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Abstract 

Background

Leptin and adiponectin link adiposity with metabolic regulation. While their fasting lev-

els have been extensively studied, little is known about their postprandial dynamics, 

and it is generally assumed that their concentration is unaffected by food intake.

Objective

To evaluate the postprandial responses of leptin and adiponectin following two 

standardized meals differing in macronutrient composition, in adults with and without 

obesity.

Methods

In 79 adults (43 women, 36 men; 47% with obesity), we investigated whether meal 

composition influences adipokine responses. Participants completed two standard-

ized mixed-meal tolerance tests: a high-carbohydrate meal (60% carbohydrate, 20% 

fat, 20% protein) and a high-fat meal (50% fat, 30% carbohydrate, 20% protein). 

Blood samples were collected at baseline and after 60, 120, and 360 minutes. Data 

were evaluated using linear mixed-effects models.
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Results

Women exhibited higher leptin and adiponectin concentrations than men (p < 0.001). 

Participants with obesity had higher leptin and lower adiponectin across all time 

points (p < 0.001) with both meals. In mixed-effects models, Sex and BMI were signif-

icant predictors of both concentrations of adipokines. Meal type significantly influ-

enced leptin trajectories, with leptin concentrations having a progressive decline after 

the high-fat meal; in contrast, they did not change significantly after the  

high-carbohydrate meal. Adiponectin concentration showed only modest time-related 

changes but was not significantly modified by meal composition.

Conclusions

Sex and BMI are significant determinants of the postprandial dynamics of leptin and 

adiponectin, while meal composition, especially high-fat meals, influences leptin con-

centrations. These observations underscore the importance of considering postpran-

dial dynamics rather than basal levels for assessing metabolic health. The reductions 

in leptin, particularly in individuals with obesity, could potentially influence  

satiety-related pathways, although this hypothesis requires confirmation in studies 

directly assessing appetite and energy intake.

Introduction

Leptin and adiponectin are among the most extensively studied adipokines due to 
their roles in regulating energy balance, as well as glucose and lipid metabolism. 
Predominantly secreted by adipose tissue, leptin is also produced in smaller amounts 
by skeletal muscle, gastric mucosa, and salivary glands. [1]. It communicates with 
the central nervous system, particularly to the hypothalamus, regarding the body’s 
energy reserves and, thereby, influences appetite and energy expenditure [2].

Although leptin is generally considered a long-term regulator of energy balance, 
evidence suggests that its secretion may also respond to dietary composition in the 
postprandial state. For example, resistant starch supplementation has been shown 
to reduce circulating leptin concentrations independently of changes in body com-
position [3]. In contrast, low-carbohydrate, high-fat diets have demonstrated variable 
effects, ranging from leptin resistance to reductions mediated by insulin and glucose 
dynamics [3,4].

Adiponectin exerts anti-inflammatory and insulin-sensitizing effects in receptors 
expressed in the liver, skeletal muscle, pancreas, and vasculature [5]. Low adiponec-
tin levels are consistently associated with metabolic disorders such as type 2 diabe-
tes (T2D), hypertension, and coronary artery disease [6–8].

Dietary factors, including monounsaturated and polyunsaturated fatty acids, fiber, 
and polyphenols, have been positively associated with adiponectin concentrations, 
whereas high-glycemic index diets tend to suppress its circulating levels [6,7]. These 
adipokines are regulated through complex mechanisms, often showing paradoxical 
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associations: elevated leptin levels (particularly, leptin resistance) are correlated with an increased cardiometabolic risk. In 
contrast, excessively high adiponectin levels are observed in people with chronic inflammation or advanced cardiovascu-
lar disease (CVD) [5].

Despite extensive research on fasting levels, little is known about their postprandial dynamics, particularly regarding 
meals with differing macronutrient compositions. Findings remain inconsistent: some studies report no changes in leptin 
postprandially, while others describe increases in normal-weight individuals and decreases in those with obesity. For adi-
ponectin, discrepancies have also been observed, likely attributable to differences in study design, meal composition, and 
participant characteristics [6,9].

