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Purpose: The relationship between adipokine meteorin-like protein (Metrnl) and
postprandial hypertriglyceridemia (PHTG) in overweight and obese populations
remains unclear. This study examined the association between serum Metrnl and
PHTG with normal fasting lipid profiles, using a standardized oral fat tolerance test
(OFTT) to classify fat tolerance. The aim was to explore potential therapeutic
targets for early obesity intervention.

Patients and methods: We enrolled 105 adults with normal fasting lipid profiles
who met Chinese lipid management criteria for low-risk atherosclerotic
cardiovascular disease (ASCVD) prevention. Participants were grouped as
control (CON), overweight (OW), or obese (OB). All underwent an OFTT, with
venous blood collected fasting serum Metrnl, total cholesterol (TC), triglycerides
(TG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), fasting insulin (FINS). Venous blood samples were
collected at 1, 2, 3, and 4 hours postprandially to quantitatively analyze the
dynamic changes in serum lipid profiles.

Results: Serum Metrnl showed a significant negative correlation with PHTG (r =
—-0.473, P <0.001), fasting TG (r = =0.370, P < 0.001), FINS (r = -=0.261, P = 0.007).
Multivariate regression identified fasting TG as a risk factor for PHTG. Each 0.1
mmol/L increment in fasting triglycerides was significantly associated with a
76.9% higher risk of PHTG. Metrnl was identified as protective (OR = 0.211,
P < 0.001), the protective cutoff for Metrnl was 2.11ng/ml. A combined model
of fasting TG and Metrnl improved PHTG prediction over fasting TG or Metrnl
alone, with ROC analysis showing an AUC of 0.908, sensitivity of 82.7%, and
specificity of 90.6%.

Conclusions: Overweight and obese adults with normal fasting lipid profiles are at
high risk of PHTG. Low serum Metrnl is closely associated with early lipid
abnormalities and insulin resistance. Combining Metrnl with TG enhances
diagnostic accuracy for PHTG.
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1 Introduction

Overweight and obesity are escalating global public health
issues. By 2030, it is projected that more than 2.9 billion adults
worldwide will have a high body mass index (BMI > 25 kg/m?), with
1.1 billion meeting the criteria for obesity (1). Overweight and
obesity result from excessive accumulation or abnormal
distribution of adipose tissue, particularly triglycerides, and are
often accompanied by dysregulated adipokine secretion (2). This
dysregulation impairs the regulation of appetite, satiety, fat
distribution, and insulin secretion (3). Obesity and
hyperlipidemia can promote insulin resistance, which in turn
increases the risk of vascular diseases (4). Meteorin-like protein
(Metrnl) is a novel adipokine primarily expressed in white adipose
tissue and widely distributed across human tissues. It regulates
blood triglycerides (TG) levels, exhibits anti-atherosclerotic effects,
and improves insulin resistance (5, 6). Clinical trials and studies in
Metrnl-deficient mice have demonstrated its beneficial role in lipid
metabolism. However, findings regarding circulating Metrnl levels
in obese patients remain inconsistent (7-14), likely due to the
influence of multiple factors.

This study employed a standardized oral fat tolerance test
(OFTT) in overweight and obese individuals with normal fasting
lipid profiles to observe postprandial changes in lipid profiles and
insulin secretion, investigate the relationship between overweight/
obesity and postprandial hypertriglyceridemia (PHTG), and
explore the correlation between Metrnl and these conditions. The
findings aim to provide new insights for atherosclerotic
cardiovascular disease (ASCVD) risk assessment and identify
potential therapeutic targets for obesity-related metabolic disorders.

2 Materials and methods
2.1 Study participants

This study complied with the Declaration of Helsinki and was
approved by the Hebei Provincial Ethics Committee. It was
registered with the Chinese Clinical Trial Registry (Registration
Number: ChiCTR2100048497). In 2024, participants were recruited
from outpatient clinics. Eligible participants were aged 25 to 69
years and classified as low risk for primary prevention of ASCVD, as
defined by the Chinese Lipid Management Guidelines (15), with
normal fasting lipid levels (total cholesterol (TC) < 5.2 mmol/L,
low-density lipoprotein cholesterol (LDL-C) < 3.4 mmol/L,
triglycerides (TG) < 1.7 mmol/L, high-density lipoprotein
cholesterol (HDL-C) < 4.1 mmol/L) and without diabetes.

2.2 Exclusion criteria

1. Individuals with a family history of endocrine-related
diseases or secondary dyslipidemia due to hypothyroidism,
Cushing’s syndrome, immune disorders, cancer, or
excessive alcohol consumption.
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2. Use of lipid-lowering drugs, fish oil, thiazides, non-selective
beta-blockers, glucocorticoids, or contraceptives within the
past three months.

3. History of severe infections, surgery, trauma, or
psychiatric disorders.

4. Food or drug allergies, or intolerance to high-fat or high-
protein foods.

5. Inability to undergo multiple venipunctures due to needle or
blood phobia, as assessed by questionnaire.

2.3 Standardized OFTT

Participants followed a standard diet (avoiding high-fat and
high-protein foods) for one week before the test. After fasting from
10:00 PM the previous day, participants consumed a standardized
OFTT meal at 8:00 AM the following morning (16). The high-fat
meal contained 700 kcal, with 60% from fat (46.7 g), 25% from
protein (43.8 g), and 15% from carbohydrates (26.3 g). The fat
composition included 14.5 g saturated fatty acids, 12.1 g medium-
chain triglycerides, 21.4 g monounsaturated fatty acids, and 10.9 g
polyunsaturated fatty acids. Participants consumed the meal within
10 minutes and refrained from eating or drinking (except water) for
4 hours. Smoking and vigorous exercise were prohibited. Venous
blood samples were collected at 0, 1, 2, 3, and 4 hours
postprandially, centrifuged immediately, and stored at —80°C.

2.4 Biochemical measurements

Fasting blood glucose (FBG), TC, TG, HDL-C, and LDL-C
serum creatinine (Scr) were measured using an automated
biochemical analyzer (Hitachi, Japan). Fasting insulin (FINS) was
quantified by electrochemiluminescence. Metrnl concentrations
were determined using an ELISA kit (FineTest). cystatin C
(CysC) and P2-microglobulin(f2-MG) were measured using
ELISA kits (Jiangsu Aidisheng Biotechnology). BMI was
calculated as weight divided by height squared (kg/m?). The
triglyceride-glucose index (TyG) was computed as LN [fasting TG
(mg/dL) x fasting BG (mg/dL)/2]. The homeostasis model
assessment of insulin resistance (HOMA-IR) was calculated as
[FBG (mmol/L) x FINS (uIU/mL)]/22.5. The endogenous
creatinine clearance rate (eCCr) was estimated using the
Cockcroft-Gault formula: [(140 - age) x weight (kg)]/[0.818 x Scr
(umol/L)]; for females, the result was multiplied by 0.85.

