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Abstract: Burns generate every year an important burden of morbidity, being a major global public
health problem through prolonged hospitalization, complications, and increased mortality. This
study’s purpose was to evaluate the serum levels of three adipokines and to establish significant
correlations with other circulating molecules and with some clinical parameters. We evaluated
32 children with severe burns (over 25% total burned surface area—TBSA) at 48 h, day 10, and
day 21 post burn, and 21 controls. The serum levels of adiponectin, resistin, leptin, tumor necrosis
factor-α (TNF-α), plasminogen activator inhibitor-1 (PAI-1), and C-reactive protein (CRP) (among
nine other biochemical parameters) were detected by Multiplex technique. Significant statistical
differences were obtained for resistin and leptin compared to the control group, in different moments
of measurements. Adiponectin serum levels presented statistically significant correlations with
hot liquid mechanism of burn, the Revised Baux score, TBSA, resistin, PAI-1, CRP, TNF-α, and
triglycerides (TGLs) serum levels. Resistin serum levels presented statistically significant correlations
with adiponectin, CRP, PAI-1, leptin, and TNF-α. Additionally, we found statistically significant
correlations between leptin serum levels and length of hospitalization, TNF-α, resistin, adiponectin,
and PAI-1 serum levels. In severely burned children, adiponectin, resistin, and leptin specifically
correlate with clinical parameters and with proteins involved in the systemic inflammatory response
and the hypermetabolic response.

Keywords: adipokines; adiponectin; resistin; leptin; tumor necrosis factor-α (TNF-α); severe burns

1. Introduction

As one of the most severe types of trauma [1], burns generate every year a huge
burden of morbidity, being a major global public health problem [2]. Severe burns are
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often characterized by prolonged hospitalization, complications (multiple organ failure,
sepsis), and increased rate of death [3]. Patients who survive from major burns often need
serial surgical procedures (for contractures, scarring, etc.), permanent physical therapy (for
physical sequelae and functional disabilities), and long-term psychological support (for
permanent psychological issues) [4]. Better understanding of the inflammatory changes
and of the metabolic alterations is needed for improvement of burns’ treatment in the acute
phase and in the sequelae period.

The adipose tissue is one of the main organs involved in the systemic response to
major trauma (including severe burns, extensive surgical procedures), sepsis, and ma-
lignancies [5,6]. In a previously published paper [7], we focused on the role of some of
the acute-phase proteins in severe burns. In the present paper, our focus is upon three
adipokines: adiponectin, resistin, and leptin.

Adiponectin is the most abundant adipokine [8,9]. It is produced by the fat tissue:
subcutaneous fat [8], visceral fat [8], and bone marrow fat [9]. It has numerous effects,
including an anti-inflammatory effect [8,10], stimulation of thermogenesis [10], stimulation
of fatty acids’ oxidation in liver and skeletal muscle [9,10], stimulation of lipolysis [9,10],
induction of browning of the white adipose tissue [9], inhibition of gluconeogenesis and
enhancement of fatty acid biosynthesis in the liver [10], and enhancement of glucose uptake
in the skeletal muscle [10].

Resistin is an adipokine produced by several cells and tissues: fat tissue, skeletal
muscle, intestinal epithelium, monocytes, and astrocytes [8,9,11]. It has a pro-inflammatory
effect, augmenting the expression of cytokines like interleukin-6 (IL-6) and tumor necrosis
factor-α (TNF-α/TNF-alpha) in the adipose tissue [12], being involved in the development
and the persistency of an inflammatory status in obesity, type 2 diabetes mellitus [13],
metabolic syndrome [13], cardiovascular diseases [14,15], and sepsis [12]. Resistin also has
an important role in immunity, as it directly activates the complement system [16], has a
chemotactic effect upon leukocytes [17], and contributes to adhesion molecules expression
(like TNF-a and IL-6) [18].

Leptin is an adipokine secreted mainly by the white adipose tissue but also by
brown adipose tissue, skeletal muscle, stomach, breast, ovaries, and placenta (during
pregnancy) [19–23]. It contributes to the balance between food intake and energy ex-
penditure [24], being one of the main regulators of the white adipose tissue mass [23].
It acts upon specific receptors in the hypothalamus and in peripheral tissues (such as
white adipose tissue, heart, gut, liver, pancreas). In the hypothalamus, leptin acts at the
level of the Arcuate Nucleus and influences food intake through inhibition of orexigenic
peptides [25] and stimulation of anorexigenic neuropeptides [26]. The Arcuate Nucleus’
neurons are connected with the nuclei in the lateral hypothalamic area and paraventricular
area, which are controlling the energy balance [23]. In the periphery, leptin has endocrine,
paracrine, and autocrine actions, and is involved in the regulation of energy expenditure
and metabolism, together with other hormones: glucocorticoids, glucagon, insulin, growth
hormone [27]. In the adipose tissue, leptin stimulates lipolysis and fatty acid’s oxidation,
and inhibits lipogenesis and insulin-dependent glucose uptake [28]. Leptin acts upon
fat tissue directly, through interaction with its specific receptors [29], and indirectly too,
through the sympathetic system [30,31].

TNF-α is a cytokine and a member of the TNF superfamily of proteins [32]. It is mainly
produced by monocytes/activated macrophages, lymphocytes, but also by the adipose
tissue, being considered from this point of view, an adipokine [33]. TNF-α exists in two
forms: a transmembrane form (mTNF-α) and a soluble form (sTNF-α) [34].

TNF-α acts upon two types of receptors: (a) TNFR1—expressed in the majority of cell
types—their stimulation being responsible for the pro-inflammatory and pro-apoptotic
signaling; (b) TNFR2—expressed in endothelial, epithelial, and several types of immune
cells—their stimulation being responsible for the anti-inflammatory, cell-proliferation, and
wound-healing signaling [35,36].
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The targeted molecules in the present study were: adiponectin, resistin, and leptin.
We determined their serum levels during the first 3 weeks post burn. Applying specifical
methods of statistical analysis, we looked for any significant correlations with markers
of the systemic inflammatory response (such as acute-phase proteins), markers of the
hypermetabolic state (such as triacylglycerols), with common clinical parameters (such as
burn mechanism, TBSA, hospitalization) and with one of the popular prognostic indexes
in burns (the Revised Baux score). Finally, we wanted to see if any adipokine from the
analyzed group had any value as a predictive marker of the evolution of children with
burns exceeding 25% TBSA (total burned surface area).

Adipose tissue and its hormones are important in the systemic response to severe
trauma, sepsis, and, generally, in critically ill patients. Adiponectin, leptin, and resistin
have a major impact upon the hypermetabolic state, systemic inflammation, immune status,
and the healing process, in severe burns. These are proven facts in adult burns but not
completely proven in pediatric burns. That is why we consider our study to be relevant
for clarifying the role of the abovementioned adipokines in the evolution of severely
burned children.

2. Results

Table 1 illustrates the characteristics: study group–control group. The study group
consisted of 32 burned children (60.4%), and the control group consisted of 21 non-burned
children (39,6%). Fisher test indicated similar gender frequencies in the groups (p = 0.089).
Applying Mann–Whitney U Test, significant differences of age were identified in the study
versus control groups: median = 3 years, IQR = 2–10 years (in months: median = 39.5,
IQR = 26–122.5), respectively, median = 14 years, IQR = 12–16 years (p < 0.001).

Table 1. Characteristics of the studied groups.

Group/Parameter Study Group Control Group p *

Number of patients (Nr., %) 32 (60.4%) 21 (39.6%) -

Gender—Male (Nr., %) 22 (68.8%) 9 (42.9%) 0.089 *

Age (Median (IQR)) (years) 3 (2–10) 14 (12–16) <0.001**

Age (Median (IQR)) (months) 39.5 (26–122.5)

Hospitalization period (Median (IQR)) 56.5 (25.25–94) - -

TBSA (Median (IQR)) 35 (30–45) - -

% Burned body surface-Burns grade
IIB/III (Median (IQR)) 20 (16.5–33)

Time from event to hospitalization
(Median (IQR)) 8 (4–9.5) - -

R-Baux Score (Median (IQR)) 50 (31–64) - -

Burn injury mechanism (Nr. %) - -

Hot liquid 15 (46.9%) - -

Flame 13 (40.6%) - -

Electric arc 4 (12.5%) - -

Usage of mechanical ventilation (Nr., %) 25 (78.1%) - -

Smoke inhalation injury (Nr., %) 11 (34.4%) - -

Mortality (Nr., %) 2 (6.3%) - -
* Fisher’s Exact Test, ** Mann–Whitney U Test.