To address the gaps, we aimed to evaluate leptin and adiponectin trajectories during a mixed-meal tolerance test 
(MMTT) after two standardized meals differing in macronutrient composition, in adults with and without obesity. This 
design allowed us to assess whether body composition and the dietary fat-to-carbohydrate ratio differentially modulate 
postprandial adipokine responses. Understanding these dynamics may help identify early markers of metabolic dysfunc-
tion in populations with high obesity prevalence.

Methods

Study design and participants

This cross-sectional study is part of the Mexican Biobank for Metabolic Diseases Project (BIOMEM) and was conducted 
at the Unidad de Investigación de Enfermedades Metabólicas (UIEM) at the Instituto Nacional de Ciencias Médicas y 
Nutrición “Salvador Zubirán” (INCMNSZ). The institutional Ethics in Human Research Committee assessed and approved 
the protocol (reference number 3722), and all participants provided written and witnessed informed consent (by paper-
based autograph signature). Recruitment started on July 1st, 2022, and finished on July 31st, 2025. This study was con-
ducted in accordance with the STROBE guidelines for cross-sectional studies.

The enrolled participants were Mexican adults with a body mass index (BMI) between 18.5 and 34.9 kg/m2. Participants 
were excluded if they had a prior diagnosis of type 1 or type 2 diabetes, were pregnant or lactating, or were currently 
using medications known to affect glucose or lipid metabolism (e.g., immunosuppressants, antibiotics, statins, fibrates, or 
metformin). Additional exclusion criteria included chronic liver disease or serum transaminase levels ≥ 3 times the upper 
limit of normal, history of celiac disease or short bowel syndrome, previous bariatric surgery, or consumption of dietary 
supplements such as protein powders, creatine, or omega-3 fatty acids.

Clinical and biochemical data

Blood pressure and vital signs were assessed at baseline. Anthropometric measurements included body weight, height, 
and waist and hip circumferences. Body composition was evaluated by dual-energy X-ray absorptiometry (DXA; GE Lunar 
Prodigy Advance, Encore software version 16.10), providing estimates of total fat mass, lean mass, and visceral adipose 
tissue (VAT). Obesity was defined as a body mass index (BMI) ≥ 30 kg/m2.

Fasting venous blood samples were collected at baseline (0 min) and at 60, 120, and 360 minutes after meal ingestion 
to measure leptin (ng/mL) and adiponectin (µg/mL) concentrations. Serum levels were measured using commercially 
available ELISA kits (Millipore®, Sigma-Aldrich, Burlington, MA, EZHL-80SK for leptin and EZHADP-61BK for adiponectin), 
following the manufacturer’s protocols.

Standardized test meals

Participants completed two test visits within the same week, each visit involving a standardized mixed meal differing in 
macronutrient composition: a high-carbohydrate, low-fat meal (60% carbohydrate, 20% fat, 20% protein) and a high-
fat, low-carbohydrate meal (50% fat, 30% carbohydrate, 20% protein). The order of meal administration was randomly 
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assigned for each participant. The interval between visits did not exceed seven days, as the outcomes evaluated were 
acute postprandial responses; no formal washout period was implemented. This approach was intentionally selected to 
avoid changes in habitual diet or lifestyle behaviours during acute postprandial responses under comparable baseline 
conditions. Both meals were designed to resemble a standard breakfast of this population. To minimize variability, all 
participants consumed a standardized dinner the evening before each test day. This consisted of a commercially formu-
lated, standardized beverage (237 ml) manufactured under controlled pharmaceutical-grade conditions with the following 
composition: (63% carbohydrate, 22% fat, 15%). The specific food items and quantities are detailed in S1 Table.

