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A B S T R A C T

Introduction: Obesity is a known risk factor for dyslipidemia. We aimed to evaluate the association
between nine obesity indices and various types of abnormal lipid levels in the young and middle-
aged.
Methods: From July to November 2022, we distributed health survey questionnaires to the target
population in the hospital and collected their biochemical and anthropometric data. Multivariate
regression models and Receiver operating characteristic (ROC) curve analysis were used for data
analyzing.
Results: We collected a total of 1174 complete samples. Among the five blood lipid indexes tested
in this study, TG (triglyceride) is most closely related to various body measurements (P < 0.05).
WC (Waist circumference) has the greatest risk for abnormal TG levels (OR, 2.61; P < 0.001) and
high-density lipoprotein cholesterol (HDL-C) levels(OR, 1.96; P < 0.001).WHR has the greatest
risk of abnormal low-density lipoprotein cholesterol (LDL-C) levels (OR, 1.35; P < 0.05) and non-
high-density lipoprotein cholesterol levels(OR, 1.59; P < 0.001). ROC curve analyses revealed
that all the tested variables gave the highest area under the curve (AUC) values for predicting
high TG in comparison to other plasma lipid abnormalities. The AUC of WC, AVI and BMI were
0.81, 0.80 and 0.79 respectively.
Conclusion: Specific obesity-related anthropometric measurements, including WC, AVI, and WHR,
show improved predictive accuracy in identifying abnormal lipid levels across diverse types. This
study supports their effectiveness in early dyslipidemia screening among young and middle-aged
individuals.
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1. Introduction

Obesity constitutes a significant global public health concern, affecting over one-third of the world’s population, with at least 60 %
residing in developing countries [1]. It is well-studied that obesity is associated with a range of metabolic disorders that significantly
impact cardiovascular health [2]. Dyslipidemia is an important link between obesity and the development of type 2 diabetes mellitus
and cardiovascular disease (CVD) [3]. The physiological mechanisms linking obesity to dyslipidemia are intricate and involve in-
teractions between adipose tissue dysfunction, insulin resistance, and altered lipid metabolism. However, recent evidence suggests that
obesity-induced dyslipidemia is not a unique pathophysiological entity, but rather has distinct characteristics depending on many
individual factors [4,5]. In line with that, in a subgroup of metabolically healthy obese (MHO) individuals, dyslipidemia is less
prominent or even absent [6]. Despite a number of studies suggest that obesity and dyslipidemia are important risk factors for car-
diovascular disease, different views have been proposed in recent years. For example, elevated certain lipid components (such as HDL
cholesterol) may be associated with a decreased risk of atrial fibrillation. Similarly, it also reveals the ’paradox’ phenomenon of obesity
in patients with acute coronary syndrome, namely that a certain degree of obesity may be associated with lower mortality [7,8]. These
studies indicate that we need to approach the exploration of the relationship between obesity, blood lipid levels, and diseases with
greater caution and comprehensiveness.

Identifying obesity is crucial for assessing the risk of associated disorders, making it a significant health concern. However, in-
dividuals with obesity can exhibit variations in body fat distribution and associated disease risks. Consequently, current consensus
recognizes that the distribution of body fat, rather than the overall amount of adipose tissue, plays a pivotal role in determining
metabolic abnormalities [9]. MRI and computed tomography have been recognized as the gold standard for measuring the volume of
visceral fat [10], but these two methods are not suitable for large-scale epidemiological studies due to their inconvenience and high
cost [11]. Therefore, body fat is frequently estimated or reflected by a series of anthropometric indices in most studies.