2.5 Group classification

According to the 2024 Chinese guidelines for obesity diagnosis
(17), participants were categorized into normal weight (CON, BMI
18.5-23.9 kg/m?), overweight (OW, BMI 24.0-27.9 kg/m?), and
obese (OB, BMI > 28.0 kg/m?) groups. Based on the 2016 European
lipid consensus and a 2019 study on postprandial triglycerides
(PTG) in overweight populations, PHTG was defined as PTG
>2.0 mmol/L at any postprandial time point (18). Participants
were classified into non-PHTG (NPHTG, PTG < 2.0 mmol/L)
and PHTG (PTG 2= 2.0 mmol/L) groups after the OFTT.
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2.6 Statistical analysis

Data were analyzed using SPSS version 27.0 and GraphPad
Prism version 9.0. The Shapiro-Wilk test assessed the normality of
continuous variables. Normally distributed data are presented as
mean + standard deviation (X + s), whereas non-normally
distributed data are expressed as median (Q1l, Q3). Group
comparisons were conducted using one-way ANOVA, the
Kruskal-Wallis test, or the Bonferroni post hoc test, as
appropriate. Categorical variables are reported as counts and
percentages (n, %), with comparisons performed using chi-square
tests. Pearson or Spearman correlation analysis was applied
depending on data distribution and variance homogeneity.
Univariate and multivariate logistic regression analyses were
conducted to evaluate the relationship between serum Metrnl and
PHTG, and results are reported as odds ratios with 95% confidence
intervals. Receiver operating characteristic (ROC) curve analysis
was used to compare the predictive performance of single indicators
and combined models for PHTG, with DeLong’s test applied to
assess differences in AUC values. Statistical significance was set at
P < 0.05 (two-tailed).

TABLE 1 Comparison of baseline data among BMI groups.

10.3389/fendo.2026.1729571

3 Results

3.1 Comparison of adipokine Metrnl and
baseline data among BMI-based groups

The study included 105 participants: 34 in the CON group, 39
in the OW group, and 32 in the OB group. All groups completed
the OFTT with good tolerance. No significant differences were
observed in sex or age among the groups. Among the three groups,
blood pressuren levels, FBG, LDL-C, Scr, eCcr, 2-MG, CysC
gradually increased (P < 0.05). Moreover, waist-to-hip ratio
(WHR),waist-to-height ratio (WHtR), FINS, HOMA-IR, TG,
and TyG were significantly higher in both the OW and OB
groups compared to the CON group (P < 0.001). The OB group
exhibited even higher WHtR and diastolic blood pressure (DBP)
levels than the OW group (P < 0.05), whereas serum Metrnl levels
and HDL-C levels were lower in the OW and OB groups
compared with the CON group, OB group significantly lower
(P <0.05) (Table 1). These data indicate that individuals who are
overweight or obese, despite having normal fasting blood lipid
profiles, may already show early dyslipidemia, insulin resistance,

Variable CON (n = 34) OW (n = 39) OB (n = 32) Pvalue
Age (Years) 44 (33, 54) 53 (39, 58) 45 (39, 56) 0.101
Sex, male (n, %) 9 (26.5) 18 (46.2) 15 (46.9) 0.149
BMI (kg/m?) 22.09 (21.05,23.26) 25.69 (25.07, 26.66)** 29.01 (28.20, 31.17)** <0.001
WHR 0.81 % 0.06 0.86 + 0.05%* 0.89 + 0.06** <0.001
WHIR 0.46 + 0.04 0.52 + 0.03** 0.57 + 0.05** <0.001
SBP (mmHg) 117.88 + 10.55 123.56 + 11.87 124.84 + 14.52* 0.052
DBP (mmHg) 76.41 + 7.05 77.10 + 6.79 83.19 + 8.96%*# <0.001
FBG (mmol/L) 5.09 (4.83, 5.57) 5.28 (5.02, 5.74) 5.48 (5.17, 5.77)* 0.023
FINS (uIU/mL) 6.17 (4.25, 8.67) 10.44 (8.17, 12.84)** 11.61 (7.77, 14.32)** <0.001
HOMA-IR 1.37 (0.91, 2.15) 2.47 (1.86, 3.31)** 2.96 (1.92,3.73)* <0.001
TC (mmol/L) 4.23+ 0.71 4.30+ 0.48 4.35+ 0.52 0.755
TG (mmol/L) 0.69 (0.59, 0.93) 1.05 (0.86, 1.32)* 1.16 (0.85, 1.42)** <0.001
HDL-C (mmol/L) 1.41% 0.29 1.224 0.19%* 1.20+ 0.24* <0.001
LDL-C (mmol/L) 2.53+ 0.55 2.80 + 0.49% 2.85 + 0.51% 0.025
TyG index 8.04 + 0.35 8.41 + 0.37* 8.46 + 0.33* <0.001
Scr (umol/L) 63.47 + 12.76 68.56 + 10.93 74.80 + 14.70** 0.002
eCCr (mL/min) 100.78 + 20.43 111.94 + 25.19 116.59 + 28.05* 0.030
B2-MG (pg/L) 34.48 + 10.43 43.62 + 1530 48.85 + 21.98* 0.001
CysC (ng/mL) 33.29 (25.29,42.68) 40.60 (30.06, 60.99) 48.61 (31.05, 64.49)* 0.008
Metrnl (ng/mL) 2.33 (2.10,3.25) 2.23 (1.98,2.84) 2.05 (1.53,2.62)* <0.001

Means + SD for normally distributed variables or medians (interquartile range) for non-normally distributed variables.*P < 0.05 vs. CON group; **P < 0.001 vs. CON group. “P < 0.05 vs. OW

group; “*P < 0.001 vs. OW group.

CON, control group; OW, overweight group; OB, obese group; BMI, body mass index; WHR, waist-to-hip ratio; WhtR, waist-to-height ratio;SBP, systolic blood pressure;DBP, diastolic blood
pressure; FBG, fasting blood glucose; FINS, fasting insulin; HOMA-IR, homeostasis model assessment of insulin resistance; TC, total cholesterol; TG, triglyceride; HDL-C, high-density
lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholestero;TyG index, triglyceride-glucose index; Scr, serum creatinine; eCCr, endogenous creatinine clearance rate; B2-MG,p2-
microglobulin; CysC, cystatinC; Metrnl, meteorin-like protein.
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and kidney dysfunction associated with obesity, as well as
decreased circulating levels of the adipokine Metrnl.

3.2 Comparison of OFTT data across BMI-
stratified groups at different times and
incidence of PHTG

During the 0-4hour OGTT period, no statistically significant
differences were observed in TC levels among the three groups at
any time point (P > 0.05).TG and LDL-C levels were significantly
elevated in the OW and OB groups relative to the CON group,
especially the TG level (P < 0.001) (Table 2, Figure 1). HDL-C
concentrations were significantly lower in the OW and OB groups
than in the CON group (P < 0.001) (Table 2). Based on TG

10.3389/fendo.2026.1729571

measurements at each time point during the OFTT and the
diagnostic criteria for PHTG (18), the incidence of PHTG was
32.35% in the CON group, while the OW and OB groups exhibited
significantly higher rates of 51.29% and 65.62%, respectively. A
significant difference in PHTG incidence was observed between the
OW and CON groups (P < 0.05) (Figure 2A). As an indicator of
insulin resistance, the HOMA-IR values in CON group maintained
the normal range, whereas both the OW and OB groups showed
markedly elevated levels compared to the CON group (P < 0.05).
After stratifying the three groups into PHTG and NPHTG
subgroups, HOMA-IR values were consistently higher in the
PHTG subgroup than in the non-PHTG subgroup. Notably, OB
individuals with PHTG exhibited significantly elevated HOMA-IR
levels compared to those in the CON group (P < 0.05) (Figure 2B).

