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Objective: Whether the combination of high-sensitivity C-reactive protein (hs-CRP) and Lipoprotein-associated Phospholipase A2 
(Lp-PLA2) was an independent risk factor for metabolic unhealthy is unknown. This study aimed to evaluate the association between 
combining hs-CRP and Lp-PLA2 and metabolic unhealthy.
Methods: A total of 3198 participants who underwent routine health check-up examinations. The participants completed inflamma
tion indicators (hs-CRP and Lp-PLA2) examination and physical assessments. Four phenotypes were determined according to obesity 
and metabolic health status. Meanwhile, the participants were divided into four groups according to the level of hs-CRP and Lp-PLA2. 
The cross-sectional association between hs-CRP, Lp-PLA2 and metabolic unhealthy was tested by logistic regression analysis.
Results: About 30.48%, 17.35%, 17.32% and 34.83% had MHNO, MUNO, MHO, and MUO, respectively. The combination of the 
hs-CRP and Lp-PLA2 levels was significantly correlated with metabolic unhealthy in non-obese subjects. However, in obese subjects, 
only hs-CRP level was significantly correlated with metabolic unhealthy.
Conclusion: The hs-CRP and Lp-PLA2 together were significantly associated with metabolic unhealthy in non-obese subjects. hs- 
CRP level was significantly correlated with metabolic unhealthy in obese subjects.
Keywords: hs-CRP, Lp-PLA2, metabolically unhealthy, obese

Obesity prevalence is increasing worldwide and represents one of the greatest concerns to public health.1 However, 
obesity is a heterogeneous disease with different metabolic status. The majority of people with obesity are metabolically 
unhealthy obesity (MUO), and it is estimated that 20–30% of obese adults who remains at the level of metabolically 
healthy obesity (MHO).2 Currently, there is no accepted standard for defining MHO, and more than 30 different 
definitions have been used in various studies. In most studies, MHO was defined as having ≤2 of the following 
components: high systolic and diastolic blood pressures, high plasma TG concentration, low HDL-C concentration, 
and high fasting blood glucose. Although MHO individuals exhibit an excess body mass index (BMI), they have no other 
metabolic complications and have relatively normal insulin sensitivity,3 moreover, they appear to be more resistant to 
obesity-related comorbidities.2,4 Previous studies demonstrated that metabolic unhealthy individuals had higher cardio
vascular disease (CVD) risk and all-cause mortality than that of metabolically healthy individuals irrespective of BMI.5,6 

Alternatively, it is possible that MHO represent transitional phases from no obesity to obesity as a natural phenomenon, 
that is, MHO phenotype seems to be a transient state which is ultimately turning into MUO. Thus, they have similar risks 
of CVD. Understanding which factors play a role in metabolic unhealthy state is therefore great. It is possible to stop or 
delay the natural course of obesity at some stage of its development through control of risk factors before it becomes 
metabolically unhealthy. Increased oxidative stress can be one of the ways leading to obesity-related metabolic 
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disorders.7 Recent results indicate that obesity and insulin resistance play the most important role in the relationship 
between metabolic syndrome and oxidative stress.8 It is worth mentioning that systemic inflammation is known to induce 
insulin resistance and oxidative stress.9 Significantly, metabolic healthy or metabolic unhealthy associate with different 
inflammatory profiles. Inflammatory status has been reported to be more favorable among metabolically healthy subjects 
at the same BMI in several studies.10,11 The protective mechanism of metabolic healthy obese is partly due to a reduced 
inflammatory response.12 In view of this, inflammation has also been incorporated as a component of metabolic 
unhealthy in some studies. However, different results have also been reported.13 Therefore, to what extent metabolic 
differences are explained by chronic inflammation among the four phenotypes is still a matter of debate. High-sensitivity 
C-reactive protein (hs-CRP) is a biomarker for systemic inflammation, synthesizing through the liver under stress and 
provides a useful indicator of chronic inflammation. Lp-PLA2 is primarily secreted by macrophages and is a specific 
marker of vascular inflammation. The observed Hs-CRP correlations with Lp-PLA2 are typically weak.14,15 Lp-PLA2 
predicts the risk for CVD events independent and complementary to hs-CRP,16 and when both hs-CRP and Lp-PLA2 
were elevated, the risk for CVD events increased.17 However, the relationship of hs-CRP combined with Lp-PLA2 and 
metabolic unhealthy is less clear. We hypothesize that the combination of hs-CRP and Lp-PLA2 levels was significantly 
associated with metabolic unhealthy. In this cross-sectional study based on health checkup participants, we compared hs- 
CRP and Lp-PLA2 levels in different metabolic status and BMI categories. The relationship between hs-CRP combined 
with Lp-PLA2 and metabolic health status was further investigated in no obesity and in obesity.