Anthropometric indices used to define obesity can help in the identification of individuals or groups of people with a variety of
specific health thresholds [12]. The conventional anthropometric indicators that define obesity include BMI [13], waist circumference
(WC) [14], waist-height ratio (WHtR), and waist-hip ratio (WHR) [15]. Unconventional new indicators proposed in recent years
include the Body Roundness Index (BRI) [16], Neck Circumference (NC), Waist-to-Weight Index (WWI), Abdominal Volume Index
(AVI), and Conicity Index (CI) [17–19]. Some studies have been conducted to assess the relationship between anthropometric obesity
indices and Dyslipidemia. However, the results of these studies are inconsistent. Currently, body mass index (BMI) and waist
circumference (WC) are the most commonly used predictors, but BMI does not reflect body shape and fat distribution, whereas in-
dividuals with similar BMI may exhibit different levels of fitness [20–25].

WC is a widely used measure of abdominal obesity, which reflects central obesity, a typical anthropometric parameter associated
with cardiovascular diseases. Many studies have shown that WC is a better predictor of mortality risk than BMI [26,27]. However, it
has limitations in distinguishing between subcutaneous and visceral fat tissue [28].It is an important consideration given the potential
differences in health risks associated withWC and BMI of fat. In addition, waistto-height ratio (WHtR) and waist-to-hip ratio (WHR), as
two WC-based anthropometric indices, were also frequently used and compared with BMI and WC in clinical practice. A recent study
has shown that waist-to-height ratio (WHtR) is a screening tool for adult metabolic risk factors that is more advantageous than BMI and
WC [29]. BRI is a new index proposed by Thomas and colleagues and based onWC and height, is a predictor of body fat percentage and
visceral adiposity tissue, and its values range from 1 to 16 [16,26]. CI is based on geometric theory, that is, with the accumulation of
waste fat, the body shape changes from a “cylinder” to a double “cone” [30], which can reflect the level of central obesity. Some studies
still suggest that these indices provide limited information on fat distribution [31,32].

To the best of our knowledge, limited studies have specifically examined the associations between different types of blood lipid
levels and obesity indices in the young and middle-aged in China. Although several studies hav e estimated and compared the pre-
dictive performances of obesity indices for Dyslipidemia in different populations [33,34], the findings were inconsistent. Hence, it is
essential to evaluate whether the novel indices demonstrate superior identification of abnormal blood lipid levels in young and
middle-aged individuals compared to traditional ones. In this context, the current study investigated the association between various
anthropometric and obesity indicators (including NC, WC, HC, BMI, WHR, WHtR, BRI, WWI, AVI, and CI) and the occurrence of
abnormal blood lipid level events (including TC, TG, HDL-C, LDL-C, and Non-HDL). The study also involved a comparative analysis of
their respective risk prediction performances.

2. Methods

2.1. Study setting and participants

A cross-sectional investigation was conducted at the Physical Examination Center of Shanghai Zhoupu Hospital, enrolling 1174
participants from July 2022 to November 2022. All participants underwent physical examinations and laboratory measurements and
completed standardized questionnaires. Inclusion criteria: (1) Young and middle-aged individuals aged 18 to 45; (2) Complete clinical
data, including demographic information, anthropometric indicators, and blood lipid levels; (3) Signed the informed consent form,
agreed to participate in the study and complete the questionnaire. Exclusion criteria:(1)With cardiovascular diseases and severe
chronic illnesses; (2) Have recently used medications that may affect blood lipid levels or obesity indicators; (3) Pregnant or lactating
women; (4) Individuals with incomplete data.

The contents of the questionnaires included education level, marital status, income and eating habits, etc. Written informed consent
for the whole research was obtained from each participant. This study was approved by the Ethics Committee of Shanghai Zhoupu
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Hospital (2022-C068-E01). The study protocol conforms to the ethical guidelines of the Declaration of Helsinki as reflected in the prior
approval by the institution’s human research committee.