The primary outcomes were serum leptin and adiponectin concentrations measured at 0, 60, 120, and 360 minutes 
after meal ingestion. The main exposure was meal type (high-carbohydrate vs. high-fat standardized meal), and the time 
after meal ingestion was treated as a continuous predictor. Sex and BMI were included as key predictors. Obesity status 
(BMI ≥ 30 kg/m²) was evaluated as a potential effect modifier of postprandial adipokine responses via interaction terms 
with meal type. Potential confounders were addressed through strict eligibility criteria, standardized pre-test meals, and 
multivariable modeling.

Some strategies were implemented to minimize potential bias. We defined strict eligibility criteria, excluding individuals 
with diabetes, chronic liver disease, or medications known to affect glucose or lipid metabolism. Measurement bias was 
minimized by using standardized protocols for anthropometric assessments, DXA-derived body composition measure-
ments, and commercially validated ELISA assays for adipokine quantification.

To reduce within- and between-subject variability, a repeated-measures design was employed in which all participants 
completed both meal challenges under standardized conditions. Potential confounding was addressed using multivariable 
mixed-effects models that adjusted for sex, BMI, time, and meal type.

Statistical analysis

Using simr, we estimated that a sample size of n ~ 60 would yield a statistical power of at least 80% to observe physio-
logically relevant (defined as d = 0.6) differences in postprandial adiponectin and leptin between two groups with a linear 
mixed effects model that treats identity as a random effect and observes between 4 and 6 timepoints. However, more 
participants were recruited to allow for drop-outs and missing data.

All statistical analyses were performed using R version 4.4.3 (R Foundation for Statistical Computing) with RStudio ver-
sion 2025.05.0. Continuous variables are presented as mean, standard deviation (SD), and categorical variables as fre-
quencies and percentages. Baseline characteristics were compared between groups using the Wilcoxon rank-sum test for 
continuous variables and the chi-square test for categorical variables. In the linear mixed-effects models, time was mod-
eled as a continuous variable (in minutes), allowing the model to estimate a single average rate of change in adipokine 
concentration per minute across the postprandial period. Model assumptions were evaluated through residual diagnostics, 
including visual inspection of histograms and standard Q-Q plots of the residuals, which supported the assumption of 
approximate normality.

For postprandial analyses, leptin and adiponectin concentrations were assessed at baseline (0 min) and at 60, 120, 
and 360 min after each standardized meal (carbohydrate-rich and fat-rich). Between-group comparisons (by meal type or 
obesity status) at individual time points were performed using the Wilcoxon rank-sum test to assess between-group differ-
ences at specific postprandial time points, providing pointwise comparisons.

To evaluate overall postprandial trajectories across all time points, linear mixed- effects models were fitted using the 
lmer function from the lmerTest package, with Satterthwaite’s method to estimate degrees of freedom [10]. Fixed effects 
included time, sex, BMI, and meal type, while individual participants were included as random intercepts to account for 
repeated measurements within participants. Model assumptions were evaluated using residual diagnostics, including his-
tograms and standard Q-Q plots. Explained variance was quantified using conditional and marginal R2 derived from the de 
MuMIn: r.squaredGLMM function.
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Models included interaction terms between BMI and meal type. Model estimates (β) represent the rate of change in 
hormone concentration (ng/mL for leptin and µg/mL for adiponectin) per minute or the difference in rate of change per 
minute. Fixed effects included time, sex, BMI, and meal type, and the interaction between BMI and meal type. Individual 
participants were included as random intercepts to account for repeated measurements within participants.

A two-sided p-value <0.05 was considered statistically significant. All plots were produced using ggplot2. Missing data 
were treated intrinsically with the choice of linear mixed effects models. No data were imputed since there were no miss-
ing outcome data.

Results

Baseline characteristics of participants

A total of 79 participants were included (43 women and 36 men). Women showed significantly higher leptin (41.90 ± 24.27 
vs. 17.43 ± 12.86 ng/mL, p < 0.001) and adiponectin concentrations (12.29 ± 5.51 vs. 8.09 ± 2.76 µg/mL, p < 0.001) than 
men. As well as higher HDL concentration levels, compared with men (Table 1). All participants completed both phases.