TABLE 2 Plasma lipids, blood glucose, and insulin concentrations in BMI groups during OFTT at different time points.

Before Oh

After 1h

After 2h

After 3h

After 4h

TC (mmol/L)

CON 439 (3.82,4.81) 4.53 (3.83,4.87) 445 (3.80,4.78) 441 (3.79,4.79) 4.15 (3.82,4.62)
ow 4.32 (4.09,4.64) 4.28 (4.05,4.61) 429 (3.96,4.82) 429 (3.96,4.82) 4.46 (3.98,4.91)
OB 439 (3.98,4.76) 4.34 (4.03,4.67) 457 (4.05,4.76) 449 (4.16,4.76) 4.67 (3.92,5.09)
Pvalue 0.974 0.820 0.773 0418 0.095

TG (mmol/L)

CON

0.69 (0.59,0.93)

0.96 (0.76,1.26)

1.35 (1.04,1.90)

1.30 (1.03,2.02)

1.34 (0.93,2.08)

ow 1.05 (0.86,1.32)* 1.41 (1.12,1.70)* 1.98 (1.46,2.51)** 1.92 (1.36,2.66)* 1.82 (1.33,2.71)*
OB 1.18 (0.85,1.43)** 1.53 (1.22,2.03)** 2.17 (1.50,2.71)** 2.12 (1.58,2.84)** 2.18 (1.39,2.94)*
Pvalue <0.001 <0.001 <0.001 <0.01 0.003

HDL-C (mmol/L)

CON

1.46 (1.19,1.63)

1.44 (1.20,1.63)

1.40 (1.19,1.55)

1.40 (1.20,1.59)

1.38 (1.19,1.53)

ow 1.18 (1.07,1.37)** 1.21 (1.06,1.36) 1.23 (1.07,1.35)** 1.17 (1.02,1.28)** 1.15 (1.06,1.35)**
OB 1.16 (1.06,1.62)** 1.16 (1.03,1.24) 1.16 (1.03,1.23)* 1.12 (1.02,1.24)*F 1.13 (0.98,1.25)*
Pvalue 0.001 <0.001 0.001 <0.001 0.002

LDL-C (mmol/L)

CON

2.61 (2.08,2.91)

2.57 (1.98,2.91)

2.43 (2.01,2.83)

245 (2.05,2.86)

2.36 (2.03,2.75)

ow 2.88 (2.37,3.18)* 2.78 (2.32,3.12) 2.70 (2.27,3.09) 2.64 (2.32,3.16) 2.69 (2.36,3.08)*
OB 2.98 (2.47,3.21)* 2.98 (2.42,3.30) 2.99 (2.38,3.17)* 2.81 (2.32,3.15)* 2.99 (2.28,3.26)*
Pvalue 0.046 0.062 0.038 0.046 0.015

FBG (mmol/L)

CON

5.09 (4.83,5.57)

4.97 (4.31,7.04)

5.20 (4.66,6.07)

4.66 (4.04,5.21)

4.89 (4.66,5.17)

ow 5.28 (5.02,5.71) 5.67 (4.99,6.73) 5.62 (5.18,6.61)* 5.19 (4.59,5.56)* 5.24 (4.94,5.61)*
OB 5.48 (5.17,5.77)* 5.96 (5.13,7.65)* 5.60 (5.13,7.18)* 5.04 (4.65,5.73)* 5.26 (4.93,5.66)*
Pvalue 0.016 0.043 0.053 0.022 <0.001

FINS (ulU/mL)

CON

6.18 (4.25,8.67)

34.34 (27.29,48.51)

30.95 (23.62,54.03)

13.8 (6.15,25.41)

5.97 (4.0,10.46)

ow 10.44 (8.17,12.84)* 58.44 (38.69,80.51)* 46.16 (34.55,106.70)* 17.12 (8.48,40.45)* 9.44 (6.39,15.73)*
OB 11.52 (7.71,14.32)** 61.39 (37.59,87.38)* 56.66 (31.10,91.28)* 15.92 (10.34,34.93)* 10.68 (7.66,18.46)**
Pvalue <0.001 0.005 0.025 0.037 0.001

Medians (interquartile range) for non-normally distributed variables. *P < 0.05 vs. CON group; **P < 0.001 vs. CON group.

CON, control group; OW, overweight group; OB, obese group; FBG, Fasting Blood Glucose; FINS, fasting insulin; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein-
cholesterol; LDL-C, low-density lipoprotein-cholesterol.
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FIGURE 1

The findings indicate that individuals with overweight or obesity are
more susceptible to PHTG and exhibit persistently lower HDL-C
levers following meals. Moreover, obese individuals with PHTG
demonstrate heightened insulin resistance.

3.3 Correlation analysis between Metrnl
and clinical indicators

Metrnl levels showed no significant correlation with age or
gender, indicating that its expression is independent of these
demographic factors. Metrnl demonstrated inverse associations
with various indicators of glycolipid metabolism, including BMI,
WHR, WHtR, TG, TyG index, FINS, HOMA-IR, and the
prevalence of PHTG, with the strongest negative correlation
observed for PHTG (r = -0.473, P < 0.001). Regarding obesity-
related renal impairment, Metrnl showed a positive correlation with
eCCr (r = 0.238, P = 0.015) and significant negative correlations
with Scr, B2-MG, and CysC (Table 3). These findings further
substantiate the role of the adipokine Metrnl in glycolipid
metabolism among overweight and obese populations and, for the

1 1 T
2

Time(h)

Trend of TG levels at different time points during the OFTT. The box plot illustrates the distribution of triglyceride (TG) levels in three subject groups
at different time points during the Oral Fat Tolerance Test (OFTT). Boxes represent interquartile ranges (IQRs, 25th—75th percentiles), with horizontal
lines indicating medians; whiskers extend to 1.5XIQR (non-outlier range), and outliers are plotted as individual points.

first time, reveal a significant inverse association between circulating
Metrnl levels and early-stage obesity-related renal injury.

3.4 Binary logistic regression analysis of
Metrnl and PHTG

To further investigate the association between Metrnl and PHTG, a
univariate logistic regression analysis (Model 1) was performed with
PHTG as the dependent variable and indicators that showed
statistically significant differences in Table 2 as independent
variables. The results indicated that male sex (OR = 2.312,
P = 0.040), BMI (OR = 2.0, P = 0.008), HOMA-IR(OR = 1.533,
P =0.008), TGx10 (OR = 1.769, P < 0.001) were risk factors for PHTG,
whereas Metrnl (OR = 0.211, P < 0.001) and HDL-C (OR = 0.096,
P = 0.006) were identified as protective factors (Table 4, Figure 3). After
adjusting age and sex for confounding variables, a multivariate logistic
regression analysis (Model 2) incorporating the above indicators
as independent variables revealed that fasting TGx10 (OR = 2.005
P < 0.001) remained a risk factor for PHTG, while Metrnl (OR = 0.203,
P = 0.006) was confirmed as a protective factor (Table 4, Figure 3).