2.2. Definitions

Abnormal blood lipid level was diagnosed by the definition of "Chinese Guidelines for Blood Lipid Management (2023) " [35]. The
diagnostic criteria of blood lipid level abnormality are: TC ≥ 6.2 mmol/L, TG ≥ 2.3mmmol/L, HDL-C< 1.0 mmol/L, LDL-C≥ 4.1
mmol/L and non-HDL-C≥ 4.9mmmol/L. "Like meat" or "Like to eat desserts and sweet drinks" is more than three times a week were
defined as having bad eating habits.The calculation formula of each obesity-related indices is shown in Table 1.

2.3. Anthropometric and laboratory measurements

At baseline time, the physical examination included measurements of height, weight, WC, hip circumference (HC), blood lipid
levels, etc. WC was recorded in the midpoint between the lowest rib and the iliac crest, and HC was measured at the greater trochanter
[40]. Fasting plasma glucose (GLU), TC, TG, HDL-C and LDL-Cwere quantified by an autocatalytic at the center of the hospital.

2.4. Statistical analyses

SPSS25.0 statistical software and R version 4.3.1 were used for data analysis. Mean ± standard deviation (M±SD) was reported for
continuous variables and the independent-samples t-test was applied for comparison. Categorical variables are expressed as count
(percentage), and Mann-Whitney test or Fisher’s exact test analysis was used to compare differences between groups. Spearman’s
correlation analysis was performed to determine the relationship between the obesity-related indices and blood lipid levels. Logical
regression was used to examine the risk of various obesity-related indices on the risk of blood lipid level abnormality adjusting for the
relevant factors appropriately. Lastly, the AUC of obesity-related indices to predict blood lipid level abnormality was estimated by
receiver operating characteristic (ROC) analyses. A two-tailed P < 0.05 was considered statistically significant.

3. Results

3.1. Characteristics of participants

Table 2 presents the basic characteristics of the study population, comprising 1174 research subjects divided into two groups. Of
these, 908 (77.34 %) had normal blood lipid levels, while 266 (22.66 %) exhibited abnormal levels. The average age of participants
was 35.02 ± 6.16 years, showing no significant difference between the two groups (P > 0.05). However, significant differences were
observed in NC, WC, HC, BMI, WHR, WHtR, BRI, WWI, AVI, CI, education level, smoking, and drinking between the groups (P< 0.05),
while marital status showed no significant difference (P > 0.05). We constructed box plots for the anthropometric and obesity in-
dicators in both the normal and abnormal blood lipid level groups (Fig. 1). This visualization allows a direct observation of the data
distribution differences for each obesity indicator between the two groups, with statistically significant distinctions (P < 0.001).

3.2. Correlation coefficients between anthropometric indicators and serum lipid levels

Table 3 displays the results of partial correlation analysis, revealing positive associations between NC, WC, BMI, WHR, WHtR, BRI,
WWI, AVI, CI, and TC, TG, LDL-C, Non-HDL, along with negative correlations with HDL-C. Notably, HDL-C and TG exhibited the
strongest correlations with each obesity measurement index (P< 0.001). Additionally, WHR, BMI, WC (AVI), BMI, and WC (AVI) were
identified as the body measurement indicators most strongly correlated with TC, TG, HDL-C, LDL-C, and non-HDL-C.

3.3. Association of anthropometric indicators with different types of abnormal serum lipid levels risks

The odds ratio (OR) and 95 % confidence interval (CI) were analyzed by obesity-related Z-scores after controlling for age, sex,

Table 1
The formula of each obesity-related indices.

Indices Formula Reference

NC – –
WC – –
BMI Weight (kg)/Height2(m) [36]
WHR Waist circumference (cm)/Hip circumference (cm) [5]
WHtR Waist circumference (cm)/height (cm) [37]
BRI 364.2− 365.5 × [(1− ((Waist circumference(m)/2π)/(0.5 × Height(m))2]1/2 [2]
WWI (Waist circumference(m) × 100)/Weight(m)1/2 [38]
AVI [2 × Waist circumference2 (cm) + 0.7 × (Waist circumference-Hip circumference)2(cm)]/1000 [39]
CI 0.109− 1 × Waist circumference(m) × [Weight(kg)/Height(m)]− 1/2 [3]
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education level, smoking and drinking(Fig. 2). All obesity indicators are positively correlated with abnormal TG, HDL-C and all-cause
levels(P < 0.05), but not associated with the risk of abnormal TC levels(P > 0.05).

