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Abstract

Background Thyroid hormone (TH) sensitivity at type 1 diabetes mellitus (T1DM) onset and its connection
with acute kidney injury (AKI) has not been investigated. We aimed to evaluate changes in TH sensitivity in children
with and without AKI at TIDM onset and to assess the role of euthyroid sick syndrome (ESS) in this relationship.

Methods We included 161 children with new-onset T1DM and followed them until renal function normalized. The
free triiodothyronine (FT3)/free thyroxine (FT4) ratio was used to assess peripheral TH sensitivity, while the TSH index
(TSHYI), thyrotroph T4 resistance index (TT4RI), thyrotroph T3 resistance index (TT3RI), Thyroid Feedback Quantile-
based Index (TFQI), and parametric TFQI (PTFQI) were used for central sensitivity.

Results Patients with AKl exhibited greater weight loss, higher serum ketones, creatinine, corrected sodium, and gly-
cated hemoglobin, but lower bicarbonate and estimated glomerular filtration rate compared to those without AKI.
Logistic regression showed that the odds of AKl increased by 11.5-fold for each unit decrease in TFQI, 4.0-fold per unit
decrease in PTFQI, and 1.7-fold per unit decrease in TSHI, adjusting for age and gender. After adjusting for age, gender,
and ESS, the odds for AKI significantly increased (4.8-fold for each 1-unit decrease) only for TFQI.

Conclusions AKIl at the onset of T1DM has a dual effect on TH. It reduces peripheral sensitivity while increasing
central sensitivity. This effect appears to be largely driven by ESS, with the exception of the association between AKI
and TFQI, which remains independent of ESS.
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Background
The onset of type 1 diabetes mellitus (T1DM) can be
complicated by diabetic ketoacidosis (DKA) [1] and acute
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directly and indirectly, impact renal development, struc-
ture, hemodynamics, glomerular filtration rate, and the
regulation of water and electrolyte balance [7]. The inter-
actions between free thyroxine (FT4), free triiodothyro-
nine (FT3), and thyroid-stimulating hormone (TSH) can
be assessed using TH sensitivity indices, with various
indices appearing to correlate with organ dysfunction,
including kidney function [7].

TH sensitivity is a newly proposed functional con-
cept. It refers to the responsiveness of the body’s tissues
to THs [8, 9]. Evaluating TH sensitivity can be valuable
as it offers insights into how effectively these hormones
regulate various physiological processes in the body [10].
Subsequently, researchers have proposed indices repre-
senting impaired sensitivity to TH [8, 9].

As reported, a reduced central sensitivity to TH has
been observed in euthyroid adults with reduced renal
function [11] and in euthyroid children and adolescents
with overweight/obesity [12].

To our knowledge, a potential role of THs in maintain-
ing metabolic equilibrium in T1DM has been proposed
[13]; however, the sensitivity to TH at T1IDM onset and
its relationship with AKI have not yet been explored in
detail.

So far, only the euthyroid sick syndrome (ESS) has
been studied in the context of TIDM onset [14—16]. ESS
develops in approximately 37% of the children at TIDM
onset [15], rising to 57% in those with DKA [14, 16], indi-
cating thyroid involvement during TIDM onset.

Based on our previous findings that patients with EES
at T1DM onset experienced more severe kidney compli-
cations [15], we hypothesized that sensitivity to TH could
be influenced by both ESS and AKI in children with
T1DM onset. Therefore, our aims were (i) to evaluate
how TH sensitivity changes in children with and without
AKI at T1DM onset, and (ii) to analyze the impact of ESS
on the relationship between TH sensitivity and AKI. To
achieve these aims we analyzed the DiAKIdney cohort
[4].

Methods

The DiAKldney cohort was enrolled consecutively
from December 2017 to August 2019 [4]. The study was
approved by the Research Ethics Committee of Uni-
versita degli Studi della Campania “Luigi Vanvitelli”
(approval number 368), and written informed consent
was obtained from all parents. As previously described
[4], participants were eligible if they had onset of TIDM
before the age of 18 and were not receiving any medica-
tion other than intravenous 0.9% NaCl infusion. Partici-
pants were excluded if they had been on medication for
chronic conditions prior to TIDM onset, failed to return
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for scheduled follow-ups, or had congenital anomalies of
the kidney and urinary tract.