Clinical characterization of the study group: TBSA-median = 35% (IQR = 30–45%),
the percentage of deep burn (grade IIB/III)-median = 20%, IQR = 16.5–33%, time elapsed
from burn trauma to hospital admission-median = 8 h (IQR = 4–9.5 h), patients with smoke
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inhalation injury =11 (34.4%), patients with mechanical ventilation = 25 (78.1%), Revised-
Baux Score median = 50 (IQR = 31–64), burn injury mechanism: hot liquids = 15 (46.9%),
flames = 13 (40.6%), deceased patients = 2 (6.3%)

Data from Figure 1 show the values of adipokines in the target group. According to
the Shapiro–Wilk test, distribution of the analyzed variables was non-parametric across
most of the results (p < 0.05). Significant differences between measurements were revealed
only for resistin measurements in conformity to the Friedman test (p = 0.006). Also, post
hoc tests concludes that measured serum levels at T2 (median = 445.6, IQR = 317.62–1012)
were significantly higher than those measured at T1 (median = 335.56, IQR = 95.25–622.3)
(p = 0.012) and higher than those measured at T3 (median = 267.5, IQR = 146.2–450.13)
(p = 0.026). The evolutions of adiponectin (p = 0.104) and leptin (p = 0.097) levels were not
statistically significant, while noticeable was a tendency towards statistical significance for
leptin measurements (p = 0.097) towards a lower value at T2 versus T1, while the evolution
of adiponectin shows a tendency towards higher values at T2 and T3 versus T1.

Figure 1. The box-plot representation for adiponectin (a), resistin (b), and leptin (c) variations in the
target group (serum levels expressed in pg/mL). The values of the studied molecules are medians
with interquartile ranges. Friedman’s tests with Dunn–Bonferroni post hoc tests were applied
for statistical analysis. A significant difference between measurements is marked by unidentical
lowercase letters. No statistically significant differences were observed for adiponectin (p = 0.104),
nor for leptin (p = 0.097). In the box-plot graphical representation, the ◦ symbol marks an outlier for a
measurement < 1st quartile-1,5IQR or a measurement > 3rd quartile +1,5IQR. The * symbol marks an
extreme outlier, for a measurement < 1st quartile-1,5IQR or a measurement > 3rd quartile +1,5IQR.

Data from Figure 2 show the comparison of analyzed adipokines between the study
and control group. Across most of the measurements in both groups, distribution of
the analyzed values was non-parametric in conformity to the Shapiro–Wilk test (p < 0.05).
Differences between analyzed groups were statistically significant only in the case of resistin
(p < 0.001) and leptin (p = 0.041) measurements at T2 showing higher values of resistin in the
study group versus control group (median = 445.6, IQR = 316.8–915.89 vs. median = 188.38,
IQR = 87.02–274.18) and lower values of leptin in the study group versus control group
(median = 1357.4, IQR = 610.2–3550.5 vs. median = 3476.16, IQR = 1171.2–10,705.8). A
tendency towards statistical significance was observed in the case of observed differences
between resistin measurements at T1 (p = 0.052) and at T3 (p = 0.053) showing potential
higher values of resistin in the study group in comparison to the control group.



Int. J. Mol. Sci. 2024, 25, 7630 5 of 22

Figure 2. Concentrations, in pg/mL, of the three adipokines (adiponectin (a), resistin (b), and leptin
(c)) in the study group and the control group, expressed as medians with IQR. Mann–Whitney U
tests for statistical analysis. A significant difference between measurements is marked by unidentical
lowercase letters. No statistically significant differences were observed for adiponectin, nor for leptin
(p > 0.05). In the box-plot graphical representation, the ◦ symbol marks an outlier for a measurement <
1st quartile-1,5IQR or a measurement > 3rd quartile +1,5IQR. The * symbol marks an extreme outlier,
for a measurement < 1st quartile-1,5IQR or a measurement > 3rd quartile +1,5IQR.

Data from Figure 3 highlight the variations of common serum molecules in the study
group. According to the Shapiro–Wilk test, the distribution of the analyzed molecules was
non-parametric across most of the measurements (p < 0.05). Significant differences between
registered values were identified for CRP (p = 0.014), TNF-α (p = 0.009), and triglycerides
(p = 0.002), according to the Friedman tests. The data from post hoc tests highlight the
following results:

CRP values were significantly higher at T2 (median = 4.26, IQR = 1.73–7.21) than at T3
(median = 2.02, IQR = 0.93–4.12) (p = 0.012);

TNF-α values were significantly higher at T3 (median = 13.35, IQR = 8.75–71.86) than
at T2 (median = 12.22, IQR = 7.65–31.1) (p = 0.029) or at T1 (median = 13.24, IQR = 6.24–42.6)
(p = 0.019);

Triglyceride values were significantly higher at T3 (median = 134, IQR = 92.25–173.75)
than at T2 (median = 111, IQR = 88.5–141) (p = 0.040) or at T1 (median = 102.5, IQR = 78–125.75)
(p = 0.003);

Also observed was a tendency towards statistical significance in the case of PAI-1
measurements evolution (p = 0.055), indicating potentially higher values at T2 than at T1
or T3.

Data from Figures 4–6 show the correlations for analyzed parameters at T1. According
to the Shapiro–Wilk test, the distribution of the measured values was non-parametric
(p < 0.05). The following correlations were observed to be significant positive correlations
with moderate/high power according to the Spearman’s rho coefficients between the
following parameters (p < 0.05):

Adiponectin and resistin (p < 0.001, R = 0.680), CRP (p = 0.007, R = 0.470) or PAI-1
(p < 0.001, R = 0.621);

Resistin and CRP (p < 0.001, R = 0.665) or PAI-1 (p < 0.001, R = 0.776);
TNF-α and leptin (p = 0.036, R = 0.384);
CRP and PAI-1 (p < 0.001, R = 0.604).
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Figure 3. The box-plot graphic illustration for acute-phase inflammation proteins (CRP (a), TNF-α (b),
PAI-1 (c)) and for triacylglycerols (Triglycerides) (d) in the burned children group. The values of the
studied molecules are medians with interquartile ranges. Concentrations measured in ng/mL for CRP
and PAI-1, pg/mL for TNF-α and mg/dl for triglycerides. Friedman’s tests with Dunn–Bonferroni
post hoc tests were applied for statistical analysis. For PAI-1, no statistically significant differences
between measurements (p = 0.055) were identified. A significant difference between measurements is
marked by unidentical lowercase letters. In the box-plot graphical representation, the ◦ symbol marks
an outlier for a measurement < 1st quartile-1,5IQR or a measurement > 3rd quartile +1,5IQR. The
* symbol marks an extreme outlier, for a measurement < 1st quartile-1,5IQR or a measurement > 3rd
quartile +1,5IQR.

Figure 4. Correlations between adiponectin value at T1 and resistin value at T1 (a), CRP level at 48 h
(b), and PAI-1 levels at T1 (48 h) (c), along with the correlation between resistin levels at T1 and CRP
levels at T1 (d).
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Figure 5. Correlations between resistin levels at T1 and PAI-1 levels at T1 (a), leptin value at T1 and
TNF-α at T1 (b), and CRP value at T1 and PAI-1 value at T1 (c).

Figure 6. Hierarchical clustering of adipokines, inflammatory parameters, and triglyceride values at
48 h (T1). Variables were transformed to base10 logarithm values for data normalization. Data show
the clustering of Pearson’s correlation coefficients, where a cluster between adiponectin, resistin,
PAI-1, and CRP is indicated by the outlined box.