Methods
Participants and Study Design
An urban and rural cross-sectional study was conducted with participants who attended routine health examinations at the 
Third Xiangya Hospital of Central South University located in southern China (Changsha). Previous studies have 
described the study population. The participants completed the inflammation indicators (hs-CRP and Lp-PLA2) exam
ination and physical assessments between 1 January 2019 and 31 December 2021. If the subjects had more than one 
annual exam, we only used the first record of that year to avoid double counts. We further excluded the participants who 
met the following criteria (1) body mass index (BMI) ≤ 18.5 kg/m2 (n = 95); (2) a history of cancer (n = 27); (3) no 
available data on key variables, including fasting blood glucose (FBG), blood pressure (BP), triglyceride (TG) and high- 
density lipoprotein cholesterol (HDL-C) (n = 277). To prevent bias, all potential subjects meeting these criteria were 
included (n = 3198). The flow chart of the study is shown in Figure 1.

The study protocols were approved by the Institutional Review Board at the Third Xiangya Hospital (No. 2019-S451). 
All subjects provided their written informed consent for participation in the study, and no incentives were offered to the 
participants.

Anthropometric Measurements and Laboratory Measurements
Anthropometric measurements and laboratory examination were conducted as previously described,18 and health-related 
habits and disease history were collect through self-reported health questionnaires on website (https://new.selfhealth.com. 
cn/#/login).19

Fasting serum samples collected in the morning from the antecubital vein. The serum Lp-PLA2 concentration was 
measured by lucigenin-enhanced immunochemiluminescence method according to the manufacturer’s instructions 
(Nanjing Norman Biological Technology Co., Ltd., China). Intra- and inter-assay coefficients of variation were <10%. 
The participants were categorized into 2 groups by Lp-PLA2 concentrations: high level (high Lp-PLA2, ≥200 ng/mL) 
and low level (low Lp-PLA2, <200 ng/mL). Fasting serum high-sensitive C-reactive protein (hs-CRP) levels were 
analysed by latex turbidimetric immunoassay (Hitachi 7600–110; Hitachi, Tokyo, Japan). The imprecision estimate for 
hs-CRP was <5%. The participants were categorized into 2 groups as follows: high level (high hs-CRP, ≥3 mg/L) and 
low level (low hs-CRP, <3 mg/L). Ultimately, the participants were divided into 4 groups: low hs-CPR/low Lp-PLA2, 
high hs-CRP/low Lp-PLA2, low hs-CRP/high Lp-PLA2, and high hs-CRP/high Lp-PLA2.
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baPWV Measurements
Brachial–ankle pulse wave velocity (baPWV) was measured in a quiet, temperature-controlled room. After the partici
pants rested for a minimum of 5 min in the supine position, an automatic waveform analyzer (BP-203 RPE III, Omron 
Health Medical, Dalian, China) was used to measure the baPWV according to previous study.20 In brief, the measure
ments were performed twice, and the average reading of the left-side and right-side assessment was thereafter calculated.