All participants had autoimmune T1DM, confirmed
at diagnosis by the presence of glutamic acid decarbox-
ylase, islet antigen 2, insulin, and/or Zinc transporter 8
antibodies at diagnosis. Consistent insulin therapy was
required for all following diagnoses.

After discharge, participants were followed up after
14 days. Those who had not recovered from AKI by
that time returned after 30 days and, if necessary, after
60 days.

For the analyses of this manuscript, we used data on
age, weight, serum creatinine (measured by the Jaffe
method [17, 18]), ketones, Na, Cl, bicarbonates, glycated
hemoglobin (HbAlc) at T1IDM onset and follow-up vis-
its. Additionally, we collected data on TSH, FT4, and FT3
concentrations at TIDM onset. Anti-thyroglobulin and
anti-thyroid peroxidase antibodies were also measured in
all participants. Thyroid hormones were reassessed after
6—12 months.

The Jaffe creatinine method is based on the reaction
with alkaline picrate. At an alkaline pH, creatinine in the
sample reacts with picrate to form a creatinine-picrate
complex [17, 18]. The rate of increase in absorbance at
500 nm, due to the formation of this complex, is directly
proportional to the concentration of creatinine in the
sample [17].

We corrected the Na levels for blood glucose lev-
els using the following formula: ([glucose (mg/
dL)/18] —5.6)x0.36 + serum Na [3, 4].

The original DiAKIdney cohort included 185 partici-
pants. One participant was excluded due to autoimmune
thyroiditis and overt severe hypothyroidism, and 23 were
excluded due to the unavailability of thyroid hormone
data at T1IDM onset.

Definitions
ESS was defined as decreased FT3 and/or FT4 levels with
normal or reduced TSH concentrations [15].

DKA was defined by blood glucose levels >200 mg/
dL, pH <7.3, or bicarbonates <15 mEq/L, along with ele-
vated serum ketones [4].

AKI was defined based on Kidney Disease: Improv-
ing Global Outcomes (KDIGO) serum creatinine and/or
urine output criteria [19].

Baseline creatinine values were taken from the most
recent follow-up when all biochemical parameters had
normalized and the estimated glomerular filtration rate
(eGFR) was within the normal range for age [20].

Calculations of parameters indicating sensitivity to TH
The sensitivity to TH can be evaluated both at the periph-
eral and central levels.
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Peripheral sensitivity to TH

The FT3/FT4 ratio reflects the peripheral metabolism of
thyroid hormones and serves as a tool to assess periph-
eral sensitivity to these hormones [21, 22]. An elevated
FT3/FT4 ratio indicates heightened peripheral sensitiv-
ity to thyroid hormones, whereas a lower ratio suggests
reduced sensitivity [21, 22].

Central sensitivity to TH

Indexes of central sensitivity included the TSH index
(TSHI), thyrotroph T4 resistance index (TT4RI) and thy-
rotroph T3 resistance index (TT3RI), Thyroid Feedback
Quantile-based Index (TFQI), parametric TFQI (PTFQI),
which were calculated as follows:

— TSHI=In TSH (mIU/L)+0.1345 * FT4 (pmol/L).

Higher values suggest reduced sensitivity of the pitui-
tary—hypothalamic—thyroid axis (HPT) to TH, indicating
that more TSH is required to achieve a given FT4 level.
Conversely, lower values reflect increased sensitivity to
TH [9, 23].

— TT4RI=FT4 (pmol/L) * TSH (mIU/L)
— TT3RI=FT3 (pmol/L) * TSH (mIU/L).

Both TT4RI and TT3RI reflect the pituitary’s sensi-
tivity to T4 and T3 feedback, respectively. Higher val-
ues indicate reduced sensitivity, potentially suggesting
altered regulation or resistance to T4 or T3 at the central
level [9].

— TFQI=cumulative distribution function
(cdf) — (1 —cdf TSH) [8, 21, 23].

The TFQI serves as a more effective indicator of the
HPT response to variations in peripheral serum FT4 or
FT3 levels. It continuously measures deviations from the
typical pituitary response (inhibition) to thyroid hor-
mones [8, 21, 23]. TFQI uses the cdf of thyroid hormones
and TSH. This ensures that individual values are inter-
preted relative to the specific population’s distribution.
By normalizing values to the reference population, TFQI
allows direct comparison of HPT axis sensitivity between
different populations, even if their absolute hormone lev-
els differ [8, 21, 23].