The WC index had the strongest association with the risk of abnormal TG level (OR, 2.53; 95%CI, 2.00–3.21). And followed by BMI
(OR, 2.46; 95%CI, 1.98–3.05). Meanwhile, WC had the strongest association with the risk of abnormal HDL-C levels(OR, 1.90; 95%CI,
1.46–2.47). And followed byWHR (OR,1.88; 95%CI, 1.40–2.52). In addition,the WHR index had the strongest association with the risk
of abnormal LDL-C (OR,1.32; 95%CI, 1.03–1.71) and Non-HDL-C (OR, 1.50; 95%CI, 1.15–2.00) level. Lastly, the WHR index had the
strongest association with the risk of all-cause abnormal blood lipid (OR,1.75; 95%CI, 1.49–2.07). And followed by WHR (OR,1.72;
95%CI, 1.45–2.05) and AVI (OR,1.70; 95%CI, 1.45–2.00).

3.4. The predictive ability of anthropometric indicators for different types of abnormal serum lipid levels

We performed Receiver Operating Characteristic (ROC) curve analysis to examine the predictive ability of different anthropometric
indicators on distinguishing individuals with abnormal lipid levels from those without (Fig. 3). WC and AVI showed the highest values
for predicting all-cause blood lipid level abnormality, with an area under the curve (AUC) of 0.70. WHR, WHtR and BRI also had high
AUC values of 0.78. Moreover, the AUC values of WHR, WHtR and BRI were also moderately high(0.68–0.69). The predictive ca-
pabilities of the corresponding parameters in distinguishing the participants with highTG, TC, HDL-C, LDL-C and Non-HDL-C were also
analyzed. According to observations, in predicting high TG levels, including NC, WC, BMI, WHR, WHtR, BRI, AVI, and CI showed
moderately high and similar AUC values (0.70–0.81). However, among these analyses, WC and AVI had the highest AUC values.
Moreover, NC, WC and AVI demonstrated high predictive ability in predicting low HDL levels(0.74–0.75). The various indicators
showed moderate predictive ability in predicting high TC (0.53–0.58), LDL(0.55–0.63) and non-HDL-C (0.58–0.68).

4. Discussion

Anthropometric measurements are an important factor when assessing dyslipidemia levels in young andmiddle-aged adults. In this
study, we evaluated the association between nine obesity indices and various types of abnormal lipid levels in the young and middle-
aged. Previous studies have shown that the detection rate of hyperlipidemia in obese patients is significantly higher than that in normal
weight individuals, and obesity is associated with blood lipid levels [41–43]. Similar results were obtained in our study, with various
obesity indicators and blood lipids having a high correlation. We have found a consistent positive correlation between each body
obesity measurement index and TC, TG, LDL, and non-HDL. Similarly, there is a consistent negative correlation between these

Table 2
General characteristics of all participants.