Assessment of BMI Categories and Metabolic Health Status
Obesity was defined as a BMI ≥25 kg/m2 based on Asian-specific criteria.21

Metabolic health was determined using the 2009 International Diabetes Federation (IDF)22 and the third report of the 
National Cholesterol Education Program Adult Treatment Panel III (NCEP-ATP III) definitions23 as in previous 
studies:13 blood pressure ≥130/85 mmHg or previous diagnosis of hypertension or receiving treatment for hypertension; 
FPG ≥5.6 mmol/L mmol/L or self-reported diabetes; reduced plasma HDL-C (<1.0 mmol/L for men and <1.3 mmol/L 
for women) or using lipid-lowering drugs; and elevated plasma TG (≥1.7 mmol/L) or using lipid-lowering drugs. 
Individuals with 0 to 2 components were identified as having metabolically healthy, and being metabolically unhealthy 
was determined as having 3 or more of the abnormal metabolism described above. Based on BMI and metabolic status, 
participants were classified into four groups: (1) metabolically healthy no obesity (MHNO), (2) metabolically unhealthy 
no obesity (MUNO), (3) metabolically healthy obesity (MHO), and (4) metabolically unhealthy obesity (MUO).

Statistical Analysis
Shapiro–Wilk test was used for checking if the continuous variables were normally distributed. Statistical significance for 
continuous variables was assessed using one-way ANOVA or nonparametric test (Kruskal–Wallis test). Categorical 
variables were presented as percentages and were compared using the chi-square test. The differences of hs-CRP and LP- 
PLA2 among the 4 groups were visually examined using box plots. The cross-sectional relationship between hs-CRP, Lp- 

Figure 1 Flow chart of the study. hs-CRP+ was defined as ≥3 m g/L, hs-CRP- was defined as <3 m g/L; Lp-PLA2+ was defined as ≥200 ng/mL, Lp-PLA2- was defined as <200 
ng/mL. 
Abbreviations: hs-CRP, high-sensitivity C-reactive protein, Lp-PLA2, Lipoprotein-associated Phospholipase A2; MHNO, metabolically healthy no obesity; MUNO, 
metabolically unhealthy no obesity; MHO, metabolically healthy obesity; MUO, metabolically unhealthy obesity; BMI, body mass index; FBG, fasting blood glucose; BP, 
blood pressure; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol.
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PLA2 and metabolic unhealthy was tested by logistic regression analysis. The effect sizes of statistical associations in 
this study were quantified by odd ratios (OR) and 95% confidence intervals (CI). Variables that were adjusted to control 
for confounders were adjusted in the model including age, sex, smoking, drinking, exercise, sleep, all measured at 
baseline. All statistical tests were two-sided, and the significance level was set as P < 0.05. In addition, sensitivity 
analyses were conducted to assess the robustness of the results by rerunning all models in subjects without hypertension, 
diabetes, and nonalcoholic fatty liver disease (NAFLD). All comparisons were performed using SPSS 26.0 for Windows 
(IBM Corporation, New York, NY, USA). Missing values were imputed using multiple imputations.

Results
Characteristics Associated with a Metabolically Phenotype Among Non-Obese and 
Obese Individuals
A total of 3198 individuals were assessed and provided data for all parameters used to define metabolic status.47.84% of 
the participants were no obesity (18.5 kg/m2≤BMI<25 kg/m2), 52.16% individuals were obese (BMI≥25 kg/m2), 30.48%, 
17.35%, 17.32% and 34.83% had MHNO, MUNO, MHO, and MUO, respectively. Table 1 summarizes the character
istics of the population.