Data from Figures 7–10 show the correlations for analyzed parameters at T2. According
to the Shapiro–Wilk test, the distribution of the values was non-parametric (p < 0.05). The
following correlations were observed to be significant positive/negative correlations with
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moderate/high power according to the Spearman’s rho coefficients between the following
parameters (p < 0.05):

- Adiponectin and resistin (p = 0.001, R = 0.560), leptin (p = 0.035, R = −0.379), TNF-α
(p = 0.012, R = −0.447) or PAI-1 (p < 0.001, R = 0.699);

- Resistin and leptin (p = 0.024, R = −0.404), CRP (p = 0.005, R = 0.490), TNF-α (p = 0.001,
R = −0.572) or PAI-1 (p < 0.001, R = 0.805);

- TNF-α and leptin (p = 0.018, R = 0.423);
- PAI-1 and leptin (p = 0.017, R = −0.425);
- TNF-α and PAI-1 (p < 0.001, R = −0.715).

Figure 7. Correlations between adiponectin levels at T2 and resistin levels at T2 (a), leptin value at
T2 (b), TNF-α value at T2 (c), and PAI-1 levels at T2 (d).

Figure 8. Correlations between resistin levels at T2 and leptin levels at T2 (a), CRP value at T2 (b),
TNF-α value at T2 (c), and PAI-1 levels at T2 (d).
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Figure 9. Correlations between leptin levels at T2 and TNF-α levels at T2 (a), PAI-1 value at T2 (b),
and the correlation between TNF-α and PAI-1 values at T2 (c).

Figure 10. Hierarchical clustering of adipokines, inflammatory parameters, and triglyceride values at
10 days (T2). Variables were transformed to base10 logarithm values for data normalization. Data
show the clustering of Pearson’s correlation coefficients, where a cluster between adiponectin, resistin,
and PAI-1 is indicated by the outlined box.

Data from Figures 11–13 show the correlations for analyzed parameters at T3. Accord-
ing to the Shapiro–Wilk test, the distribution of the values was non-parametric (p < 0.05).
The following correlations were observed to be significant positive/negative correlations
with moderate/high power according to the Spearman’s rho coefficients between the
following parameters (p < 0.05):
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- Adiponectin and resistin (p = 0.015, R = 0.447), PAI-1 (p < 0.001, R = 0.774) or triglyc-
erides (p = 0.039, R = 0.392);

- Resistin and CRP (p = 0.011, R = 0.465) or PAI-1 (p < 0.001, R = 0.640);
- Triglycerides and CRP (p < 0.001, R = 0.615) or PAI-1 (p = 0.015, R = 0.457).

Figure 11. Correlations between adiponectin values at T3 (21 days) and resistin levels at T3 (21 days)
(a), PAI-1 levels at T3 (21 days) (b), triglycerides value at T3 (c), along with the correlation between
resistin and CRP values at T3 (d).

Figure 12. Correlation between resistin levels at T3 (21 days) and PAI-1 levels at T3 (21 days) (a),
along with the correlations between triglycerides value at T3 and CRP value at T3 (b) and PAI-1
values at T3 (c).
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Figure 13. Hierarchical clustering of adipokines, inflammatory parameters, and triglyceride values at
21 days (T3). Variables were transformed to base10 logarithm values for data normalization. Data
show the clustering of Pearson’s correlation coefficients, where a cluster between adiponectin, PAI-1,
resistin, CRP, and triglycerides is indicated by the outlined box.

Data from Figure 14 show the correlation between adiponectin value at T1 and
TBSA. According to the Shapiro–Wilk test, the distribution of TBSA was non-parametric
(p = 0.003). We found a significant and negative correlation (p = 0.018, R = −0.416),
which highlights that patients with augmented measurements of TBSA were statistically
significantly more associated with low levels for adiponectin at T1. while patients
with decreased values of TBSA were statistically significantly more associated with
augmented levels of adiponectin.

Figure 14. Correlation between TBSA and adiponectin value at T1.
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Data from Figure 15 show the correlations between leptin values and the hospital-
ization period. According to the Shapiro–Wilk test, the distribution of the hospitalization
period values was non-parametric (p = 0.003). Statistically significant and negative cor-
relations were found for the leptin value at T2 (p = 0.021, R = −0.412) or at T3 (p = 0.035,
R = −0.393), which demonstrates that patients with longer hospitalization periods were
statistically significantly more associated with low levels for leptin at T2/T3 while patients
with shorter hospitalization periods were statistically significantly more associated with
augmented leptin levels at T2/T3.

Figure 15. Correlations between hospitalization period and leptin value at T2 (a) and T3 (b).

Data from Figure 16 show the comparison of adipokines between patients according
to the mechanism of burn injury. According to the Shapiro–Wilk test, the distribution of
the values was non-parametric across most of the measurements in both groups (p < 0.05).
According to the Mann–Whitney U tests, the differences between analyzed groups were
statistically not significant for most of the parameters (p > 0.05), except for the adiponectin
value at T1 (p = 0.019), which was significantly higher for patients with hot liquid burns
(median = 239,812, IQR = 60,634–400,000) in comparison to patients with flame burns
(median = 71,495, IQR = 27,929–177,394).

Figure 16. The three adipokines variations in the target group, as related to the mechanism of
burn: hot fluid versus flame (concentrations, in pg/mL). Medians with IQR are depicted. Mann–
Whitney U tests—statistical analysis. A significant difference between measurements is marked by
unidentical lowercase letters. No statistically significant differences were observed for resistin, nor
for leptin (p > 0.05). In the box-plot graphical representation, the ◦ symbol marks an outlier for a
measurement < 1st quartile-1,5IQR or a measurement > 3rd quartile +1,5IQR. The * symbol marks
an extreme outlier, for a measurement < 1st quartile-1,5IQR or a measurement > 3rd quartile +1,5IQR.
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Data from Figure 17 show the correlation between adiponectin value at T1 and
R-Baux Score. According to the Shapiro–Wilk test, the distribution of the score was
non-parametric (p = 0.035). We found a statistically significant and negative correlation
(p = 0.010, R = −0.456); this points out that patients with high adiponectin serum levels
were statistically significant more associated with low values of R-Baux Score and
vice versa.

Figure 17. Correlation between R-Baux Score and adiponectin value at T1.

3. Discussion

In this section, we address only the statistically significant (positive/negative) correla-
tions between the studied adipokines and clinical/biochemical parameters.

3.1. Adiponectin

In our study group (Table S1 and Figure 1a), adiponectin serum levels decrease at
48 h, showing the severity of trauma, and increase at 10 and 21 days, correlating with a
good prognosis. Our results confirm previous studies’ reports about: (a) the precocious
decreased levels of adiponectin as a hallmark in severe trauma (including severe burns),
in sepsis and in critical illness; (b) the progressive increase in adiponectin serum levels as
marker of a good prognosis of the critically ill patients (including any type of severe trauma,
severe burns, and sepsis) [8,37,38]. A clinical application could be the early determination
of adiponectin serum level and its usage as a prognostic marker in severely burned children.
Following the dynamics of adiponectin serum levels might show us the tendency towards
improvement or towards worsening of the prognosis.

Adiponectin serum levels, in our study, presented a statistically significant and nega-
tive correlation (Table S12 and Figure 17) with the R-Baux score [39]. The clinical significance
of our observation is that patients with lower adiponectin levels at 48 h post burn have
a higher R-Baux score, which means a worse prognosis. This corresponds to other stud-
ies that reported severity of burn and worse prognosis to be characterized by decreased
adiponectin levels early post burn [8].

According to the burn injury mechanism (hot liquids versus flames), in our study,
adiponectin serum level at T1 correlated statistically significantly and positively with the
hot liquid burn mechanism (Table S11 and Figure 16a); the clinical significance was that
patients with scalds presented higher levels of serum adiponectin at 48 h and a better
prognosis, unlike patients with burns produced by flames, who had a lower adiponectin
serum level and worse prognosis.
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We found no statistically significant correlation between adiponectin serum values and
the hospitalization length (Table S10). But we discovered a negative, statistically significant
correlation between TBSA and adiponectin level at T1 (Table S9 and Figure 14); the clinical
significance was that low adiponectin serum levels at 48 h post burn strongly correlated
with larger TBSA (which is a predictor of burn severity [40] and an independent parameter
associated with in-hospital mortality [41]).