The index ranges from—1 to 1, with positive values
indicating reduced sensitivity to TH, negative values indi-
cating increased sensitivity, and a value of O representing
normal sensitivity to TH.
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- PTFQI=® ([FT4—-uFT4/c FT4]-(1-O [In
TSH—u In TSH/o In TSH]), where pFT4=10.075, ¢
FT4=2.155, uIn TSH=0.4654, o In TSH=0.7744.

The PTFQI was developed as an approximation to be
applied across various populations, and its interpretation
is similar to that of the TFQI [23]. It offers a standard-
ized approach for evaluating central sensitivity to thyroid
hormones, particularly useful in studies involving multi-
ple populations because it incorporates population-based
statistical parameters (mean, y, and standard deviation,
0) for FT4 and TSH distributions [23].

Statistical analysis

P values<0.05 were considered statistically significant.
Differences in continuous variables were analyzed using
the independent-sample t-test for normally distributed
variables and with the Mann—Whitney test in case of
non-normality. Qualitative variables were compared
using the chi-square test. Logistic regression was used
to assess the association between TH sensitivity and AKI
and TH sensitivity and ESS. The SPSS 29 software was
used for all statistical analyses.

Results

General characteristics

One hundred and sixty-one patients met the inclusion cri-
teria and were included in the analyses of this study. As
previously described [15], the enrolled patients had a mean
age of 9.1 years+4.0 standard deviation. Seventy-three
patients (45.3%) developed AKI at the onset of TIDM. All
patients who developed AKI achieved creatinine normali-
zation within 14 days of its onset. Among the participants,
ESS was identified in 60 out of 161 cases (37.3%). ESS
resolved in all affected participants when thyroid hormone
levels were reassessed after a median of 12 months follow-
ing T1DM onset (range: 6—12 months) [15].

Comparing the characteristics of patients with and
without AKI, we found that those with AKI presented
with greater weight loss, higher serum ketones, creati-
nine, corrected serum Na, and HbAlc levels, and lower
serum bicarbonate and eGFR levels compared to patients
without AKI (Table 1). Furthermore, patients with AKI
had a higher prevalence of DKA than those without AKI
(76.7% vs 32.9%; p <0.001) (Table 1).

Thyroidal status

Sensitivity to TH according based on the presence or absence
of AKI

Analyzing the thyroidal status, patients with AKI had
a higher prevalence of ESS and lower FT3, TSH, TFQI,



Guarino et al. BMC Medicine (2025) 23:123 Page 4 of 9
Table 1 Clinical characteristics of enrolled patients classified on the basis of presence or absence of AKl at T1IDM onset
AKI (yes) AKI (no) p
No.=73 No.=88

At T1DM onset Age, year 89 (4.4) 9.2(3.8) 0.66
Male sex, No. (%) 37 (50.7) 37 (42.0) 027
Weight loss, % 10.5 (7.8) 6.1(54) <0.001
DKA, No. (%) 56 (76.7) 29(32.9) <0.001
ESS, No. (%) 20 (27.4) 40 (45.5) <0.001
Serum bicarbonate level, mEq/L, mean (SDS) 12.7 (5.9) 19.1 (5.8) <0.001
Serum ketones, mmol/L, mean (SDS) 56(2.5) 32(26) <0.001
eGFR, mL/min/1.73m? mean (SDS) 76.3 (18.6) 110.1 (21.6) <0.001
Creatinine, mg/dL, median (IQR) 1.0 (0.42) 0.69 (0.16) <0.001
Corrected serum Na level, mEq/L, mean (SDS) 141.0 (4.4) 139.3(2.9) 0.005
Serum chloride levels, mEqg/L, median (IQR) 104.0 (8.0) 102.0 (5.0) 0.17
HbA1c, %, mean (SDS) 11.9(1.6) 11.1(2.2) 0.01
TSH, mlU/L, median (IQR) 25(1.3) 2.8(1.6) 0.09
FT3, pmol/L, mean (SDS) 2.1(0.93) 2.8(0.69) <0.001
FT4, pmol/L, mean (SDS) 10.3(2.7) 12.0(1.8) <0.001
TFQI, mean (SDS) -0.13(0.32) 0.08 (0.26) <0.001
PTFQI, mean (SDS) —0.12(043) 0.11(0.38) <0.001
FT3/Ft4 ratio, mean (SDS) 0.20 (0.08) 0.23 (0.06) 0.004
TSH index, mean (SDS) 2.3(0.69) 2.6 (0.66) 0.02
TT4RI, median (IQR) 259 (15.6) 33.9(225) 0.02
TT3RI, median (IQR) 52(4.7) 7.8 (6.5) 0.001