Table 1 Characteristics of the Study Sample

Characteristics NonObese Participants Obese Participants F P

MHNO (n=975) MUNO (n=555) MHO (n=554) MUO (n=1114)

Age (years) 47.43±10.40 52.33±9.87 48.11±9.88 49.96±9.20 33.83 <0.01

Male (n, %) 526 (53.99) 328 (59.09) 385 (69.46) 790 (70.95) 171.96 <0.01

BMI (kg/m2) 22.41±1.78 23.19±1.43 27.31±1.93 27.93±2.40 1729.23 <0.01

WC (cm) 78.67±7.72 82.65±6.62 91.68±6.55 94.10±7.65 901.61 <0.01

SBP (mmHg) 117.20±13.03 132.23±16.71 122.59±13.92 134.48±15.35 278.02 <0.01

DBP (mmHg) 72.32±8.97 81.49±10.65 76.99±10.31 84.74±10.88 272.23 <0.01

TC (mmol/L) 5.03±0.91 5.28±1.10 5.05±0.87 5.29±1.06 17.64 <0.01

TG (mmol/L) 1.38±0.85 2.58±2.10 1.74±1.12 3.13±2.62 168.92 <0.01

HDL-C (mmol) 1.42±0.30 1.26±0.30 1.27±0.22 1.17±0.24 158.30 <0.01

LDL-C (mmol) 2.94±0.79 2.85±0.92 2.95+0.77 2.74±0.91 12.67 <0.01

FBG (mmol/L) 5.24±0.91 6.32±2.02 5.28±0.68 6.42±1.94 146.16 <0.01

SUA (μmol/L) 332.75±75.30 359.46±81.05 377.77±77.64 396.55±83.09 118.11 <0.01

ALB (g/L) 46.16±2.84 46.30±3.02 46.14±2.75 46.43±2.80 2.13 0.09

ALT (U/L) 23.40±15.58 27.40±21.45 31.29±21.20 36.56±29.29 59.64 <0.01

Scr (μmol/) 74.40±15.43 76.18±19.41 78.84±14.66 79.17±22.51 13.33 <0.01

baPWV (cm/s) 1331.95±229.79 1538.62±299.30 1343.42±222.70 1501.14±273.64 91.92 <0.01