Variables Overall (n = 1174) Normal(n = 908) Abnormal (n = 266) P- value

Age (years) 35.02 ± 6.16 35.10 ± 6.25 34.73 ± 5.87 0.37
Height (cm) 164.23 ± 7.20 163.62 ± 6.78 166.31 ± 8.17 <0.001
Weight (kg) 62.40 ± 11.94 60.56 ± 10.67 68.69 ± 13.78 <0.001
NC (cm) 33.28 ± 3.95 32.78 ± 3.82 34.98 ± 3.91 <0.001
WC (cm) 78.64 ± 10.19 77.03 ± 9.57 84.13 ± 10.35 <0.001
HC (cm) 95.47 ± 6.84 94.83 ± 6.63 97.66 ± 7.10 <0.001
BMI 23.04 ± 3.47 22.56 ± 3.26 24.70 ± 3.66 <0.001
WHR 0.82 ± 0.07 0.81 ± 0.07 0.86 ± 0.07 <0.001
WHtR 0.48 ± 0.06 0.47 ± 0.06 0.51 ± 0.06 <0.001
BRI 3.03 ± 1.06 2.89 ± 1.01 3.53 ± 1.071 <0.001
WWI 9.99 ± 0.79 9.93 ± 0.79 10.20 ± 0.74 <0.001
AVI 12.81 ± 3.22 12.30 ± 2.97 14.53 ± 3.43 <0.001
CI 1.17 ± 0.09 1.16 ± 0.09 1.21 ± 0.09 <0.001
TC(mmol/l) 5.02 ± 0.88 4.81 ± 0.64 5.73 ± 1.17 <0.001
TG(mmol/l) 1.30 ± 1.28 0.9884 ± 0.43752 2.38 ± 2.26 <0.001
HDL-C(mmol/l) 1.436 ± 0.31 1.4805 ± 0.27679 1.26 ± 0.36 <0.001
LDL-C(mmol/l) 3.01 ± 0.74 2.863 ± 0.59342 3.51 ± 0.96 <0.001
Non HDL-C(mmol/l) 3.59 ± 0.89 3.3317 ± 0.64573 4.47 ± 1.04 <0.001
Marital status
Unmarried 204(17.38) 166(18.28) 38(14.29) 0.13
Married 970(82.62) 742(81.72) 228(85.71)
Educational level, n(%)
Junior high school and below 52(4.43) 31(3.41) 21(7.89) 0.02
Senior high school (junior college) 248(21.12) 182(20.04) 66(24.81)
Undergraduate 824(70.19) 655(72.14) 169(63.53)
Postgraduate 50(4.26) 40(4.41) 10(3.76)
Smoking status, n(%)
Yes 111(9.45) 55(6.06) 56(21.05) <0.001
No 1063(90.55) 853(93.94) 210(78.95)
Drink status, n(%)
Yes 101(8.60) 56(6.17) 45(16.72) <0.001
No 1073(91.40) 852(93.83) 221(83.08)

X. Zhou et al. Heliyon 11 (2025) e41310 

4 



measurement indices and HDL, which aligns with the findings of previous studies [44,45]. Among these blood lipids, TG and HDL
exhibit the strongest association. Among them, WC, BMI and AVI are highly associated with these two types. Meanwhile, various
anthropometric indicators had a positive correlation with TC.

In our follow study, we analyzed the risk associations of each bodymeasure with different types of abnormal lipid levels. Obviously,
each obesity index is significantly associated with the risk of abnormal blood lipid levels of TG and HDL-C [46], but has no statistical
significance with the risk of abnormal TC levels. From the perspective of abnormal blood lipid levels of TG and HDL-C, WC has the
highest risk ratio, followed by BMI, WHR and AVI. From the LDL-C and non-HDL-C, the WHR index has the largest risk ratio, followed
by BMI. Finally, from the perspective of overall abnormal blood lipid levels, the first is WC [47], followed by WHR and AVI, after
adjusting for age, gender, education level, smoking and drinking.At present, the most commonly used indicators for evaluating visceral

Fig. 1. Comparison of various anthropometric and metabolic parameters in Patients with abnormal and normal blood lipid levels. Box-plot rep-
resentation of the values for different anthropometric/metabolic parameters in patients with abnormal and normal blood lipid levels. Dyslipidemia
was defined as irregularity in the plasma levels of TC, TG, HDL, LDL, or non-HDL. Boxes represent median and interquartile range; whiskers
represent minimum and maximum. Significance was determined by unpaired t-test. *Significant difference (p < 0.001).

Table 3
Correlation coefficients between anthropometric measurements and serum lipid levels.