At 48 h, 10 days, and 21 days post burn, adiponectin serum levels correlate positively
with resistin (Tables S6–S8 and Figures 4a and 7a, Table S11) and with PAI-1 serum levels
(Tables S6–S8 and Figures 4c, 7d and 11b). The practical conclusions resulting from these
correlations are that:

a. adiponectin–resistin interplay influences the metabolic profile in severely burned
patients (as these adipokines have opposite actions upon the systemic inflammatory
response and upon metabolism);

b. adiponectin–PAI-1 interplay influences the systemic inflammatory response, the pe-
ripheral insulin sensitivity, and the pro/anti-coagulant status in severely burned
children (adiponectin is anti-inflammatory and decreases insulin resistance, mean-
while PAI-1 is pro-inflammatory, increases insulin resistance, and has antifibrinolytic
and procoagulant action) [42,43].

Adiponectin serum levels correlate positively with CRP serum levels (Table S6 and
Figure 4b) at 48 h. The practical conclusion is that an anti-inflammatory adipokine correlates
significantly with a marker of systemic inflammation in severely burned children. So,
determining the adiponectin serum levels might be used as an indicator of the severity of
the systemic inflammatory response in severe burns. Previous studies reported a strong and
negative correlation between adiponectin serum levels and CRP in healthy individuals [44]
but also in patients with obesity, diabetes mellitus type 2, and metabolic syndrome [45].

Adiponectin serum levels negatively correlate with TNF-α serum levels (Table S7
and Figure 7c), unlike other studies where the correlation reported was positive [46,47].
It appears to be a reciprocal influence: adiponectin stimulates the production and release
of TNF-α (and IL-6) in adipose tissue through extracellularly regulated kinase (ERK) and
nuclear factor-kappa B (NF-κB) signaling [46], and TNF-α regulates the multimerization
and secretion of adiponectin [47].

In severely burned children, increased adiponectin serum levels correlate with in-
creased leptin serum levels (Table S7 and Figure 7b), which is different than the negative
correlation between adiponectin and leptin that was reported in healthy individuals, but
also in patients with obesity and metabolic syndrome [48].

Interestingly, adiponectin was the only adipokine in our study that showed a statis-
tically significant and positive correlation with TGL at 21 days post burn (Table S8 and
Figure 11c), reflecting the increased levels of lipolysis in adipocytes [49–51]. We consider
that, in clinical practice, following the serum levels of adiponectin and of TGL might help
us in evaluating the intensity of the hypermetabolic response in severe burns.

3.2. Resistin

In our study, resistin serum levels increased at 48 h and even more at 10 days; the
afterwards decrease towards 21 days heralded a good evolution of the patients (Table S1 and
Figure 1b). Our study results confirm and refine other studies’ reports about resistin serum
levels in critically ill patients (including those with severe burns, sepsis, trauma) [6,8].

Our results did not show any statistically significant correlation between resistin serum
levels and the Revised Baux score (Table S12), although other studies reported a statistically
significant and positive correlation between resistin serum levels at 7 days and other scores,
like SOFA score (Sequential Organ Failure Assessment) [6].

We did not find any statistically significant correlation between resistin serum values
and the burn injury mechanism (Table S11 and Figure 16b), the length of the hospitalization
(Table S10), nor the TBSA (Table S9). TBSA (together with the burn depth) is one of the main
determinants of prognosis in burns. Somehow, our results disagree with other studies that
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affirmed a positive correlation between resistin serum levels and the gravity of prognosis
in severe burns [6,52].

Increased resistin serum levels correlated with increased CRP serum levels at 48 h,
10 days, and 21 days (Tables S6–S8 and Figures 4d, 8b and 11d). Our finding agrees with
other studies describing, in severe burns, a positive correlation between this proinflamma-
tory adipokine and this marker of systemic inflammation [6,8]. Resistin was considered
to form a network with inflammatory cytokines in severe burns [6]. We consider that
following the resistin serum levels might be helpful for evaluating the intensity of the
systemic inflammatory response.

We found a positive correlation between resistin serum levels and PAI-1 serum levels
(Tables S6–S8 and Figures 5a, 8d and 11b) in severely burned children, just like other
studies reported the same type of correlation in metabolic syndrome and myocardial
infarction [53]. PAI-1, in addition to its role in thrombus formation, is a marker of systemic
inflammation [54], and its expression in adipocytes is regulated by resistin through AKT
phosphorylation [55,56].

Unlike other studies, reporting a positive correlation of resistin serum levels with
TNF-α serum levels in diseases with systemic inflammatory response or subclinical in-
flammation [57–60], in our study, increased resistin serum levels correlated with decreased
TNF-α serum levels at 10 days (Table S7 and Figure 8c). Some studies reported resistin to
induce in macrophages the secretion of some pro-inflammatory cytokines (among which
there is TNF-α), by NF-κB-dependent pathway [61].

In our study, increased resistin serum levels significantly correlate with decreased
leptin serum levels (Table S7 and Figure 8a). Although resistin and leptin are both proin-
flammatory adipokines, in our study, their serum levels variate in opposite directions at
10 days post burn: resistin increases and leptin decreases (Figures 1b,c and 2b,c). Other
studies reported a positive correlation between resistin and leptin serum levels in metabolic
syndrome, obesity, and diabetes mellitus type 2 [62]. In severe burns, several studies
reported increased resistin and leptin serum levels, with/without a statistically significant
correlation between them [6,52].

3.3. Leptin

Older studies reported leptin serum levels to remain within normal ranges, in patients
with burns, excepting the cases complicated with hypovolemic shock [63]. Some studies
reported that severe trauma lowered the leptin serum levels, and the favorable evolution of
the patients had been announced by an increase in serum leptin [64]. Indeed, at 10 days, in
our study, the leptin serum levels were significantly lower in the burned children when
compared with the control group (Table S3 and Figure 2c). Other studies reported that
leptin increases in severe burns, but non-survivors and patients with sepsis presented
lower leptin serum levels when compared with severely burned patients who had no sepsis
and had survived [65]. In critically ill patients with sepsis, another study reported that
“lower serum leptin at enrollment and day 7 was independently associated with 28-day
mortality”, and leptin levels were higher in survivors than in non-survivors [66]. This is
concordant with our study results, in which all survivors had an increase in serum leptin
levels at 21 days (Table S1 and Figure 1c). We consider that following the dynamics of leptin
serum levels might show us the tendency towards amelioration or towards worsening of
the prognosis.

Leptin serum levels did not correlate statistically with the Revised Baux Score (Table S12),
with the burn injury mechanism: hot liquids versus flames (Table S11 and Figure 16c), nor
with the TBSA (Table S9). Other studies reported higher leptin serum levels in patients
with longer hospitalization [65] and in burned patients, but only when TBSA exceeded
30% [65,67].

Decreased leptin serum levels at 10 days and 21 days correlated significantly with
prolonged hospitalization period in our study (Table S10, Figure 15a,b). As a clinical
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application, the constant decrease in leptin serum values heralds prolonged hospitalization
and worsening of the prognosis in severely burned children.

Leptin is the only adipokine from our study that, at 48 h and 10 days post burn,
has a statistically significant and positive correlation with TNF-α (Tables S6 and S7 and
Figures 5b and 9a), which is considered one of the main pro-inflammatory cytokines in
severe burns. This is concordant with other studies reporting increased leptin serum
levels in severely burned children [65,67] and in other conditions involving a systemic
inflammatory response or disturbances of the glucose and/or lipides metabolisms [68–70].
The other two studied adipokines (adiponectin and resistin) have a statistically significant
but negative correlation with TNF-α at 10 days post burn, in our study. These observations
underline the complex and different roles of adipokines in the biologic response in severe
burns. We might conclude that, adiponectin, resistin, and leptin serum levels offer a good
image of the intensity of the systemic inflammatory response in the first three weeks post
burn, together with other markers of inflammation like CRP and TNF-α.

At 10 days post burn, increased leptin serum levels statistically significantly correlate
with decreased PAI-1 serum levels (Table S8, Figure 9b). Other studies reported a positive
correlation between leptin and PAI-1 serum levels in obesity and metabolic syndrome. The
explanation was an upregulation of PAI-1 expression in vascular endothelial cells, induced
by leptin [71,72].