WBC (/L) 5.94±1.58 6.41±1.59 6.31±1.47 6.68±1.72 37.08 <0.01

RBC (/L) 4.78±0.49 4.89±0.50 4.99±0.45 5.04±0.45 54.34 <0.01

Hb (g/L) 145.20±15.74 149.04±14.59 151.80±12.43 154.05±13.31 71.20 <0.01

Smoking (n,%) 274 (31.24) 174 (34.59) 182 (36.84) 414 (42.42) 25.96 <0.01

Drinking (n,%) 318 (36.26) 200 (39.76) 237 (47.98) 519 (51.18) 60.75 <0.01

Exercise (n, %) 113 (12.88) 97 (19.28) 61 (12.34) 128 (13.11) 20.74 <0.01

Sleep (n, %) 316 (36.03) 176 (34.99) 196 (39.68) 400 (40.98) 9.04 0.17

Hypertension (n, %) 49 (5.02) 122 (21.98) 63 (11.37) 328 (29.44) 236.49 <0.01

Diabetes (n, %) 23 (2.36) 92 (16.58) 18 (3.25) 194 (17.41) 182.21 <0.01

NAFLD (n, %) 214 (28.12) 261 (47.02) 386 (69.68) 902 (80.97) 796.75 <0.01

Notes: Data are presented as mean ± standard deviation or median (inter quartile range) for continuous variables, and number (percentage) for 
categorical variables. 
Abbreviations: MHNO, metabolically healthy no obesity; MUNO, metabolically unhealthy no obesity; MHO, metabolically healthy obesity; MUO, 
metabolically unhealthy obesity; BMI, body mass index; WC, waist circumstance; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, 
total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; FBG, fasting blood 
glucose; SUA, serum uric acid; ALB, albumin; ALT, alanine aminotransferase; Scr, serum creatinine; ba PWV, brachial–ankle pulse wave velocity; 
WBC, white blood cells; RBC, red blood cells; Hb, hemoglobin; NAFLD, Nonalcoholic fatty liver disease.
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In general, the clinical and routine laboratory indices, such as waist circumference (WC), total cholesterol (TC), 
serum uric acid (SUA), alanine aminotransferase (ALT), serum creatinine (Scr), brachial–ankle pulse wave velocity 
(baPWV), white blood cells (WBC), red blood cells (RBC), and hemoglobin (Hb) were clearly higher in metabolic 
unhealthy groups than those in metabolically healthy groups regardless of whether they are obese. Of the indicators, we 
found that WC, SUA, ALT, Scr, RBC, and Hb were higher in obese subjects (MHO group and MUO group) than those in 
non-obese subjects (MHNO group and MUNO group), while TC, baPWV and WBC were higher in MUNO group than 
those in MHO group. In terms of history of hypertension, diabetes, and Nonalcoholic fatty liver disease (NAFLD), the 
prevalence of NAFLD in obese subjects was significantly higher than in non-obese subjects, while the prevalence of 
hypertension and diabetes in MUNO group was significantly higher than in MHO group.

When the information of demographics and life styles were considered, compared with individuals with metabolic 
unhealthy phenotypes, individuals who were metabolic health tended to be younger and more likely to be female; they 
were also less likely to smoke or drink.

Missing data were excluded in these analyses, because there were few missing data (325 missing baPWV data, 348 
missing smoking data, 310 missing drinking data, 347 missing exercise, and 348 missing sleep data). No significant 
difference was observed with baPWV (p = 1.00), smoking (p = 1.00), drinking (p = 0.63) and exercise (p = 0.74) in 
multiple imputation sensitivity analysis.

Profiles of Inflammation Based on BMI Categories and Metabolic Health Status
According to metabolic health status by BMI category, hs-CRP and Lp-PLA2 concentrations of the subjects are shown in 
Figure 2. hs-CRP and Lp-PLA2 differed significantly among the four groups (P < 0.05).

In non-obese subjects, post hoc LSD tests found that hs-CRP was significantly higher in metabolically unhealthy 
individuals compared with metabolically healthy individuals. In obese subjects, however, hs-CRP was not significantly 
different between metabolic healthy and unhealthy obese individuals. In addition, hs-CRP in obese and non-obese 
individuals showed significant differences from metabolically healthy individuals. As for Lp-PLA2, the difference 
between MHNO and MUO was significant.

The Distribution of hs-CRP Combined with LP-PLA2 in BMI/Metabolic Category
High hs-CRP was defined as ≥3 m g/L; high Lp-PLA2 was defined as ≥200 ng/mL.

As shown in Figure 3, in each group, low hs-CRP/low LP-PLA2 accounted for the majority of subjects (54.13– 
66.67%) and a downward trend was found in MHNO, MUNO, MHO and MUO groups. Meanwhile, there were 

Figure 2 The level of hs-CRP and LP-PLA2 in four groups. 
Abbreviations: hs-CRP, high-sensitivity C-reactive protein; Lp-PLA2, Lipoprotein-associated Phospholipase A2; MHNO, metabolically healthy no obesity; MUNO, 
metabolically unhealthy no obesity; MHO, metabolically healthy obesity; MUO, metabolically unhealthy obesity.
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significant differences between the MHNO and MUO, MHNO, and MUO according to Bonferroni post hoc analysis. The 
proportion of subjects with high hs-CRP/high LP-PLA2 exhibited an upward trend in the above four groups, increasing 
from 2.46% to 9.51%. Meanwhile, there were significant differences between the MHNO and MUNO group, MHNO and 
MHO group, MHNO and MUO group according to Bonferroni post hoc analysis. Similar trend was seen in the high hs- 
CRP/low LP-PLA2 group, while it was not seen in the low hs-CRP/highLP-PLA2 group.