A.The incidence of PHTG ( %)

mm NPHTG == PHTG

100+

50

Incidence rate ( %)

FIGURE 2

B. HOMA-IR in subjects with PHTG

== NPHTG == PHTG

4=
z 7 .
< [
=
O 2+
I
1-l
0= T T T
CON ow oB

Incidence of PHTG and HOMA-IR levels in subjects across different BMI groups. (A) Incidence of postprandial hypertriglyceridemia (PHTG) and non-
hypertriglyceridemia (NPHTG) in different body weight groups. CON: Normal weight group; OW: Overweight group; OB: Obese group. *P < 0.05 vs.
CON group; **P < 0.001 vs. CON group. (B) Comparison of HOMA-IR between subjects with postprandial hypertriglyceridemia (PHTG) and non-
postprandial hypertriglyceridemia (NPHTG) across different BMI groups. *P < 0.05 vs. CON group; **P < 0.001 vs. CON group.
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TABLE 3 Correlation analysis between Metrnl and clinical indicators.

Variable r Pvalue Variable r Pvalue
Age -0.155 0.114 PHTG 0473 <0.001
Sex male 0.026 0.795 TC -0.146 0.138
BMI -0.265 0.006 TG -0.370 <0.001
WHR 0215 0.028 HDL-C 0.060 0.540
WHIR -0.255 0.009 LDL-C -0.175 0.074
FBG -0.116 0.241 Ser -0.354 <0.001
FINS -0.261 0.007 eCCr 0.238 0.015
HOMA-IR | -0.277 0.004 B2-MG -0.354 <0.001
TyG -0.359 <0.001 CysC 0317 <0.001

BMI, body mass index; WHR, waist-to-hip ratio; WhtR, waist-to-height ratio; FBG, fasting
blood glucose; FINS, fasting insulin; HOMA-IR, homeostasis model assessment of insulin
resistance; TyG index, triglyceride-glucose index;PHTG, postprandial hypertriglyceridemia;
TG, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein-cholesterol; LDL-C,
low-density lipoprotein-cholesterol; Scr, serum creatinine; eCCr, endogenous creatinine
clearance rate; 2-MG,B2-microglobulin; CysC, cystatinC.

To enhance the statistical model and improve the accuracy of data
interpretation, triglyceride concentrations were rescaled by a factor of
ten. The reported estimates represent the change in the probability of
outcome events per 0.1 mmol/L increase in fasting triglyceride levels.
The results indicate that each 0.1 mmol/L increment in fasting
triglycerides was significantly associated with a 76.9% higher risk
of PHTG.

3.5 ROC curve and correlation analysis of
Metrnl and PHTG

To further quantify the contribution of fasting TG as a risk
factor and Metrnl as a protective factor, a predictive model for

TABLE 4 Binary logistic regression analysis of influencing factors for
PHTG.

Variable Bvalue SE Pvalue OR (95%Cl)
Model 1

Sex male 0.838 0.408 0.040 2.312(1.039-5.145)
Age 0.025 0.018 0.176 1.025(0.989-1.062)
BMI 0.693 0.261 0.008 2.0 (1.198-3.336)
HOMA-IR | 0427 0.162 0.008 1.533(1.116-2.105)
TGx10 0.570 0.104 <0.001 1.769(1.443-2.168)
HDL-C -2.345 0.851 0.006 0.096(0.018-0.508)
eCCr -0.014 0.008 0.079 0.986(0.970-1.002)
Metrnl -1.557 0361 <0.001 0.211(0.104-0.427)
Model 2

TGx10 0.695 0.155 <0.001 2.005(1.480-2.715)
Metrnl -1.595 0.580 0.006 0.203(0.065-0.633)

Model 1: Univariate logistic regression analysis. Model 2: Multivariate logistic regression
analysis adjusted for sex, age, BMI, HOMA-IR,eCCr and HDL-C. To facilitate the
interpretation of the odds ratio (OR), the TG variable was scaled by a factor of 10. The
reported odds ratio therefore represents the estimated change in the odds of the outcome per
10-unit increase in the original TG concentration.

BMI, body mass index; HOMA-IR, homeostasis model assessment of insulin resistance; TG,
triglyceride; eCCr, endogenous creatinine clearance rate; HDL-C, high-density lipoprotein-
cholesterol; Metrnl, meteorin-like protein.
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diagnosing PHTG was established. The independent predictive
model for Metrnl was designated as Model-1, the independent
predictive model for fasting TG as Model-2, and the combined
predictive model of Metrnl and fasting TG as Model 3. ROC curve
analysis was performed for all three models. Model 1 had a cutoff
value of 2.11 ng/mL, with an AUC of 0.773, sensitivity of 63.5%, and
specificity of 79.3%. Model 2 had a cutoff value of 1.21 mmol/L, with
an AUC of 0.871, sensitivity of 63.5%, and specificity of 98.1%.
Model 3 achieved an AUC of 0.908, which was significantly higher
than those of Model 1 and Model 2, with sensitivity increased to
82.7% and specificity to 90.6% (Table 5, Figure 4). The predictive
model integrating Metrnl with fasting triglyceride levels shows
improved accuracy in forecasting PHTG.

4 Discussion

At present, fasting serum TG levels are still used as the clinical
standard for diagnosing hypertriglyceridemia (HTG). However,
because the body remains in a postprandial state for most of the
day, postprandial lipid levels are more closely associated with
cardiovascular disease and serve as better indicators of average
lipid exposure (19-22). In clinical practice, we have observed that
overweight and obese individuals frequently present with HTG, and
their risk of ASCVD is significantly higher than that of the general
population. Nevertheless, overweight and obese individuals with

OR(5%CI) P value

Metrnl-{®+ 0.211( 0.104-0.427) P<0.001
HDL-C4p— 0.096( 0.018-0.508) P=0.006
TGH o 1.769( 1.443-2.168) P<0.001
HOMA-IR —o—i 1.533( 1.116-2.105)  P=0.008
BMI —— 2.0 ( 1.198-3.336) P=0.008

S o 2312( 1.039-5.145)  P=0.040

o 1 2 3 4 5 6 7 8
Odds ratio(Modle 1)

OR(95%CI) P value

Metrnl- —a— 0.203( 0.065-0.633) P=0.006

2.005( 1.480-2.715)  P<0.001

TG ——
T 1
0 1 2 3
Odds ration(Model 2)
FIGURE 3

Binary logistic regression analysis of influencing factors for PHTG.
Model 1: Univariate binary logistic regression analysis; Model 2:
Multivariate binary logistic regression analysis after adjusting for sex,
age, BMI, HOMA-IR, eCCr and HDL-C. The x-axis represents the
odds ratio (OR), and the horizontal lines represent the 95%
confidence interval (95%Cl). OR < 1 indicates a protective factor for
PHTG, while OR > 1 indicates a risk factor for PHTG.
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TABLE 5 ROC curve analysis of models predicting PHTG.