3.4. Triglycerides

Triglycerides were determined in our study, because they were considered an indicator
of fat cell lipolysis and also a marker of the peripheral resistance to the insulin’s antilipolytic
effect [73]. TGL serum levels were statistically significantly higher at 21 days than at 10 days
and at 48 h post burn, reflecting an accentuated process of peripheral fat cell lipolysis
(Tables S4 and S5 and Figure 3d).

In our study, in severely burned children, increased TGL serum levels appear to
correlate strongly with the systemic inflammatory response reflected by increased CRP and
PAI-1 serum values (Table S8 and Figure 12b,c). Positive correlations between CRP and
TGL serum levels were reported: (a) in patients with dyslipidemia and increased risk for
atherosclerosis [74]; (b) in patients with accelerated progression of Alzheimer’s disease [75];
(c) in patients with type 2 diabetes mellitus and dyslipidemia [76], the common denominator
being, in such patients, the systemic inflammatory state. Strong correlations between PAI-1
serum levels and TGL serum levels were reported in patients with dyslipidemia, obesity,
metabolic syndrome, type 2 diabetes mellitus, and nonalcoholic fatty liver disease [77–80].
PAI-1 is considered to have an important role in the development of lipid profile alterations.
DNAm PAI-1 (DNA methylation estimator of plasma PAI-1 levels) strongly predicts plasma
lipid levels in type 2 diabetes mellitus, nonalcoholic fatty liver disease (NAFLD) and
systemic hypertension [81].

In the end of the discussions section, we want to address study’s main limitations:

1. Single-center experience.
2. Rather limited volume of the target group (due to the COVID-19 pandemic).
3. Study conducted only three weeks post burn; lack of compliance for follow-up after

this discharge.
4. Unidentical values of median age in the target group and the reference group.

Perspectives for the following studies:

- multi-center study;
- both children and adult patients;
- larger target group;
- longer follow-up after discharge.
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4. Materials and Methods

The same work protocol was presented in our previous paper [7].

4.1. Patients Included in this Research

An observational cohort prospective study was performed between 2022 and 2023.
Using the following inclusion and exclusion criteria, we enrolled 32 children, from the burn
unit of Grigore Alexandrescu Children’s Emergency Hospital in Bucharest. This study was
performed after obtaining the Agreement of the Ethics Committee of Grigore Alexandrescu
Hospital No. 28656/12.10.2021.

The present paper continues the publication of the results of the abovementioned
study. We have already published another paper that fructifies the results of our study,
concerning plasminogen activator inhibitor-1, α 1-acid glycoprotein, C-reactive protein,
and platelet factor 4.

4.2. Inclusion and Exclusion Criteria for the Children with a Burn (Study Group)
4.2.1. Inclusion Criteria: Children with a Burn (Study Group)

- Age below 18 years old;
- Thermal burns involving at least 25% TBSA;
- Patients admitted to the burn unit in less than 48 h from the moment of burn infliction;
- The patient’s parents or legal guardian read, understood, and signed the informed

consent that states their agreement for the enrolment of their child/children into the
present study;

- Patient agreement to be part of this study.

4.2.2. Exclusion Criteria: Children with a Burn (Study Group)

- Pre-existing autoimmune health condition;
- Local or systemic infection at the moment of admission into the burn unit;
- Pre-existing oncologic condition;
- Patients who have been receiving hormonal treatment;
- Patients who have been receiving oncologic treatment;
- Patients who have been receiving immunosuppressive therapy;
- Refusal of the parents or legal guardians to enroll the patient into the present study;
- Refusal of the patient to be included in this study.

4.3. Inclusion and Exclusion Criteria for the Control Group
4.3.1. Inclusion Criteria: Control Group

- Age below 18 years old;
- The individual agrees to be included in the control group;
- The patient’s parents or legal guardians read, understood, and signed the informed

consent that states their agreement for the enrolment of their child/children into the
present study.

4.3.2. Exclusion Criteria: Control Group

- Inflammatory systemic condition;
- Autoimmune health condition;
- Local or systemic infection;
- Oncologic condition;
- Individual under hormonal treatment, or oncologic treatment, or immunosuppres-

sive therapy;
- Individuals with oral health conditions (teeth, gums, mucosa);
- Refusal of the parents or legal guardians to enroll the patient in the present study;
- Refusal of the individual to be part of this study.
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After applying the criteria mentioned above, 21 subjects, from the pediatric ward of
the same hospital, were included in the control group.

4.4. Sample Collection
4.4.1. Sample Collection in the Study Group

For each patient, samples of blood were obtained at three different moments:

- Forty-eight hours after the burn trauma (T1);
- Ten days after the burn trauma (T2);
- Twenty-one days after the burn trauma (T3).

4.4.2. Sample Collection in the Control Group

For the subjects in the control group, samples of blood were also obtained, during the
hospitalization in the pediatric ward.

4.5. Sample Preservation

The samples were fast-frozen at −20 degrees Celsius in the abovementioned hospital.
Then, the samples were transported on ice, in isotherm bags, and stored at −80 degrees
Celsius in the Biochemistry laboratory freezer.

4.6. Sample Analyzing and Data Collecting Using Multiplex Technique

Adiponectin, resistin, and PAI-1 were detected using Milliplex human adipokine
magnetic bead panel 1 (HADK1MAG-61K), while for TNF-α and leptin, we used Milliplex
Human adipokine magnetic bead panel 2 (HADK2MAG-61K). Milliplex Human CVD
panel 3 (acute phase) magnetic bead panel (HCVD3MAG-67-K) was used to detect CRP.
All the kits were provided by Merck Group, the European branch (Darmstadt, Germany).

The PAI-1, CRP, adiponectin, resistin, leptin, and TNF-α (among another 9 biochemical
parameters, not presented in this paper) were detected using the Multiplex technique. All
the samples, standards, and controls were brought to room temperature and incubated with
an assay buffer and specific beads overnight at 4 ◦C with shaking. After removing all the
content from the wells and washing the plate three times, the detection antibody was added
followed by a 1 h incubation. The streptavidin–phycoerythrin was added with a 30 min
incubation. In the end, all the content from the wells was removed, the plate was washed
three times again, sheath fluid was added, and the mean florescence intensity (MFI) was
read on Luminex 200. CRP concentration was expressed in ng/mL. Adiponectin, resistin,
PAI-1, leptin, and TNF-α concentrations were expressed in pg/mL. Triglycerides were de-
tected during hospitalization using an automatic biochemistry analyzer, the concentration
being expressed in mg/dL.

We collected several clinical and epidemiological types of data, which we retained for
our study: TBSA, hospitalization period length, age, and burn mechanism. All the data
collected from the children’s samples in the study group and from the subjects’ samples in
the control group were anonymized.

4.7. Data Analysis

All the data from this study were analyzed using IBM SPSS Statistics 25 and illus-
trated using Microsoft Office Excel/Word 2021. Quantitative variables were tested for
normal distribution using the Shapiro–Wilk test and were written as averages with stan-
dard deviations or medians with interquartile ranges. Quantitative variables were tested
between measurements using Friedman’s tests along with Dunn–Bonferroni post hoc tests.
Quantitative independent variables were tested between groups using Mann–Whitney U
tests, and correlations between them were calculated using the Spearman’s rho correlation
coefficient. Qualitative variables were written as absolute frequencies with percentages
and were tested between groups using Fisher’s Exact Test.
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5. Conclusions

Significant statistical differences were obtained for resistin and leptin compared to the
control group, in different moments of measurements. Adiponectin serum levels at 48 h
presented a statistically significant and positive correlation with hot liquid as mechanism of
burn, and a statistically significant and negative correlation with the Revised Baux score and
with TBSA. Adiponectin serum levels at 48 h, 10 days, and 21 days correlated statistically
significantly and positively with resistin and PAI-1 serum levels. Other statistically signifi-
cant and positive correlations were found between adiponectin and CRP at 10 and 21 days,
adiponectin and leptin at 10 days, and adiponectin and TGL at 21 days. A statistically
significant and negative correlation was found between adiponectin and TNF-α at 10 days
post burn. Resistin serum levels presented statistically significant and positive correlations
with adiponectin, CRP, and PAI-1 at 48 h, 10 days, and 21 days post burn. At 10 days,
resistin serum levels presented a statistically significant and negative correlation with leptin
and TNF-α. We found a statistically significant and negative correlation between the leptin
serum levels at 10 days and at 21 days and the length of hospitalization. Leptin serum
levels correlate positively and statistically significantly with TNF-α at 48 h and 10 days
post burn. At 10 days, leptin correlates statistically significantly: and negative with resistin
and with PAI-1; and positive with adiponectin.