In contrast, men exhibited higher glucose and triglyceride concentrations, as well as higher systolic and diastolic blood 
pressure values. Regarding anthropometric measurements, men had greater height and weight, whereas women had 
higher fat mass. Overall, 46.5% of women (n = 20) and 47.2% of men (n = 17) were classified as having obesity, while 
53.5% of women (n = 23) and 52.8% of men (n = 19) were classified as not having obesity (Table 1).

Table 1.  Baseline characteristics of the participants stratified by Sex.

Variable Women (n = 43) Men (n = 36) p-value

Biochemical parameters

Leptin (ng/mL) 41.90 (24.27) 17.43 (12.86) <0.001

Adiponectin (µg/mL) 12.29 (5.51) 8.09 (2.76) <0.001

Insulin (µU/mL) 12.13 (7.11) 15.23 (9.12) 0.094

Glucose (mg/dL) 94.88 (13.85) 102.58 (11.77) 0.010

Triglycerides (mg/dL) 140.91 (64.47) 182.47 (91.60) 0.021

Total cholesterol (mg/dL) 185.86 (35.55) 191.69 (38.21) 0.485

HDL cholesterol (mg/dL) 49.93 (12.93) 37.25 (7.84) <0.001

LDL cholesterol (mg/dL) 108.37 (30.96) 117.82 (30.75) 0.216

Anthropometric measurements

Age (years) 49.17 (15.96) 52.49 (14.37) 0.345

Weight (kg) 72.49 (16.07) 89.27 (18.80) <0.001

Height (cm) 156.44 (7.26) 168.54 (7.07) <0.001

BMI (kg/m²) 29.63 (6.23) 31.40 (6.30) 0.215

Waist circumference (cm) 93.65 (15.33) 106.49 (14.19) <0.001

Hip circumference (cm) 106.87 (12.09) 104.76 (8.31) 0.379

Fat mass (kg) 30.36 (12.42) 31.88 (13.94) 0.610

Lean mass (kg) 43.11 (9.83) 49.02 (9.86) 0.011

Visceral adipose tissue (kg) 1.60 (0.70) 1.32 (0.89) 0.136

Clinical parameters

Systolic blood pressure (mmHg) 110.79 (24.15) 129.08 (22.73) 0.001

Diastolic blood pressure (mmHg) 70.02 (8.41) 77.00 (9.08) 0.001

Obesity (BMI  >= 30) (%) 20 (46.5) 17 (47.2) 1.000

Notes: Values are presented as mean (standard deviation). Comparisons between groups were performed using the Wilcoxon rank-sum test, and pro-
portions were compared using Chi-squared tests.

https://doi.org/10.1371/journal.pone.0349380.t001
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Mixed effects models

Mixed-effects model results are presented in Tables 2 and 3. In contrast, pointwise comparisons of leptin and adiponec-
tin between meal types and obesity status at each postprandial time point are presented in S2–S5 Tables. In the linear 
mixed-effects models (Tables 2 and 3), fixed-effect coefficients represent the average change in adipokine concentration 
associated with each predictor, while accounting for repeated measurements within individuals through subject-level ran-
dom intercepts.

The coefficient for time reflects the average rate of change in leptin (ng/mL) or adiponectin (µg/mL) concentration per 
minute during the postprandial period. Women and the high-fat meal were used as reference categories for sex and meal 
type, respectively. Random-effects estimates indicated between-subject variability, with adjusted intraclass correlation 
coefficients of 0.79 for leptin and 0.87 for adiponectin, supporting the use of subject-level random intercepts to account for 
repeated postprandial measurements. All fixed-effect estimates are presented with their corresponding 95% confidence 
intervals.

As summarized in Table 2, the leptin mixed-effects model included time, sex, BMI, meal type, and the interaction 
between BMI and meal composition as fixed effects, all of which were significant predictors of postprandial leptin con-
centrations. The negative time coefficient (β = −0.004) indicates a modest overall decline in leptin concentrations across 
the postprandial period. Men had lower leptin concentrations than women (β = −26.05), while higher BMI was associated 
with higher leptin concentrations (β = 2.34). In addition, the positive β coefficient for the high-carbohydrate meal (β = 5.93) 
indicates higher leptin concentrations compared with the high-fat meal. Still, the negative BMI x high-carbohydrate meal 

Table 2.  Mixed-effects models evaluating postprandial leptin (n = 79).