AUC(95%ClI) Cutoff value Youden's index  Sensitivity Specificity P value
Model-1 0.773(0.685-0.861) 2.11(ng/ml) 0.428 63.5% 79.3% <0.001
Model-2 0.871(0.807-0.936) 1.21(mmol/L) 0.616 63.5% 98.1% <0.001
Model-3 0.908(0.806-0.965)* — 0.733 82.7% 90.6% <0.001

Model-1: Metrnl for predicting PHTG; Model-2: Fasting TG for predicting PHTG; Model-3 Combined Metrnl and fasting TG prediction. *P<0.001, vs. Model-1.

normal fasting lipid profiles are often considered “metabolically
healthy obese,” and their ASCVD risk may consequently be
underestimated. Therefore, postprandial HTG in overweight and
obese populations requires greater attention and further
investigation (23). In our team’s previous study using a
standardized OFTT, we found that BMI was closely associated
with postprandial HTG?. Individuals with elevated BMI can thus be
considered key groups for monitoring postprandial HTG. At
present, studies focusing specifically on postprandial HTG in
individuals with high BMI are limited. The latest diagnostic
guidelines for overweight and obesity recommend using BMI as
the primary classification criterion, supplemented by at least one
anthropometric index (e.g. WHR or WHIR) as an auxiliary measure
for defining obesity (1). In this study, participants were divided into
overweight and obese groups based on BMI cut-off points of 24 kg/
m* and 28 kg/m?’, respectively. WHR and WHtR were measured
and calculated within each group as auxiliary diagnostic criteria for

Model-1 Model-2 ___ Model-3
AUC=0.77 AUC=0.87 AUC=0.91
100
80
2
2 60-
2
b~
2
S 40—
(/7]
20—
0+ T T T T 1
0 20 40 60 80 100
100% - Specificity%
FIGURE 4

ROC curves of predictive models for PHTG. Comparison of three
predictive models for PHTG. Model 1 represents the Metrnl
independent prediction, the curve takes a negative value of MetrnL.
Model 2 represents the fasting TG independent prediction, and
Model 3 represents the combined Metrnl and fasting TG prediction.
AUC, Area Under the Curve, is a core index for evaluating the
predictive performance of the model, with a larger value indicating
better predictive and discriminatory ability of the model. *P=0.001,
vs. Model-1.
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overweight and obesity. The results showed that WHR and WHtR
in the overweight and obese groups were significantly higher than in
the normal-weight group. The mean WHtR in both groups
exceeded 0.5, meeting the diagnostic cut-off point for central
obesity (24), which was consistent with the BMI-based
classification. Therefore, BMI grouping was used as the main
criterion for defining overweight and obesity in this study. In
2016, the European expert consensus defined PTG > 2.0 mmol/L
at any time after any meal as postprandial HTG (19). A domestic
study on non-fasting HTG in overweight individual (3, 25), used
two cut-oft points (2.0 and 2.26 mmol/L), as recommended by the
European Atherosclerosis Society and the American Heart
Association, to diagnose postprandial HTG. It was found that
even when fasting TG concentrations were within the normal
range, most overweight individuals exhibited PTG > 2.0 mmol/L
at 4 hours after breakfast. These findings suggested that diagnosing
HTG in overweight individuals should rely more on PTG values,
and a cut-off point of 2.0 mmol/L is appropriate for defining
postprandial HTG. Similarly, the European consensus on
postprandial HTG recommended a PTG cut-off of 2.0 mmol/L as
the optimal threshold for predicting cardiovascular risk (15).
Therefore, in the present study, PTG > 2.0 mmol/L was used as
the diagnostic cut-off point for postprandial HTG in overweight
and obese individuals.

All participants in this study had fasting lipid profiles within the
normal clinical range (14). Fasting lipid levels and lipid changes 1 to
4 hours after a meal were used as assessment criteria for early lipid
metabolic disorders. The TyG index was used to evaluate the early
metabolic phenotype of obese individuals (26), while HOMA-IR
was used to assess the degree of insulin resistance. After BMI-based
grouping, fasting TG, INS, HOMA-IR, and the TyG index were
significantly higher in the overweight and obese groups compared
with the control group, while HDL-C was significantly lower. These
findings indicate that early lipid metabolism abnormalities and
insulin resistance were already present in overweight and obese
individuals. Previous studies have demonstrated that for general
ASCVD risk screening, non-fasting blood samples provide
prognostic value comparable to that of fasting samples. Given
practical considerations and the potential to improve patient
compliance, non-fasting sampling is recommended (27).
Postprandial triglyceride (PTG) levels rise modestly following a
normal meal in healthy individuals. In contrast, overweight and
obese individuals demonstrate a markedly greater PTG increase and
a delayed clearance phenomenon (28). In this study, a standardized
and optimized high-fat meal was used for the OFTT. The results
showed that the incidence of PHTG in the overweight and obese
groups was 1.59 and 2.03 times higher, respectively, than that in the
control group. These findings suggest that in overweight and obese
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individuals, PHTG should be emphasized more strongly than
fasting lipid levels when assessing the risk of ASCVD.

In obesity research, numerous adipokines have been identified
as important regulators of lipid metabolism and contributors to the
progression of obesity-related complications (29). With the
development of genomics and metabolomics, the novel adipokine
Metrnl has emerged as a potential key player in metabolic
homeostasis. In a study of overweight individuals, circulating
Metrnl levels were positively correlated with HDL-C and
negatively correlated with LDL-C, small dense LDL, TG, and TC
(11). Experimental studies have demonstrated that Metrnl regulates
energy metabolism and improves glucose homeostasis in obese
mice through multiple pathways (30), enhances pancreatic -cell
function (31), and exerts insulin-sensitizing effects (32, 33).
Consistent with these previous findings (6, 34), the present study
showed that circulating Metrnl levels in overweight and obese
groups exhibited a downward trend, with levels in the obese
group significantly lower than those in the control group. Metrnl
was also negatively correlated with fasting TG and HOMA-IR, and
positively correlated with HDL-C. Monitoring circulating Metrnl
levels in overweight and obese individuals revealed a strong
association between Metrnl and PHTG. Correlation analyses
further demonstrated that fasting Metrnl values were significantly
negatively correlated with PHTG, and with postprandial TG, BG,
and INS levels, while showing a positive correlation with HDL-C
during the OFTT. To further clarify the influencing factors of
PHTG in overweight and obese individuals, univariate and
multivariate binary logistic regression analyses were conducted.
These analyses confirmed that Metrnl acted as a protective factor:
for every 1 ng/mL increase in Metrnl, the risk of PHTG decreased
by 79.7%.

To further quantify the diagnostic cut-off value for PHTG in
overweight and obese individuals, ROC curve analysis showed that
the optimal cut-off point of Metrnl as a protective factor was
2.11 ng/mL, with a sensitivity of 63.5% and a specificity of 79.3%.
Notably, in overweight and obese individuals with normal fasting
lipid profiles, a PHTG prediction model identified fasting TG as a
risk factor, with a cut-off value of 1.21 mmol/L. This value is nearly
identical to the optimal fasting TG threshold of 1.2 mmol/L
recommended in the 2024 European lipid management guidelines
(22). These results suggest that maintaining fasting TG levels below
1.2 mmol/L in overweight and obese individuals can substantially
reduce the risk of PHTG, with a sensitivity of 63.5% and a specificity
of 98.1%. To further enhance diagnostic performance, this study
developed a combined prediction model using both fasting Metrnl
and TG. The combined model increased sensitivity to 82.7%, which
was significantly superior to either marker used independently.