At follow-up BMI, SDS 194 (3.6) 18.9 (4.0) 037
eGFR, mL/min/1.73m? mean (SDS) 131.1(18.8) 1266 (16.4) 0.10
Creatinine, mg/dL, median (IQR) 0.58 (0.15) 0.58 (0.1) 0.13
TSH, mlU/L, median (IQR) 25(1.6) 24(1.2) 033
FT3, pmol/L, mean (SDS) 33(041) 3.5(043) 0.002
FT4, pmol/L, mean (SDS) 11.2(1.88) 11.1 (2.46) 0.75
TFQI, mean (SDS) —0.001(0.32) —-0.08(0.29) 0.10
PTFQI, mean (SDS) 0.03(0.35) —0.06 (0.34) 0.10
FT3/Ft4 ratio, median (IQR) 0.30 (0.08) 0.32 (0.08) 0.05
TSH index, mean (SDS) 2.5(0.54) 2.3(0.55) 0.04
TT4RI, median (IQR) 274(18.8) 24.7 (13.3) 0.07
TT3RI, median (IQR) 8.8 (5.6) 84 (4.8) 0.30

Abbreviations: AKl, acute kidney injury; DKA, diabetic ketoacidosis; eGFR, estimated glomerular filtration rate; ESS; euthyroid sick syndrome; FT3, free triiodothyronine;
FT4, free thyroxine; HbATc, glycated hemoglobin; TFQI, parametric TFQI; T1DM, type 1 diabetes mellitus; TFQ/, Thyroid Feedback Quantile-based Index; TSH, thyroid-
stimulating hormone; TSHI, TSH index; TT3RI, thyrotroph T3 resistance index; TT4RI, thyrotroph T4 resistance index

PTEQI, FT3/FT4 ratio, TSH index, TT4RI, and TT3RI
compared to those without AKI (Table 1). At follow-up,
patients who had presented with AKI continued to have
lower FT3 and FT3/FT4 ratio, along with a higher TSH
index compared to those who had not developed AKI.

Sensitivity to TH based on the presence or absence of ESS

When comparing the TH and sensitivity between
patients with and without ESS, we found that those with
ESS had lower FT3, FT4, TFQI, PTFQI, FT3/FT4 ratio,
TSH index, TT4RI, and TT3RI values compared with

patients without ESS (Table 2). At follow-up, patients
with ESS had persistently lower FT3 values, with no sig-
nificant differences in FT4, TFQI, PTFQI, Ft3/Ft4 ratio,
TSH index, TT4RI, and TT3RI compared to those with-
out ESS (Table 2).

Association between TH sensitivity and AKI at logistic
regression analyses

According to logistic regression analysis, the OR for AKI
increased by 11.5-fold for each 1-unit decrease in TFQI,
by 4.0-fold for each 1-unit decrease in PTFQ], by 1.1-fold



Guarino et al. BMC Medicine (2025) 23:123 Page 5 of 9
Table 2 Thyroidal status of enrolled patients classified on the basis of presence or absence of ESS at TIDM onset
ESS (yes) ESS (no) p
No.=60 No.=101

At T1DM onset TSH, mlIU/L, median (IQR) 254 (1.16) 2.78(1.67) 0.058
FT3, pmol/L, mean (SDS) 1.55(0.52) 3.02 (0.52) <0.001
FT4, pmol/L, mean (SDS) 9.4 (2.35) 12.3(1.69) <0.001
TFQI, mean (SDS) -0.24(0.37) 0.12 (0.24) <0.001
PTFQI, mean (SDS) —0.26(0.37) 0.16 (0.37) <0.001
FT3/Ft4 ratio, mean (SDS) 0.17 (0.06) 0.25 (0.05) <0.001
TSH index, mean (SDS) 2.2(0.72) 2.7 (0.60) <0.001
TT4RI, median (IQR) 23.8(19.1) 34.2(27.8) <0.001
TT3RI, median (IQR) 3.74(34) 84(6.8) <0.001