We might conclude that, in children with severe burns, each of the studied adipokines
has a specific evolution of the serum levels, and all of them present particular statistically
significant correlations with some of the clinical parameters (Revised Baux score, burn
mechanism, length of hospitalization, TBSA) and with proteins involved in the systemic
inflammatory response and into the hypermetabolic response.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/ijms25147630/s1.

Author Contributions: Conceptualization, S.C.B. and V.J.; methodology, D.M.E. and M.G.; software,
R.T.; validation, D.M.E., M.G. and V.J.; formal analysis, A.M.C. and S.E.B.; investigation, R.T.; re-
sources, I.-I.S.-S. and D.M.; data curation, R.T.; writing—original draft preparation, D.M., I.-I.S.-S.,
A.M.C. and S.E.B.; writing—review and editing, S.C.B., M.G. and V.J.; visualization, I.-I.S.-S. and
D.M.; supervision, S.C.B., D.M.E., M.G. and V.J.; project administration, S.C.B., D.M.E., M.G. and V.J.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding. The publication of this paper was supported by
the University of Medicine and Pharmacy Carol Davila, through the institutional program Publish
not Perish.

Institutional Review Board Statement: The study was performed after obtaining the Agreement
of the Ethics Committee of Grigore Alexandrescu Hospital on 12 October 2021. The study was
conducted in accordance with the Declaration of Helsinki.

Informed Consent Statement: Written informed consent has been obtained from the patients’ parents
or legal guardians, as the patients were underage. Additionally, the patients agreed to be a part of
the study.

Data Availability Statement: Data supporting the reported results are available from the authors.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Porter, C.; Tompkins, R.G.; Finnerty, C.C.; Sidossis, L.S.; Suman, O.E.; Herndon, D.N. The metabolic stress response to burn

trauma: Current understanding and therapies. Lancet 2016, 388, 1417–1426. [CrossRef] [PubMed]
2. Opriessnig, E.; Luze, H.; Smolle, C.; Draschl, A.; Zrim, R.; Giretzlehner, M.; Kamolz, L.-P.; Nischwitz, S.P. Epidemiology of burn

injury and the ideal dressing in global burn care–Regional differences explored. Burns 2023, 49, 1–14. [CrossRef] [PubMed]
3. Huang, Y.-Z.; Lu, G.-Z.; Zhao, H.-S.; Liu, L.-J.; Jin, J.; Wu, Y.-F.; Wu, J.; Zhao, F.-L.; Liu, N.; Liu, W.-M. Clinical features and

mortality-related factors of extensive burns among young adults: The Kunshan disaster experience. Ann. Transl. Med. 2020,
8, 1053. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/ijms25147630/s1
https://www.mdpi.com/article/10.3390/ijms25147630/s1
https://doi.org/10.1016/S0140-6736(16)31469-6
https://www.ncbi.nlm.nih.gov/pubmed/27707498
https://doi.org/10.1016/j.burns.2022.06.018
https://www.ncbi.nlm.nih.gov/pubmed/35843806
https://doi.org/10.21037/atm-20-288
https://www.ncbi.nlm.nih.gov/pubmed/33145272


Int. J. Mol. Sci. 2024, 25, 7630 20 of 22

4. Kelter, B.; Holavanahalli, R.; Suman, O.; Ryan, C.; Schneider, J. Recognizing the long-term sequelae of burns as a chronic medical
condition. Burns 2020, 46, 493–496. [CrossRef] [PubMed]

5. Ehlting, C.; Wolf, S.D.; Bode, J.G. Acute-phase protein synthesis: A key feature of innate immune functions of the liver. Biol. Chem.
2021, 402, 1129–1145. [CrossRef] [PubMed]

6. Onishi, S.; Matsuura, H.; Osuka, A.; Matsumoto, H.; Ebihara, T.; Ogura, H. Resistin forms a network with inflammatory cytokines
and is associated with prognosis in major burns. Burns 2022, 48, 1680–1689. [CrossRef] [PubMed]

7. Badoiu, S.C.; Enescu, D.M.; Tatar, R.; Stanescu-Spinu, I.-I.; Miricescu, D.; Greabu, M.; Ionel, I.P.; Jinga, V. Serum Plasminogen
Activator Inhibitor-1, α 1-Acid Glycoprotein, C-Reactive Protein, and Platelet Factor 4 Levels—Promising Molecules That Can
Complete the “Puzzle” of the Biochemical Milieu in Severe Burns: Preliminary Results of a Cohort Prospective Study. J. Clin. Med.
2024, 13, 2794. [CrossRef] [PubMed]

8. Al-Tarrah, K.; Jones, S.W.; Moiemen, N.; Lord, J.M. Potential role of adipose tissue and its hormones in burns and critically III
patients. Burns 2020, 46, 259–266. [CrossRef]

9. Clemente-Suárez, V.J.; Redondo-Flórez, L.; Beltrán-Velasco, A.I.; Martín-Rodríguez, A.; Martínez-Guardado, I.; Navarro-Jiménez,
E.; Laborde-Cárdenas, C.C.; Tornero-Aguilera, J.F. The role of adipokines in health and disease. Biomedicines 2023, 11, 1290.
[CrossRef]

10. Choi, H.M.; Doss, H.M.; Kim, K.S. Multifaceted physiological roles of adiponectin in inflammation and diseases. Int. J. Mol. Sci.
2020, 21, 1219. [CrossRef]

11. Kamil, M.A.; Peeran, S.W.; Basheer, S.N.; Elhassan, A.; Alam, M.N.; Thiruneervannan, M. Role of Resistin in Various Diseases
with Special Emphasis on Periodontal and Periapical Inflammation–A Review. J. Pharm. Bioallied Sci. 2023, 15, S31–S35. [CrossRef]
[PubMed]

12. Feng, C.-M.; Cheng, J.-Y.; Xu, Z.; Liu, H.-Y.; Xu, D.-X.; Fu, L.; Zhao, H. Associations of serum resistin with the severity and
prognosis in patients with community-acquired pneumonia. Front. Immunol. 2021, 12, 703515. [CrossRef]

13. Recinella, L.; Orlando, G.; Ferrante, C.; Chiavaroli, A.; Brunetti, L.; Leone, S. Adipokines: New potential therapeutic target for
obesity and metabolic, rheumatic, and cardiovascular diseases. Front. Physiol. 2020, 11, 578966.

14. Ramirez, J.L.; Khetani, S.A.; Zahner, G.J.; Spaulding, K.A.; Schaller, M.S.; Gasper, W.J.; Hills, N.K.; Schafer, A.L.; Grenon, S.M.
Serum resistin is associated with impaired endothelial function and a higher rate of adverse cardiac events in patients with
peripheral artery disease. J. Vasc. Surg. 2019, 69, 497–506. [CrossRef] [PubMed]

15. Sivri, F.; Eryılmaz, U. Increased serum resistin levels associated with isolated coronary artery ectasia. Arch. Med. Sci. Atheroscler.
Dis. 2022, 7, e124. [CrossRef] [PubMed]

16. Qiu, W.; Chen, N.; Zhang, Q.; Zhuo, L.; Wang, X.; Wang, D.; Jin, H. Resistin increases platelet P-selectin levels via p38 MAPK
signal pathway. Diabetes Vasc. Dis. Res. 2014, 11, 121–124. [CrossRef] [PubMed]

17. Filková, M.; Haluzík, M.; Gay, S.; Šenolt, L. The role of resistin as a regulator of inflammation: Implications for various human
pathologies. Clin. Immunol. 2009, 133, 157–170. [CrossRef] [PubMed]

18. Chen, W.-C.; Lin, C.-Y.; Kuo, S.-J.; Liu, S.-C.; Lu, Y.-C.; Chen, Y.-L.; Wang, S.-W.; Tang, C.-H. Resistin enhances VCAM-1 expression
and monocyte adhesion in human osteoarthritis synovial fibroblasts by inhibiting MiR-381 expression through the PKC, p38, and
JNK signaling pathways. Cells 2020, 9, 1369. [CrossRef] [PubMed]

19. Cinti, S.; De Matteis, R.; Pico, C.; Ceresi, E.; Obrador, A.; Maffeis, C.; Oliver, J.; Palou, A. Secretory granules of endocrine and chief
cells of human stomach mucosa contain leptin. Int. J. Obes. 2000, 24, 789–793. [CrossRef]

20. Inagaki-Ohara, K. Gastric leptin and tumorigenesis: Beyond obesity. Int. J. Mol. Sci. 2019, 20, 2622. [CrossRef]
21. Lis-Kuberka, J.; Pupek, M.; Orczyk-Pawiłowicz, M. The Mother–Child Dyad Adipokine Pattern: A Review of Current Knowledge.