Based on the aforementioned findings, we proceed to discuss
the potential mechanisms through which circulating Metrnl
participates in regulating lipid and glucose metabolism in
overweight and obese individuals, which include the following
aspects: Metrnl exerts a pivotal regulatory role in ameliorating
lipid metabolic disorders and insulin resistance via conserved
signaling pathways and tissue-specific mechanisms (36, 37); at the
molecular level, it activates the AMPK-PPARS pathway to promote
fatty acid oxidation in skeletal muscle and suppress lipid-induced

Frontiers in Endocrinology

10.3389/fendo.2026.1729571

inflammation, while also inducing browning of white adipose tissue
through the STATS6 signaling axis to enhance energy expenditure,
thereby maintaining systemic lipid metabolic homeostasis (34, 38);
concurrently, Metrnl contributes to lipid metabolic balance
indirectly through its regulation of glucose metabolism—under
metabolic stress, it inhibits the transdifferentiation of pancreatic
B-cells into o-cells and activates the WNT/B-catenin pathway,
which in turn suppresses B-cell apoptosis, promotes proliferation,
and ultimately alleviates hyperglycemia-induced B-cell dysfunction
(31, 39). Given that the specific mechanisms underlying Metrnl’s
involvement in postprandial hypertriglyceridemia (PHTG) remain
largely elusive, future studies will involve in vivo animal
experiments and in vitro cellular assays to further elucidate the
Metrnl-mediated lipid metabolic pathways in PHTG, thus refining
our understanding of its comprehensive biological mechanisms in
overweight and obese populations. In conclusion, dysregulation of
the adipokine Metrnl in overweight and obese individuals is closely
associated with the occurrence of PHTG. Circulating Metrnl may
serve as a sensitive and specific biomarker for diagnosing PHTG in
this population. From a clinical perspective, enhancing the
expression or activity of circulating Metrnl may help interrupt the
vicious cycle of lipid metabolism abnormalities in overweight and
obese individuals. Elevated Metrnl levels can reduce the occurrence
of PHTG by improving insulin sensitivity and decreasing TG
synthesis and may therefore represent a promising therapeutic
target for obesity and its related complications. Furthermore,
obesity is a well-established predictor of chronic kidney disease
events and progression to renal failure (28). It can promote
adipocyte secretion of pro-inflammatory adipokines, mediate
inflammation and insulin resistance, and thereby exacerbate renal
damage (35). In the present study, early renal injury markers were
also assessed in overweight and obese participants and analyzed in
relation to circulating Metrnl. The results revealed a negative
correlation between Metrnl levels and Scr, f2-MG, and CysC, and
a positive correlation with eCCr. Previous research has indicated
that Metrnl can preserve mitochondrial integrity by activating the
Sirt3 pathway, thereby mitigating renal lipid accumulation (34).
However, the specific role of Metrnl in early renal injury among
overweight and obese populations, as well as the underlying
mechanisms governing this association, remain to be fully
elucidated in future investigations.

5 Conclusion

Overweight and obese individuals with normal fasting lipid
profiles are at increased risk of postprandial hypertriglyceridemia
(PHTG). In this population, the diagnosis of hypertriglyceridemia
should be based more on postprandial triglyceride (PTG) levels
rather than fasting triglycerides alone. Reduced circulating levels of
Metrnl are significantly associated with early disturbances in lipid
metabolism and insulin resistance among individuals with obesity.

Elevated circulating Metrnl levels (cut-off: 2.11 ng/mL) may
confer protective effects against PHTG, whereas elevated fasting
triglyceride levels (cut-off: 1.2 mmol/L) are linked to an increased
risk of PHTG. The combination of circulating Metrnl and fasting
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triglycerides improves diagnostic sensitivity for identifying PHTG,
suggesting added value in risk stratification.

Circulating Metrnl is closely associated with renal function
impairment in overweight and obese populations and may play a
role in the development of obesity-related kidney disease. However,
limitations remain, including the absence of globally standardized
assays for circulating Metrnl, its current use restricted to research
settings without established clinical utility, and the need for large-scale
prospective studies to validate the proposed protective cut-off value.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author.

Ethics statement

The studies involving humans were approved by Ethics
Committee of Hebei General Hospital. The studies were
conducted in accordance with the local legislation and
institutional requirements. The participants provided their written
informed consent to participate in this study.

Author contributions

XW: Conceptualization, Methodology, Writing — original draft,
Writing - review & editing, Project administration. YT: Data
curation, Investigation, Resources, Writing — review & editing. SZ:
Data curation, Investigation, Validation, Writing - review &
editing. LL: Data curation, Investigation, Resources, Writing -
review & editing. YH: Formal analysis, Methodology, Software,
Writing - review & editing. DL: Formal analysis, Investigation,
Visualization, Writing - review & editing. PT: Investigation,
Software, Supervision, Writing - review & editing. GS: Project
administration, Methodology, Supervision, Funding acquisition,
Writing - review & editing.

Funding

The author(s) declared that financial support was received for
this work and/or its publication. The author declares that this

References

1. World Obesity Federation. World Obesity Atlas 2025: New global, regional and
national estimates of overweight/obesity in adults (2000-2030), contributions to non-

Frontiers in Endocrinology

10.3389/fendo.2026.1729571

research was supported by the National Natural Science
Foundation of China (82170878).

Acknowledgments

The authors gratefully acknowledge the staff at the Clinical
Medical Research Centre of Hebei General Hospital for their
valuable support, the reviewers for their insightful suggestions,
and Editage for providing linguistic editing assistance.

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declared that generative Al was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fendo.2026.1729571/
full#supplementary-material

communicable diseases, and country policy responses (2025). Available online at:
https://data.worldobesity.org/publications/?cat=23 (Accessed May 1, 2025).

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fendo.2026.1729571/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2026.1729571/full#supplementary-material
https://data.worldobesity.org/publications/?cat=23
https://doi.org/10.3389/fendo.2026.1729571
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Wang et al.

