesterol, HDL-C High
density lipoprotein cholesterol, CVD Cardiovascular disease.
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the cross-sectional design of our study cannot establish whether the relationship between CMI levels and sleep
quality is bidirectional. Future long-term randomized controlled trials are needed to provide clearer evidence for
the causal relationship between CMI levels and sleep quality. Additionally, although we used the DAG method
to adjust for potential confounders, we cannot entirely rule out the presence of residual confounding factors.
Furthermore, while the CMI has been employed in several studies as a marker of cardiometabolic health, we
acknowledge that there may be limitations in its validation across different populations. Overall, while our study
provides valuable insights into the relationship between CMI levels and sleep quality, these limitations should be
carefully considered when interpreting our results. Future studies should aim to address these limitations and
further explore the complex relationship between metabolic characteristics and sleep health.

Conclusion

To sum up, the research revealing a strong positive correlation between CMI and sleep disorders as well as
trouble sleeping, and a negative association with sleep duration. Our results highlight the potential role of CMI
in the early detection and prevention of sleep-related metabolic impairments.

Data availability
The data pertaining to the present study is accessible on the following website: https://www.cdc.gov/nchs/
nhanes/index.htm.
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