Nutrients 2023, 15, 4059. [CrossRef] [PubMed]
22. Basak, S.; Varma, S.; Duttaroy, A.K. Modulation of fetoplacental growth, development and reproductive function by endocrine

disrupters. Front. Endocrinol. 2023, 14, 1215353. [CrossRef] [PubMed]
23. Picó, C.; Palou, M.; Pomar, C.A.; Rodríguez, A.M.; Palou, A. Leptin as a key regulator of the adipose organ. Rev. Endocr. Metab.

Disord. 2022, 23, 13–30. [CrossRef] [PubMed]
24. Friedman, J.M. Leptin and the endocrine control of energy balance. Nat. Metab. 2019, 1, 754–764. [CrossRef] [PubMed]
25. Baver, S.B.; Hope, K.; Guyot, S.; Bjørbaek, C.; Kaczorowski, C.; O’Connell, K.M. Leptin modulates the intrinsic excitability of

AgRP/NPY neurons in the arcuate nucleus of the hypothalamus. J. Neurosci. 2014, 34, 5486–5496. [CrossRef] [PubMed]
26. Haspula, D.; Cui, Z. Neurochemical basis of inter-organ crosstalk in health and obesity: Focus on the hypothalamus and the

brainstem. Cells 2023, 12, 1801. [CrossRef] [PubMed]
27. Vilariño-García, T.; Polonio-González, M.L.; Pérez-Pérez, A.; Ribalta, J.; Arrieta, F.; Aguilar, M.; Obaya, J.C.; Gimeno-Orna, J.A.;

Iglesias, P.; Navarro, J. Role of Leptin in Obesity, Cardiovascular Disease, and Type 2 Diabetes. Int. J. Mol. Sci. 2024, 25, 2338.
[CrossRef] [PubMed]

28. Tremblay, E.-J.; Tchernof, A.; Pelletier, M.; Joanisse, D.R.; Mauriège, P. Plasma adiponectin/leptin ratio associates with sub-
cutaneous abdominal and omental adipose tissue characteristics in women. BMC Endocr. Disord. 2024, 24, 39. [CrossRef]
[PubMed]

29. Koltes, D.; Spurlock, M.; Spurlock, D. Adipose triglyceride lipase protein abundance and translocation to the lipid droplet
increase during leptin-induced lipolysis in bovine adipocytes. Domest. Anim. Endocrinol. 2017, 61, 62–76. [CrossRef]

https://doi.org/10.1016/j.burns.2019.10.017
https://www.ncbi.nlm.nih.gov/pubmed/31711801
https://doi.org/10.1515/hsz-2021-0209
https://www.ncbi.nlm.nih.gov/pubmed/34323429
https://doi.org/10.1016/j.burns.2021.10.009
https://www.ncbi.nlm.nih.gov/pubmed/34961651
https://doi.org/10.3390/jcm13102794
https://www.ncbi.nlm.nih.gov/pubmed/38792336
https://doi.org/10.1016/j.burns.2019.01.012
https://doi.org/10.3390/biomedicines11051290
https://doi.org/10.3390/ijms21041219
https://doi.org/10.4103/jpbs.jpbs_655_22
https://www.ncbi.nlm.nih.gov/pubmed/37654317
https://doi.org/10.3389/fimmu.2021.703515
https://doi.org/10.1016/j.jvs.2018.05.251
https://www.ncbi.nlm.nih.gov/pubmed/30292618
https://doi.org/10.5114/amsad/151954
https://www.ncbi.nlm.nih.gov/pubmed/36158069
https://doi.org/10.1177/1479164113513912
https://www.ncbi.nlm.nih.gov/pubmed/24396117
https://doi.org/10.1016/j.clim.2009.07.013
https://www.ncbi.nlm.nih.gov/pubmed/19740705
https://doi.org/10.3390/cells9061369
https://www.ncbi.nlm.nih.gov/pubmed/32492888
https://doi.org/10.1038/sj.ijo.0801228
https://doi.org/10.3390/ijms20112622
https://doi.org/10.3390/nu15184059
https://www.ncbi.nlm.nih.gov/pubmed/37764842
https://doi.org/10.3389/fendo.2023.1215353
https://www.ncbi.nlm.nih.gov/pubmed/37854189
https://doi.org/10.1007/s11154-021-09687-5
https://www.ncbi.nlm.nih.gov/pubmed/34523036
https://doi.org/10.1038/s42255-019-0095-y
https://www.ncbi.nlm.nih.gov/pubmed/32694767
https://doi.org/10.1523/JNEUROSCI.4861-12.2014
https://www.ncbi.nlm.nih.gov/pubmed/24741039
https://doi.org/10.3390/cells12131801
https://www.ncbi.nlm.nih.gov/pubmed/37443835
https://doi.org/10.3390/ijms25042338
https://www.ncbi.nlm.nih.gov/pubmed/38397015
https://doi.org/10.1186/s12902-024-01567-8
https://www.ncbi.nlm.nih.gov/pubmed/38481206
https://doi.org/10.1016/j.domaniend.2017.06.001


Int. J. Mol. Sci. 2024, 25, 7630 21 of 22

30. Zeng, W.; Pirzgalska, R.M.; Pereira, M.M.; Kubasova, N.; Barateiro, A.; Seixas, E.; Lu, Y.-H.; Kozlova, A.; Voss, H.; Martins, G.G.
Sympathetic neuro-adipose connections mediate leptin-driven lipolysis. Cell 2015, 163, 84–94. [CrossRef]

31. Caron, A.; Lee, S.; Elmquist, J.K.; Gautron, L. Leptin and brain–adipose crosstalks. Nat. Rev. Neurosci. 2018, 19, 153–165. [CrossRef]
[PubMed]

32. Liu, C.Y.; Tam, S.S.; Huang, Y.; Dubé, P.E.; Alhosh, R.; Girish, N.; Punit, S.; Nataneli, S.; Li, F.; Bender, J.M. TNF receptor 1
promotes early-life immunity and protects against colitis in mice. Cell Rep. 2020, 33, 108275. [CrossRef]

33. Sethi, J.K.; Hotamisligil, G.S. Metabolic messengers: Tumour necrosis factor. Nat. Metab. 2021, 3, 1302–1312. [CrossRef] [PubMed]
34. Qu, Y.; Zhao, G.; Li, H. Forward and reverse signaling mediated by transmembrane tumor necrosis factor-alpha and TNF receptor

2: Potential roles in an immunosuppressive tumor microenvironment. Front. Immunol. 2017, 8, 304082. [CrossRef] [PubMed]
35. Heir, R.; Stellwagen, D. TNF-mediated homeostatic synaptic plasticity: From in vitro to in vivo models. Front. Cell. Neurosci. 2020,

14, 565841. [CrossRef] [PubMed]
36. Gough, P.; Myles, I.A. Tumor necrosis factor receptors: Pleiotropic signaling complexes and their differential effects. Front.