2. Perdomo CM, Cohen RV, Sumithran P, Clément K, Frithbeck G. Contemporary
medical, device, and surgical therapies for obesity in adults. Lancet. (2023) 401:1116—
30. doi: 10.1016/S0140-6736(22)02403-5

3. Hou Y, Tian P, Song G, Song A, Liu D, Wang Z, et al. Postprandial triglyceride-rich
lipoproteins as predictors of carotid atherosclerosis in individuals with normal fasting
lipid profiles: a prospective follow-up study. Front Endocrinol (Lausanne). (2025)
16:1502792. doi: 10.3389/fendo.2025.1502792

4. Mayoral LP, Andrade GM, Mayoral EP, Huerta TH, Canseco SP, Rodal Canales FJ,
et al. Obesity subtypes, related biomarkers & heterogeneity. Indian ] Med Res. (2020)
151:11-21. doi: 10.4103/ijmr.JJMR_1768_17

5. Qi Q, Hu WJ, Zheng SL, Zhang SL, Le YY, Li ZY, et al. Metrnl deficiency decreases
blood HDL cholesterol and increases blood triglyceride. Acta Pharmacol Sin. (2020)
41:1568-75. doi: 10.1038/s41401-020-0368-8

6. Ding X, Chang X, Wang J, Bian N, An Y, Wang G, et al. Serum Metrnl levels are
decreased in subjects with overweight or obesity and are independently associated with
adverse lipid profile. Front Endocrinol (Lausanne). (2022) 13:938341. doi: 10.3389/
fendo.2022.938341

7. AlKhairi I, Cherian P, Abu-Farha M, Madhoun AA, Nizam R, Melhem M, et al.
Increased expression of meteorin-like hormone in type 2 diabetes and obesity and its
association with irisin. Cells. (2019) 8:1283. doi: 10.3390/cells8101283

8. Wang K, Li F, Wang C, Deng Y, Cao Z, Cui Y, et al. Serum levels of meteorin-like
(Metrnl) are increased in patients with newly diagnosed type 2 diabetes mellitus and are
associated with insulin resistance. Med Sci Monit. (2019) 25:2337-43. doi: 10.12659/
MSM.915331

9. Loffler D, Landgraf K, Rockstroh D, Schwartze JT, Dunzendorfer H, Kiess W, et al.
METRNL decreases during adipogenesis and inhibits adipocyte differentiation leading
to adipocyte hypertrophy in humans. Int ] Obes (Lond). (2017) 41:112-9. doi: 10.1038/
ij0.2016.180

10. Jamal MH, AlOtaibi F, Dsouza C, Al-Sabah S, Al-Khaledi G, Al-Ali W, et al.
Changes in the expression of meteorin-like (METRNL), irisin (FNDC5), and
uncoupling proteins (UCPs) after bariatric surgery. Obes (Silver Spring). (2022)
30:1629-38. doi: 10.1002/0by.23473

11. Fouani FZ, Fadaei R, Moradi N, Zandieh Z, Ansaripour S, Yekaninejad MS, et al.
Circulating levels of Meteorin-like protein in polycystic ovary syndrome: A case-
control study. PloS One. (2020) 15:€0231943. doi: 10.1371/journal.pone.0231943

12. Pellitero S, Piquer-Garcia I, Ferrer-Curriu G, Puig R, Martinez E, Moreno P, et al.
Opposite changes in meteorin-like and oncostatin m levels are associated with
metabolic improvements after bariatric surgery. Int J Obes (Lond). (2018) 42:919-22.
doi: 10.1038/1j0.2017.268

13. Moradi N, Fadaei R, Roozbehkia M, Nourbakhsh M, Nourbakhsh M, Razzaghy-
Azar M, et al. Meteorin-like protein and asprosin levels in children and adolescents
with obesity and their relationship with insulin resistance and metabolic syndrome. Lab
Med. (2023) 54:457-63. doi: 10.1093/labmed/Imac152

14. Chung HS, Hwang SY, Choi JH, Lee HJ, Kim NH, Yoo HJ, et al. Implications of
circulating Meteorin-like (Metrnl) level in human subjects with type 2 diabetes.
Diabetes Res Clin Pract. (2018) 136:100-7. doi: 10.1016/j.diabres.2017.11.031

15. LiJJ, Zhao SP, Zhao D, Lu GP, Peng DQ, Liu J, et al. 2023 Chinese guideline for lipid
management. Front Pharmacol. (2023) 14:1190934. doi: 10.3389/fphar.2023.1190934

16. HouY, Ma Q, Song G, Hou X, Lu Y, Tian P, et al. Optimization of oral fat tolerance test.
Chin ] Endocrinol Metab. (2024) 40:204-11. doi: 10.3760/cma.j.cn311282-20231122-00178

17. Department of Medical Administration and National Health Commission of the
People’s Republic of China. Chinese guidelines for the clinical management of obesity
(2024 edition). Med ] Peking Union Med Coll Hosp. (2025) 16:90-108. doi: 10.12290/
xhyxzz.2024-0918

18. Kolovou GD, Mikhailidis DP, Kovar J, Lairon D, Nordestgaard BG, Ooi TC, et al.
Assessment and clinical relevance of non-fasting and postprandial triglycerides: an
expert panel statement. Curr Vasc Pharmacol. (2011) 9:258-70. doi: 10.2174/
157016111795495549

19. Nordestgaard BG, Langsted A, Mora S, Kolovou G, Baum H, Bruckert E, et al.
Fasting is not routinely required for determination of a lipid profile: clinical and
laboratory implications including flagging at desirable concentration cut-points-a joint
consensus statement from the European Atherosclerosis Society and European
Federation of Clinical Chemistry and Laboratory Medicine. Eur Heart ]. (2016)
37:1944-58. doi: 10.1093/eurheartj/ehw152

20. Virani SS, Morris PB, Agarwala A, Ballantyne CM, Birtcher KK, Kris-Etherton PM,
etal. 2021 ACC expert consensus decision pathway on the management of ASCVD risk
reduction in patients with persistent hypertriglyceridemia: A report of the American

Frontiers in Endocrinology

10

10.3389/fendo.2026.1729571

college of cardiology solution set oversight committee. ] Am Coll Cardiol. (2021)
78:960-93. doi: 10.1016/j.jacc.2021.06.011

21. Toth PP, Shah PK, Lepor NE. Targeting hypertriglyceridemia to mitigate
cardiovascular risk: A review. Am ] Prev Cardiol. (2020) 3:100086. doi: 10.1016/
j.2jpc.2020.100086

22. Ginsberg HN, Packard CJ, Chapman MJ, Borén J, Aguilar-Salinas CA, Averna M,
et al. Triglyceride-rich lipoproteins and their remnants: metabolic insights, role in
atherosclerotic cardiovascular disease, and emerging therapeutic strategies-a consensus
statement from the European Atherosclerosis Society. Eur Heart J. (2021) 42:4791-806.
doi: 10.1093/eurheartj/ehab551

23. Hossain M, Ahmed F, Suhrawardy SM, Hoque M, Khatun M, Akter N. Study on
relationship between postprandial triglycerides with overweight and obesity. |
Chittagong Med Coll Teachers’ Assoc (JCMCTA). (2016) 27:67-71. doi: 10.3329/
jemcta.v27i2.62368

24. Browning LM, Hsieh SD, Ashwell M. A systematic review of waist-to-height ratio
as a screening tool for the prediction of cardiovascular disease and diabetes: 0-5 could
be a suitable global boundary value. Nutr Res Rev. (2010) 23:247-69. doi: 10.1017/
50954422410000144

25. Tian F, Xiang QY, Zhang MY, Chen YQ, Lin QZ, Wen T, et al. Changes in non-
fasting concentrations of blood lipids after a daily Chinese breakfast in overweight
subjects without fasting hypertriglyceridemia. Clin Chim Acta. (2019) 490:147-53.
doi: 10.1016/j.cca.2019.01.004

26. El-Sehrawy A, Khachatryan LG, Kubaev A, Rekha MM, Rab SO, Kaur M, et al.
Triglyceride-glucose index: a potent predictor of metabolic risk factors and eating
behavior patterns among obese individuals. BMC Endocr Disord. (2025) 25:71.
doi: 10.1186/s12902-025-01887-3