Indices TC TG HDL-C LDL-C Non-HDL-C

NC 0.06* 0.35** − 0.44** 0.12** 0.21**
WC 0.11** 0.44** − 0.48** 0.20** 0.28**
BMI 0.11** 0.45** − 0.47** 0.21** 0.28**
WHR 0.12** 0.39** − 0.42** 0.18** 0.27**
WHtR 0.11** 0.40** − 0.44** 0.19** 0.27**
BRI 0.11** 0.40** − 0.44** 0.19** 0.27**
WWI 0.07* 0.22** − 0.26** 0.10** 0.16**
AVI 0.11** 0.44** − 0.48** 0.20** 0.28**
CI 0.07* 0.27** − 0.32** 0.12** 0.18**

Note: TC, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; NC, Neck
circumference; WC, Waist circumference; BMI, body mass index; WHR, waist-hip ratio; WHtR, waist-height ratio; BRI, Body Roundness Index; WWI,
Weight adjusted waist circumference index; AVI, abdominal volume index; CI, conicity index. **P < 0.001,*P < 0.05.
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fat are BMI and WC [44–46].This study found that AVI is a special and novel indicator for assessing abnormal blood lipid levels in
young and middle-aged people, which is a significant finding.

We also investigated the effectiveness of using anthropometric and adiposity measures to detect abnormal lipid levels.The WC,
WHR, and AVI indicators have good discriminatory abilities for identifying abnormal blood lipid levels in both men and women among
the 9 obesity measurement indicators including NC, WC, BMI, WHR, WHtR, BRI, WWI, AVI, and CI. WC performed well in identifying
high-TG, which can be defined as an “excellent” indicator (0.8≤AUC<0.9) according to the criteria of Hosmer and Lemesow [48].

There are some limitations to the study. Firstly, the study uses a cross-sectional design, which means that we can only observe
correlations between variables and cannot infer causation. Secondly, while the study controlled for common confounders such as age,
sex, diet, and exercise, there is still the possibility of other potential confounders that were not accounted for. This may affect our
understanding of the relationship between the indicators and abnormal lipid levels.Thirdly, the binary cut-off value is used for lipids,
but lipids are continuous variables, which may cause some errors. The study was limited to a population in a specific region, so
generalizations to other geographic regions may have some limitations. Results may vary from region to region due to differences in
factors such as diet, lifestyle and genetic background.To address these limitations and to more fully assess the role of anthropometric
and obesity measures in detecting abnormal lipid levels in young and middle-aged adults, larger, multicenter, multi-year studies are
warranted, taking into account more potential confounders, and populations of different ages and geographic regions.

5. Conclusion

This study evaluated the ability of various obesity body measurement indicators to identify and diagnose abnormalities in different
blood lipid levels in young andmiddle-aged people. Among them,WC, AVI, andWHR showed higher predictive accuracy in identifying
different types of abnormal lipid levels. This study adds evidence on the ability of each body measurement index to identify and assess
different types of dyslipidemia in young and middle-aged people, and provides theoretical support for the effectiveness of early
screening for abnormal blood lipid levels. However, the validity of these indicators needs further verification in larger-scale studies

Fig. 2. (ABC).The OR values of various anthropometric/metabolic variables and the absence or presence of different forms of dyslipidemia. Bar
graphs represent the values for area under the curves from receiver operating characteristic (ROC) curve analysis to determine the pre-
dictivecapability of different anthropometric/metabolic parameters for identification of a overall dyslipidemia (irregularity in the plasma levels of
TC, TG, HDL, LDL, or non-HDL). Abbreviations: WC,Waist circumference; BMI, body mass index; WHR, Waist-hip ratio; WHtR, Waist height ratio;
BRI, Body roundness index; WWI, Weight adjusted waist circumference index; AVI, Abdominal volume index; CI,Cone Index.
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with more rigorous designs. In future research, we will explore a wider range of combinations of anthropometric indicators to better
distinguish different body compositions and their associated health risks.
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