Leptin ~ Time + Sex + BMI*Meal Type + (1|ID) β Standard Error 95% CI p-value

Time −0.004 0.001 −0.0078, −0.0005 0.03

Men −26.05 2.85 −31.64, −2.05 < 0.001

BMI 2.34 0.23 1.90, 2.80 < 0.001

Meal High-carbohydrate 5.93 2.52 0.99, 10.9 0.02

BMI: Meal High-carbohydrate −0.23 0.008 −7.03, −0.39, 0.005

Marginal R2 62%

Conditional R2 92%

For Meal Type, the “High in Fats” is the reference level. For Sex, “Female” is the reference level. Time was modelled as a continuous variable (minutes). 
Β coefficients represent change per minute.

https://doi.org/10.1371/journal.pone.0349380.t002

Table 3.  Mixed-effects models evaluating postprandial adiponectin (n = 79).

Adiponectin ~ Time + Sex + BMI*Meal Type + (1|ID) β Standard Error 95% CI p-value

Time −0.001 0.001 −0.003, −0.001 < 0.001

Men −3.3 0.8 −5.02, −1.52 < 0.001

BMI −2.32 0.72 −0.37, −0.09 0.001

Meal High-carbohydrate −5.0 20.8 −1.65, 0-64 0.38

BMI: Meal High-carbohydrate −0.18 0.01 −0.02, 0.05 0.32

Marginal R2 24%

Conditional R2 90%

For Meal Type, the “High in Fats” is the reference level. For Sex, “Female” is the reference level. Time was modelled as a continuous variable (minutes). 
Β coefficients represent change per minute.

https://doi.org/10.1371/journal.pone.0349380.t003
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interaction (β = −0.23) suggests that the BMI-related increases in leptin were weaker after the high-carbohydrate meal in 
comparison with the high-fat meal, consistent with a differential postprandial leptin response by meal composition. The 
model showed a marginal R2 of 62% and a conditional R2 of 92%, indicating that the fixed effects explained a substantial 
proportion of the variance in postprandial leptin concentrations, with additional variability accounted for by  
between-subject differences captured by the random intercepts.

As shown in Table 3, in the adiponectin mixed-effects model, sex and BMI were significant predictors of postprandial 
adiponectin concentrations. The negative time coefficient (β = −0.001) indicates a modest overall decline in adiponectin 
across the postprandial period. Men showed significantly lower adiponectin concentrations than women (β = −3.3). Addi-
tionally, higher BMI was independently associated with lower adiponectin, with a decrease of 2.32 µg/mL of adiponectin 
per 1 unit increase in BMI. In contrast, neither meal composition nor the BMI x meal interaction was significantly  
associated with adiponectin trajectories, indicating that postprandial adiponectin responses were not modified by meal 
composition. The model showed a marginal R2 of 24% and a conditional R2 of 90%, indicating that fixed effects explained 
a modest proportion of the variability in adiponectin levels, with most of the variance explained by subject differences 
captured by the random intercepts.

Postprandial leptin and adiponectin responses

Figs 1, S1 and S2 illustrate the postprandial leptin and adiponectin trajectories, according to meal composition, sex,  
and BMI.