Immunol. 2020, 11, 585880. [CrossRef]
37. Welters, I.D.; Bing, C.; Ding, C.; Leuwer, M.; Hall, A.M. Circulating anti-inflammatory adipokines High Molecular Weight

Adiponectin and Zinc-α2-glycoprotein (ZAG) are inhibited in early sepsis, but increase with clinical recovery: A pilot study. BMC
Anesthesiol. 2014, 14, 124. [CrossRef]

38. Wade, C.E.; Mora, A.G.; Shields, B.A.; Pidcoke, H.F.; Baer, L.A.; Chung, K.K.; Wolf, S.E. Signals from fat after injury: Plasma
adipokines and ghrelin concentrations in the severely burned. Cytokine 2013, 61, 78–83. [CrossRef]

39. Yeh, C.-C.; Lin, Y.-S.; Chen, C.-C.; Liu, C.-F. Implementing AI models for prognostic predictions in high-risk burn patients.
Diagnostics 2023, 13, 2984. [CrossRef]

40. Kim, S.; Yoon, J.; Kym, D.; Hur, J.; Kim, M.; Park, J.; Cho, Y.S.; Chun, W.; Yoon, D. Evaluating clinical heterogeneity and predicting
mortality in severely burned patients through unsupervised clustering and latent class analysis. Sci. Rep. 2023, 13, 13600.
[CrossRef]

41. Obed, D.; Salim, M.; Dastagir, N.; Knoedler, S.; Dastagir, K.; Panayi, A.C.; Vogt, P.M. Comparative analysis of composite mortality
prediction scores in intensive care burn patients. Int. J. Environ. Res. Public Health 2022, 19, 12321. [CrossRef] [PubMed]

42. Ahirwar, A.K.; Jain, A.; Goswami, B.; Bhatnagar, M.; Bhatacharjee, J. Imbalance between protective (adiponectin) and prothrom-
botic (Plasminogen Activator Inhibitor-1) adipokines in metabolic syndrome. Diabetes Metab. Syndr. Clin. Res. Rev. 2014, 8,
152–155. [CrossRef] [PubMed]

43. Nawaz, S.S.; Siddiqui, K. Plasminogen activator inhibitor-1 mediate downregulation of adiponectin in type 2 diabetes patients
with metabolic syndrome. Cytokine X 2022, 4, 100064. [CrossRef] [PubMed]

44. Matsushita, K.; Yatsuya, H.; Tamakoshi, K.; Wada, K.; Otsuka, R.; Zhang, H.; Sugiura, K.; Kondo, T.; Murohara, T.; Toyoshima, H.
Inverse association between adiponectin and C-reactive protein in substantially healthy Japanese men. Atherosclerosis 2006, 188,
184–189. [CrossRef] [PubMed]

45. Abraham, P.A.; Attipoe, S.; Kazman, J.B.; Zeno, S.A.; Poth, M.; Deuster, P.A. Role of plasma adiponectin/C-reactive protein ratio
in obesity and type 2 diabetes among African Americans. Afr. Health Sci. 2017, 17, 99–107. [CrossRef]

46. Lappas, M.; Permezel, M.; Rice, G.E. Leptin and adiponectin stimulate the release of proinflammatory cytokines and
prostaglandins from human placenta and maternal adipose tissue via nuclear factor-κB, peroxisomal proliferator-activated
receptor-γ and extracellularly regulated kinase 1/2. Endocrinology 2005, 146, 3334–3342. [CrossRef] [PubMed]

47. He, Y.; Lu, L.; Wei, X.; Jin, D.; Qian, T.; Yu, A.; Sun, J.; Cui, J.; Yang, Z. The multimerization and secretion of adiponectin are
regulated by TNF-alpha. Endocrine 2016, 51, 456–468. [CrossRef]

48. Frühbeck, G.; Catalán, V.; Rodríguez, A.; Gómez-Ambrosi, J. Adiponectin-leptin ratio: A promising index to estimate adipose
tissue dysfunction. Relation with obesity-associated cardiometabolic risk. Adipocyte 2018, 7, 57–62. [CrossRef]

49. Qiao, L.; Zou, C.; van der Westhuyzen, D.R.; Shao, J. Adiponectin reduces plasma triglyceride by increasing VLDL triglyceride
catabolism. Diabetes 2008, 57, 1824–1833. [CrossRef] [PubMed]

50. Izadi, V.; Farabad, E.; Azadbakht, L. Epidemiologic evidence on serum adiponectin level and lipid profile. Int. J. Prev. Med. 2013,
4, 133.

51. Yanai, H.; Yoshida, H. Beneficial effects of adiponectin on glucose and lipid metabolism and atherosclerotic progression:
Mechanisms and perspectives. Int. J. Mol. Sci. 2019, 20, 1190. [CrossRef] [PubMed]

52. Hajri, T.; Gharib, M.; Kaul, S.; Karpeh Jr, M.S. Association between adipokines and critical illness outcomes. J. Trauma Acute Care
Surg. 2017, 83, 507–519. [CrossRef] [PubMed]

53. Fang, W.; Zhang, Q.; Peng, Y.; Chen, M.; Lin, X.; Wu, J.; Cai, C.; Mei, Y.; Jin, H. Resistin levelispositively correlated with thrombotic
complications in Southern Chinese metabolic syndrome patients. J. Endocrinol. Investig. 2011, 34, e36–e42. [CrossRef] [PubMed]

54. Hvas, C.L.; Larsen, J.B. The fibrinolytic system and its measurement: History, current uses and future directions for diagnosis and
treatment. Int. J. Mol. Sci. 2023, 24, 14179. [CrossRef]

55. Ikeda, Y.; Tsuchiya, H.; Hama, S.; Kajimoto, K.; Kogure, K. Resistin regulates the expression of plasminogen activator inhibitor-1
in 3T3-L1 adipocytes. Biochem. Biophys. Res. Commun. 2014, 448, 129–133. [CrossRef] [PubMed]

56. Acquarone, E.; Monacelli, F.; Borghi, R.; Nencioni, A.; Odetti, P. Resistin: A reappraisal. Mech. Ageing Dev. 2019, 178, 46–63.
[CrossRef] [PubMed]

https://doi.org/10.1016/j.cell.2015.08.055
https://doi.org/10.1038/nrn.2018.7
https://www.ncbi.nlm.nih.gov/pubmed/29449715
https://doi.org/10.1016/j.celrep.2020.108275
https://doi.org/10.1038/s42255-021-00470-z
https://www.ncbi.nlm.nih.gov/pubmed/34650277
https://doi.org/10.3389/fimmu.2017.01675
https://www.ncbi.nlm.nih.gov/pubmed/29234328
https://doi.org/10.3389/fncel.2020.565841
https://www.ncbi.nlm.nih.gov/pubmed/33192311
https://doi.org/10.3389/fimmu.2020.585880
https://doi.org/10.1186/1471-2253-14-124
https://doi.org/10.1016/j.cyto.2012.08.031
https://doi.org/10.3390/diagnostics13182984
https://doi.org/10.1038/s41598-023-40927-7
https://doi.org/10.3390/ijerph191912321
https://www.ncbi.nlm.nih.gov/pubmed/36231617
https://doi.org/10.1016/j.dsx.2014.04.035
https://www.ncbi.nlm.nih.gov/pubmed/25042166
https://doi.org/10.1016/j.cytox.2022.100064
https://www.ncbi.nlm.nih.gov/pubmed/35128381
https://doi.org/10.1016/j.atherosclerosis.2005.10.031
https://www.ncbi.nlm.nih.gov/pubmed/16325822
https://doi.org/10.4314/ahs.v17i1.13
https://doi.org/10.1210/en.2005-0406
https://www.ncbi.nlm.nih.gov/pubmed/15905315
https://doi.org/10.1007/s12020-015-0741-4
https://doi.org/10.1080/21623945.2017.1402151
https://doi.org/10.2337/db07-0435
https://www.ncbi.nlm.nih.gov/pubmed/18375436
https://doi.org/10.3390/ijms20051190
https://www.ncbi.nlm.nih.gov/pubmed/30857216
https://doi.org/10.1097/TA.0000000000001610
https://www.ncbi.nlm.nih.gov/pubmed/28697011
https://doi.org/10.1007/BF03347059
https://www.ncbi.nlm.nih.gov/pubmed/20671416
https://doi.org/10.3390/ijms241814179
https://doi.org/10.1016/j.bbrc.2014.03.076
https://www.ncbi.nlm.nih.gov/pubmed/24667608
https://doi.org/10.1016/j.mad.2019.01.004
https://www.ncbi.nlm.nih.gov/pubmed/30650338


Int. J. Mol. Sci. 2024, 25, 7630 22 of 22
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