Correlation Between hs-CRP Combined with Lp-PLA2, and Metabolic Health Status
The associations between inflammatory indexes (hs-CRP, Lp-PLA2) and metabolic health status were further investi
gated in no obesity (n = 1530) and in obesity (n = 1668). As shown in Figure 4, in no obesity, taking low hs-CRP/low Lp- 
PLA2 group as reference, subjects of high hs-CRP/high Lp-PLA2 were over 2-fold the risk of developing metabolic 
unhealthy both in the crude model (OR = 2.67, 95% CI = 1.56–4.56) and in age, sex, smoking, drinking and exercise 
adjusted model (OR = 3.15, 95% CI = 1.69–5.89), and the ORs reached statistical significance (p < 0.01), whereas no 
such connection was found in the obese group.

Discussion
In this cross-sectional study based on health checkup participants, we compared the concentration of hs-CRP and LP- 
PLA2 in each group. In the non-obese subjects, hs-CRP was significantly higher in the MUNO group than that in the 
MHNO group. In obese subjects, however, hs-CRP was not significantly different between MHO group and MUO group. 
This result is similar to previous studies,13,24 even CRP was found decreased in MUO group in other study.25 In addition, 
interestingly, hs-CRP in metabolically healthy individuals was significantly elevated in the obese group than that in non- 
obese. However, in metabolically unhealthy subjects, there was not significantly different between MUNO group and 
MUO group. hs-CRP is a commonly used biomarker of systemic chronic inflammation. Both obese and metabolic 
unhealthy are considered independently associated with the inflammatory profile.26 This might be a probable cause of the 
above results observed in this study. When only one factor, obese or metabolism, was presented, a significant difference 

Figure 3 The distribution of hs-CRP combined with LP-PLA2 in four groups. hs-CRP+ was defined as ≥3 m g/L, hs-CRP- was defined as <3 m g/L; Lp-PLA2+ was defined as 
≥200 ng/mL, Lp-PLA2- was defined as <200 ng/mL. 
Abbreviations: hs-CRP, high-sensitivity C-reactive protein; Lp-PLA2, Lipoprotein-associated Phospholipase A2; MHNO, metabolically healthy no obesity; MUNO, 
metabolically unhealthy no obesity; MHO, metabolically healthy obesity; MUO, metabolically unhealthy obesity.
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was observed between groups (MHNO vs MHO, MUNO vs MHNO), and when obese and metabolism were presented 
simultaneously, there was no significant difference between groups (MUNO vs MUO, MHO vs MUO). Furthermore, 
visceral adipose tissue is a more prominent source of inflammatory adipokines than other fat depots.27,28

In this study, we did not discriminate between overall and abdominal obesity. BMI does not capture information on 
body fat distribution; meanwhile, BMI cannot be used to differentiate excess fat from bone or muscle mass. This was also 
a possible reason for the results. Thirdly, the associations between inflammatory markers and MHO depend on the 
definition used.29 Therefore, the novel precise definition of MHO is necessary, fat mass and fat distribution should be 
considered first instead of only BMI.

As for Lp-PLA2, only the MHNO group significantly differed from the MUO group. Lp-PLA2 is the sole enzyme 
responsible for the hydrolysis of oxidized phospholipids (oxPL) on LDL particles in atherosclerosis plaques. Lp-PLA2 
plays a significant role in the development of atherosclerotic plaque30 and is considered as a biomarker of vulnerability of 
atherosclerosis plaques.31 We found that there was no significant difference in the metabolic health group and metabolic 
unhealthy group regardless of whether the subjects were obese or no obese. The same is true as far as metabolic status is 
concerned. However, the difference in MHNO and MUO was significant. Thus, MUO requires special attention to Lp- 
PLA2 level. Recent study indicates that MUO individuals have larger visceral fat areas (VFAs), and they also have 
greater circulating Lp-PLA2 activity compared to MHO individuals.32 Another study suggests that subjects with a central 
overweight status have a greater Lp-PLA2 level than those with normal weight and a peripheral overweight status.33 The 
results illustrate that the association between Lp-PLA2 and different obesity indicators and the potential mechanisms 
deserve further investigation.