Fig 1.  Postprandial leptin and adiponectin trajectories by sex and BMI status. (A) Leptin response after the high-carbohydrate meal. (B) Leptin 
response after the high-fat meal. (C) Adiponectin response after the high-carbohydrate meal. (D) Adiponectin response after the high-fat meal. In 
each panel, females are shown in the left sub-panel and males in the right sub-panel. Thick lines are LOESS smooths for non-obese (blue) and obese 
(orange) participants with 95% confidence bands; the black line is the overall smooth. Thin lines show individual trajectories, colored by BMI.

https://doi.org/10.1371/journal.pone.0349380.g001
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For leptin, after the high-carbohydrate meal (Figs 1A and S1), concentrations showed modest postprandial fluctua-
tions, especially among women, while remaining higher in participants with obesity throughout the postprandial period. In 
contrast, the high-fat meal (Figs 1B and S1), leptin concentrations declined over time, with a more pronounced reduction 
among participants with obesity, particularly women. This contrast between panels A and B reflects the significant BMI x 
meal interaction in the mixed-effects model (Table 2). This finding indicates that the positive association between BMI and 
leptin concentration was attenuated after the high-fat meal.

For adiponectin (Table 3), sex and BMI were the main determinants of postprandial concentrations, with lower levels 
observed in men and in individuals with higher BMI. In contrast to leptin, neither meal type nor the interaction with BMI 
was significantly associated with adiponectin trajectories. Consistent with the model findings, Figs 1C, 1D and S2 illustrate 
relatively stable adiponectin concentrations throughout the postprandial period following both the high-carbohydrate and 
high-fat meals. Across both meal conditions, adiponectin levels remained consistently lower among those participants 
with obesity. These findings suggest that, while leptin dynamics are more sensitive to meal composition and to BMI status, 
adiponectin responses are primarily shaped by BMI and sex, with minimal influence of meal type.

When comparing meal types, no significant differences in leptin concentrations were observed at any postprandial time 
point between the high-carbohydrate and high-fat meals (S2 Table and S1 Fig). In contrast, when stratified by obesity sta-
tus, participants with obesity consistently exhibited higher leptin concentrations than those without obesity across all time 
points, irrespective of meal type (S3 Table and S1 Fig).

Similarly, adiponectin concentrations did not differ significantly between the high-carbohydrate and high-fat meals at 
any postprandial time point (S4 Table and S2 Fig). When stratified by obesity status, participants without obesity had 
significantly higher adiponectin concentrations than those with obesity at most time points for both meal types (S5 Table). 
Differences were more consistent after the high-carbohydrate meal, being significant at all four time points. In contrast, 
after the high-fat meal, the difference was not significant at 360 min (p = 0.081) (S5 Table).

Together, these results indicate that while meal composition alone did not significantly influence postprandial leptin or 
adiponectin concentrations, obesity status and sex were key determinants of circulating levels. Leptin showed greater 
sensitivity to obesity with postprandial trajectories that differed by meal composition, as reflected by a significant BMI x 
meal interaction. In particular, the BMI-related increase in leptin was attenuated following the high-fat meal.

Discussion

This study evaluated the postprandial responses of adiponectin and leptin over six hours after ingestion of standardized 
meals in adults with and without obesity. No significant differences between the high-carbohydrate and high-fat meals 
were observed at individual time points (0, 120, and 360 min). However, mixed- effects models demonstrated that sex, 
BMI, and meal composition were significant predictors of adipokine trajectories (Tables 2 and 3).

In the fasting state, our findings are consistent with previous reports showing higher concentrations of adiponectin and 
leptin in women compared with men [11]. Biological factors, including greater subcutaneous adipose tissue,– the primary 
source of leptin, and the influence of estrogens on adipokine regulation, may explain this pattern [12]. Women in our study 
also presented a more favorable lipid profile, with lower triglycerides and higher levels of HDL-C. In contrast, men showed 
higher glucose levels, blood pressure, and waist circumference, reflecting a more central fat distribution. These observa-
tions are consistent with prior evidence highlighting the role of fat distribution and hormonal milieu in shaping adipokine 
secretion and cardiometabolic risk [13,14].