27. Laufs U, Parhofer KG, Ginsberg HN, Hegele RA. Clinical review on triglycerides.
Eur Heart J. (2020) 41:99-109c. doi: 10.1093/eurheartj/ehz785

28. Conley MM, McFarlane CM, Johnson DW, Kelly JT, Campbell KL, MacLaughlin
HL. Interventions for weight loss in people with chronic kidney disease who are
overweight or obese. Cochrane Database Syst Rev. (2021) 3:CD013119. doi: 10.1002/
14651858.CD013119.pub2

29. Donato J]Jr. Programming of metabolism by adipokines during development. Nat
Rev Endocrinol. (2023) 19:385-97. doi: 10.1038/s41574-023-00828-1

30. Rao RR, Long JZ, White JP, Svensson KJ, Lou J, Lokurkar I, et al. Meteorin-like is a
hormone that regulates immune-adipose interactions to increase beige fat
thermogenesis. Cell. (2014) 157:1279-91. doi: 10.1016/j.cell.2014.03.065

31. Hu W, Wang R, Sun B. Meteorin-like ameliorates B Cell function by inhibiting B
Cell apoptosis of and promoting B Cell proliferation via activating the WNT/B-catenin
pathway. Front Pharmacol. (2021) 12:627147. doi: 10.3389/fphar.2021.627147

32. Li ZY, Song J, Zheng SL, Fan MB, Guan YF, Qu Y, et al. Adipocyte metrnl
antagonizes insulin resistance through PPARY Signaling. Diabetes. (2015) 64:4011-22.
doi: 10.2337/db15-0274

33. Jung TW, Lee SH, Kim HC, Bang JS, Abd El-Aty AM, Hacimiiftiioglu A, et al.
METRNL attenuates lipid-induced inflammation and insulin resistance via AMPK or
PPARS-dependent pathways in skeletal muscle of mice. Exp Mol Med. (2018) 50:1-11.
doi: 10.1038/s12276-018-0147-5

34. Zhou Y, Liu L, Jin B, Wu Y, Xu L, Chang X, et al. Metrnl alleviates lipid
accumulation by modulating mitochondrial homeostasis in diabetic nephropathy.
Diabetes. (2023) 72:611-26. doi: 10.2337/db22-0680

35. Wang M, Wang Z, Chen Y, Dong Y. Kidney damage caused by obesity and its
feasible treatment drugs. Int J Mol Sci. (2022) 23:747. doi: 10.3390/ijms23020747

36. Miao ZW, Chen ], Chen CX, Zheng SL, Zhao HY, Miao CY. Metrnl as a secreted
protein: Discovery and cardiovascular research. Pharmacol Ther. (2024) 263:108730.
doi: 10.1016/j.pharmthera.2024.108730

37. Dong WS, Hu C, Hu M, Gao YP, Hu YX, Li K, et al. Metrnl: a promising biomarker
and therapeutic target for cardiovascular and metabolic diseases. Cell Commun Signal.
(2024) 22:389. doi: 10.1186/512964-024-01767-8

38. LiZ, Gao Z, Sun T, Zhang S, Yang S, Zheng M, et al. Meteorin-like/Metrnl, a novel
secreted protein implicated in inflammation, immunology, and metabolism: A
comprehensive review of preclinical and clinical studies. Front Immunol. (2023)
14:1098570. doi: 10.3389/fimmu.2023.1098570

39. Zhou Y, Hu L, Zhuang R, Song L, Chang X, Liu L, et al. METRNL represses
beta-to-alpha cell trans-differentiation to maintain beta cell function under
diabetic metabolic stress in mice. Diabetologia. (2025) 68:1769-88. doi: 10.1007/
500125-025-06459-7

frontiersin.org


https://doi.org/10.1016/S0140-6736(22)02403-5
https://doi.org/10.3389/fendo.2025.1502792
https://doi.org/10.4103/ijmr.IJMR_1768_17
https://doi.org/10.1038/s41401-020-0368-8
https://doi.org/10.3389/fendo.2022.938341
https://doi.org/10.3389/fendo.2022.938341
https://doi.org/10.3390/cells8101283
https://doi.org/10.12659/MSM.915331
https://doi.org/10.12659/MSM.915331
https://doi.org/10.1038/ijo.2016.180
https://doi.org/10.1038/ijo.2016.180
https://doi.org/10.1002/oby.23473
https://doi.org/10.1371/journal.pone.0231943
https://doi.org/10.1038/ijo.2017.268
https://doi.org/10.1093/labmed/lmac152
https://doi.org/10.1016/j.diabres.2017.11.031
https://doi.org/10.3389/fphar.2023.1190934
https://doi.org/10.3760/cma.j.cn311282-20231122-00178
https://doi.org/10.12290/xhyxzz.2024-0918
https://doi.org/10.12290/xhyxzz.2024-0918
https://doi.org/10.2174/157016111795495549
https://doi.org/10.2174/157016111795495549
https://doi.org/10.1093/eurheartj/ehw152
https://doi.org/10.1016/j.jacc.2021.06.011
https://doi.org/10.1016/j.ajpc.2020.100086
https://doi.org/10.1016/j.ajpc.2020.100086
https://doi.org/10.1093/eurheartj/ehab551
https://doi.org/10.3329/jcmcta.v27i2.62368
https://doi.org/10.3329/jcmcta.v27i2.62368
https://doi.org/10.1017/S0954422410000144
https://doi.org/10.1017/S0954422410000144
https://doi.org/10.1016/j.cca.2019.01.004
https://doi.org/10.1186/s12902-025-01887-3
https://doi.org/10.1093/eurheartj/ehz785
https://doi.org/10.1002/14651858.CD013119.pub2
https://doi.org/10.1002/14651858.CD013119.pub2
https://doi.org/10.1038/s41574-023-00828-1
https://doi.org/10.1016/j.cell.2014.03.065
https://doi.org/10.3389/fphar.2021.627147
https://doi.org/10.2337/db15-0274
https://doi.org/10.1038/s12276-018-0147-5
https://doi.org/10.2337/db22-0680
https://doi.org/10.3390/ijms23020747
https://doi.org/10.1016/j.pharmthera.2024.108730
https://doi.org/10.1186/s12964-024-01767-8
https://doi.org/10.3389/fimmu.2023.1098570
https://doi.org/10.1007/s00125-025-06459-7
https://doi.org/10.1007/s00125-025-06459-7
https://doi.org/10.3389/fendo.2026.1729571
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Metrnl as a predictive biomarker for postprandial hypertriglyceridemia in overweight and obese populations
	1 Introduction
	2 Materials and methods
	2.1 Study participants
	2.2 Exclusion criteria
	2.3 Standardized OFTT
	2.4 Biochemical measurements
	2.5 Group classification
	2.6 Statistical analysis

	3 Results
	3.1 Comparison of adipokine Metrnl and baseline data among BMI-based groups
	3.2 Comparison of OFTT data across BMI-stratified groups at different times and incidence of PHTG
	3.3 Correlation analysis between Metrnl and clinical indicators
	3.4 Binary logistic regression analysis of Metrnl and PHTG
	3.5 ROC curve and correlation analysis of Metrnl and PHTG

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References