Figure 4 Relationship of hs-CRP combined with Lp-PLA2 and metabolic health status in no obesity and obesity subjects. hs-CRP+ was defined as ≥3 m g/L, hs-CRP- was 
defined as <3 m g/L; Lp-PLA2+ was defined as ≥200 ng/mL, Lp-PLA2- was defined as <200 ng/mL. Model 1, no adjustments; Model 2, adjusted for age, sex, smoking, drinking, 
exercise, and sleep. 
Abbreviations: hs-CRP, high-sensitivity C-reactive protein; Lp-PLA2, Lipoprotein-associated Phospholipase A2.
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Next, we found that the combination of hs-CRP and Lp-PLA2 levels was significantly correlated with metabolic 
unhealthy in non-obese subjects, and the significant association was still present even after was still exist even after being 
adjusted for multi-variables, suggesting that combined hs-CRP and Lp-PLA2 was an independent risk factor for metabolic 
unhealthy in non-obese subjects. The ORs of high hs-CRP/high Lp-PLA2 group were higher than the ORs of high hs-CRP 
/low Lp-PLA2 group and low hs-CRP/high Lp-PLA2 group, indicating the synergism of hs-CRP and Lp-PLA2 on metabolic 
unhealthy in non-obese subjects. However, in obese subjects, only hs-CRP level was significantly correlated with metabolic 
unhealthy with and without adjustment for age, sex, smoking, drinking, exercise, and sleep (Figure 4). The association 
between Lp-PLA2 mass and the risk of metabolic unhealthy failed to reach significance whether in non-obese group or in the 
obese group. Potential reason for this result is that Lp-PLA2 is biomarker for coronary event risk,34 as Lp-PLA2 is produced 
by macrophages and foam cells within atherosclerotic vulnerable plaques. Lp-PLA2 could promote modification of LDL, and 
the modified LDL is a key initiation step in endothelial activation and atherosclerotic-plaque rupture events.34 It is possible 
that a large proportion of metabolic unhealthy subjects did not have atherosclerotic vulnerable plaques.35 Additionally, Lp- 
PLA2 predominantly associates with LDL,30 and lowering LDL levels may have an impact on Lp-PLA2 levels. As metabolic 
unhealthy was defined without LDL, we also found that the LDL was significantly decreased in MUNO than MHNO (p < 
0.05) and significantly decreased in MUO than MHO (p < 0.05). The above results demonstrated that hs-CRP and LP-PLA2 
may have different roles in predicting metabolic unhealthy, and different BMI status should focus on different inflammatory 
indicators. Some studies use systemic inflammation markers such as CRP as criteria for defining metabolic unhealthy; 
however, we found that the correlation between hs-CRP and the risk of metabolic unhealthy did not reach significance in non- 
obese subjects. The hs-CRP and Lp-PLA2 together were significantly associated with metabolic unhealthy in non-obese 
subjects. It prompted us that BMI should be considered when using hs-CRP as criteria for defining metabolic unhealthy.

There were several study limitations. Firstly, the study population was obtained from a physical examination 
population, so the generalization of the results may be limited. Secondly, hs-CRP and LP-PLA2 were determined at 
one time point, and they may fluctuate during the day. Finally, the cross-sectional study design limits our ability to draw 
cause-effect inference.

Overall, we found that the hs-CRP and Lp-PLA2 together were significantly associated with metabolic unhealthy in 
non-obese subjects. hs-CRP level was significantly correlated with metabolic unhealthy in obese subjects. Our findings 
suggested that hs-CRP and LP-PLA2 may have different roles in predicting metabolic unhealthy, and different BMI 
status should focus on different inflammatory indicators.
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