We further observed that obesity was consistently associated with higher leptin and lower adiponectin concentra-
tions across all postprandial time points, reinforcing their value as biomarkers of adiposity and metabolic dysfunction [5]. 
Although pointwise comparisons did not reveal significant differences between the high-carbohydrate and high-fat meals, 
trajectory analysis with mixed models indicated that meal composition shaped the overall leptin response. It is important 
to distinguish between these two levels of inference: the mixed-effects models capture overall trajectories across all time 
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points simultaneously, whereas pointwise Wilcoxon comparisons assess differences at each time point in isolation. The 
absence of significant pairwise differences at discrete time points does not contradict the model-based findings; rather, 
it reflects the statistical power of trajectory modeling to detect gradual, sustained effects that may not reach significance 
at any single time point. Specifically, after the high-fat meal, leptin concentrations showed a gradual decline over the six 
hours. In contrast, adiponectin concentrations exhibited only a modest, non-significant time-trend, consistent with the 
absence of a significant meal or BMI×meal effect in the adiponectin mixed-effects model. For each one-unit increase in 
BMI, the postprandial response was attenuated by 0.23 ng/mL following the high-fat meal compared with the high- 
carbohydrate meal, suggesting a blunted leptin response to dietary fat with increasing adiposity. In contrast, the absence 
of a significant BMI x meal interaction for adiponectin indicates that the relationship between BMI and adiponectin concen-
trations was not modified by meal composition.

This pattern suggests that while adipokines primarily reflect chronic adiposity, leptin, but not adiponectin, exhibits short-
term, meal-dependent modulation, particularly dietary fat, in the postprandial period. While elucidating the mechanistic 
insights behind the observed changes in adiponectin and leptin falls beyond the scope of our paper and reach of our 
methods, we think it is reasonable to say that these results provide nuance to the common perception of leptin and adi-
ponectin as “steady state” signals. The well-documented interplay between these two hormones and other “acute-phase” 
metabolic players, such as CCK, GLP-1, and insulin, within different physiological contexts, such as excessive adiposity 
and or inflammation [15] makes it reasonable to expect differential effects with differential health implications [16,17].

Other studies have generally reported minimal postprandial variation in leptin, supporting the hypothesis that leptin 
primarily reflects overall adiposity rather than acting as a rapidly responsive hormone to meal ingestion [18]. However, our 
observation of an acute decline after the high-fat meal challenges the classical view of leptin as an exclusively long-term 
signal of energy stores. It suggests that, under specific dietary conditions, leptin trajectories can be modified within a few 
hours.

Our findings are partly consistent with previous postprandial studies. Larsen et al.[19] reported a significant postpran-
dial decline in leptin after a high-fat meal in normal-weight individuals, whereas this response was attenuated in partici-
pants with obesity, suggesting impaired leptin regulation in the obese state. Using longitudinal mixed-effects models, our 
results extend these observations by showing that meal composition modifies the association between BMI and leptin 
trajectories. Notably, the positive association between BMI and leptin concentrations was attenuated after the high-fat 
meal, indicating a greater postprandial decline in leptin with increasing adiposity. Together, these findings suggest that 
a diet high in fats may exacerbate alterations in leptin dynamics among individuals with obesity, even in the absence of 
significant pointwise differences.

The descriptive trend toward lower adiponectin concentrations after the high-fat meal (which did not reach statisti-
cal significance in the mixed-effects model), is consistent with previous reports of transient reductions following high-fat 
meals and concomitant postprandial lipemia [20]. However, in our study, meal composition did not emerge as a significant 
predictor in the mixed-effects model, and pointwise comparisons likewise showed no significant differences between meal 
types, indicating that any meal-related change in adiponectin was small in magnitude. Instead, postprandial adiponectin 
concentrations were primarily determined by sex and BMI, remaining consistently lower among participants with obesity 
across the postprandial period.

In this context, English et al.[21] evaluated the acute postprandial adiponectin response following a mixed meal in 
lean and obese individuals. Similarly, they reported significantly lower fasting adiponectin concentrations in participants 
with obesity, which were inversely associated with BMI and insulin resistance. However, in contrast to our findings, they 
observed a marked and transient postprandial increase in adiponectin among obese participants, peaking at approxi-
mately 60 minutes and remaining elevated up to 180 minutes, while no significant postprandial changes were observed in 
lean individuals. These discrepancies may be explained by differences in meal composition, study design, and analytical 
approaches, especially the use of longitudinal mixed-effects models in our study.
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Finally, another study suggests that dietary fat quality may influence adiponectin regulation, with variable effects of 
different fatty acid types on adiponectin gene expression and circulating levels [22]. Nevertheless, within the context of 
our standardized acute challenges, adiponectin trajectories were not significantly modified by meal or by the BMI x meal 
interaction. Supporting BMI and sex as the main determinants of postprandial adiponectin in the present study.

In this study, linear mixed-effects models were the primary analytical approach to evaluate postprandial adipokine 
responses, as they allow the simultaneous modeling of longitudinal trajectories across all time points while accounting for 
within-subject correlation due to repeated measurements over time. While Wilcoxon rank-sum tests were used as com-
plementary, exploratory analyses to assess between-group differences at individual postprandial time points, the absence 
of statistically significant differences at specific time points does not contradict the mixed-effects model findings, which 
reflect average postprandial trajectories and interactions over the entire observation period. The explanatory power of the 
mixed-effects models, as reflected by the marginal and conditional R² values, provides additional insight into the determi-
nants of postprandial adipokine responses. For leptin, the high marginal R² indicates that fixed effects (including sex, BMI, 
and meal composition) explain a substantial proportion of the observed variability, and the strong influence of adiposity 
and dietary context on leptin postprandial dynamics.

In contrast, adiponectin models had lower marginal R² values, indicating that fixed predictors accounted for a more 
modest proportion of total variance. The marked difference between marginal and conditional R² suggests that the adi-
ponectin variability is attributable to individual-level factors not fully captured by sex, BMI, or meal composition. In other 
words, while measurable phenotypic and dietary factors more strongly drive leptin responses, adiponectin levels appear 
to be more tightly regulated and less sensitive to acute nutritional modulation. Key strengths of our study include its 
cross-sectional design with two standardized meals, the assessment of repeated time points over six hours, and the use 
of mixed-effects models, which captured dynamic responses and accounted for a substantial proportion of  
inter-individual variability. However, limitations should be acknowledged. First, participants previously diagnosed with dia-
betes were excluded as an a priori design decision in order to characterize postprandial leptin and adiponectin responses 
in adults with chronic metabolic disease, beyond overweight and obesity. While this approach reduced metabolic hetero-
geneity and potential confounding related to glucose-lowering treatments, it may limit the generalizability of the findings of 
the study and introduce collider bias, particularly by the high incidence of coexistence of obesity and diabetes in the Mex-
ican population. Second, these acute responses may not be directly generalizable to habitual dietary patterns, and the 
absence of additional biomarkers, particularly inflammatory markers, limited mechanistic insights. In addition, postprandial 
measurements of other key hormones, such as insulin and ghrelin or glucose, were not available. Finally, other lifestyle 
factors known to influence adipokine concentrations,– including physical activity, sleep, and stress,– were not assessed 
and may have contributed to residual variability.

Our results underscore the importance of postprandial dynamics beyond isolated fasting measurements. The progres-
sive reductions in leptin, particularly among individuals with obesity, could potentially influence satiety-related pathways, 
although this hypothesis requires confirmation in studies directly assessing appetite and energy intake. These results 
suggest that dynamic postprandial phenotypes could be valuable markers for further characterizing patients with meta-
bolic dysfunction. Considering meal composition and individual characteristics such as sex and adiposity may improve 
our understanding of adipokine regulation and its role in energy balance. Future studies incorporating longer-term dietary 
interventions and other biomarkers, including inflammatory and satiety-related pathways, postprandial glucose-insulin 
dynamics, and intestinal hormones, are needed to clarify the clinical implications of these hormonal dynamics.

Conclusions

We demonstrated that although adiponectin and leptin concentrations showed minimal absolute changes after food intake, 
their postprandial trajectories were significantly influenced by individual characteristics and meal composition. These 
results highlight the relevance of dynamic postprandial phenotypes as early markers of metabolic dysfunction.
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