At follow-up TSH, mlIU/L, median (IQR) 24(14) 24(15) 0.68
FT3, pmol/L, mean (SDS) 3.3(032) 3.5(047) <0.001
FT4, pmol/L, mean (SDS) 11.0(1.9) 11.3(24) 047
TFQI, mean (SDS) —0.06 (0.31) -0.33(0.31) 0.53
PTFQI, mean (SDS) —0.03(0.36) —0.004 (0.34) 0.59
FT3/Ft4 ratio, median (IQR) 0.30 (0.09) 0.31(0.08) 0.24
TSH index, mean (SDS) 24 (0.54) 24(0.56) 0.81
TT4RI, median (IQR) 25.7(17.5) 26.6(17.1) 0.95
TT3RI, median (IQR) 79(5.0) 88(5.5) 0.80

Abbreviations: ESS; euthyroid sick syndrome; FT3, free triiodothyronine; FT4, free thyroxine; TFQI, parametric TFQI; T1DM, type 1 diabetes mellitus; TFQI,
Thyroid Feedback Quantile-based Index; TSH, thyroid-stimulating hormone; TSHI, TSH index; TT3RI, thyrotroph T3 resistance index; TT4RI, thyrotroph T4 resistance

index

for each 0.1-unit decrease in the FT3/FT4 ratio, and by
1.7-fold for each 1-unit decrease in the TSH index, after
adjusting for age and gender (Fig. 1A).

After adjusting for age, gender, and ESS, the OR for
AKI significantly increased (4.8-fold for each 1-unit
decrease) only for TFQI (Fig. 1B).

Discussion

Our study investigates the association between AKI and
sensitivity to THs, as well as the impact of ESS on this
relationship. We found that patients with AKI at the onset
of T1IDM exhibit increased sensitivity to TH at the cen-
tral level. This is demonstrated by the reduction in indices
such as TFQI, PTFQI, TSH index, TT4RI, and TT3RI in
patients with AKI compared to those without, as well as
by the association of these indices with AKI in the logistic
regression model adjusted for age and gender. These indi-
ces reflect the regulatory interaction between the pituitary

(See figure on next page.)

gland and the thyroid, which governs the feedback loop
of hormone production [24]. A reduction in these values
heightened the sensitivity of the HPT axis to thyroid hor-
mone fluctuations, indicating a more pronounced feed-
back response to changing hormone levels [9, 21-23].
Conversely, the study shows a reduced sensitivity to
TH at the peripheral level, as evidenced by a lower FT3/
FT4 ratio in patients with AKI compared to those with-
out, and by the significant association between a reduced
FT3/FT4 ratio and AKI in multiple logistic regression
analysis corrected for age and gender. This aligns with
the findings of Zeng et al., who reported that in euthyroid
adults undergoing elective percutaneous coronary inter-
vention, low FT3/FT4 ratio was independently associated
with an increased risk of contrast-associated AKI [25].
The FT3/FT4 ratio reflects the efficiency of the conver-
sion of FT4 to its more active form, FT3, in peripheral
tissues [26]. A lower ratio may indicate reduced periph-
eral tissue responsiveness or efficiency in this conversion

Fig. 1 Odds ratio of AKI at TIDM onset based on thyroid sensitivity indices, adjusted for age and gender (A) and adjusted for age, gender, and ESS
(B). The displayed OR represents a reduction of 1 unit for each parameter, except for the FT3/FT4 ratio, where it reflects a reduction of 0.1 unit.
Abbreviations: AKI, acute kidney injury; ESS, euthyroid sick syndrome; FT3, free triiodothyronine; FT4, free thyroxine; TFQI, parametric TFQI; T1DM,
type 1 diabetes mellitus; TFQI, Thyroid Feedback Quantile-based Index; TSH, thyroid-stimulating hormone; TSHI, TSH index; TT3RI, thyrotroph T3

resistance index; TT4RI, thyrotroph T4 resistance index
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A Adjusted for age and gender
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TSHindex :1.7,(1.1,2.8) 0.03 -
PTFQl :4.0,(1.8,9.2) 0.001 . |
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TSHindex :1.2,(0.7,2.0) 0.57 =
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—TTrTrT T T T T T T T T
Q ) K S
Odds Ratio

Fig. 1 (See legend on previous page.)
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process, leading to diminished peripheral thyroid hor-
mone action [22].

One possible explanation for these seemingly con-
trasting findings is that peripheral resistance to TH
may represent a protective adaptation to reduce met-
abolic stress and energy consumption, especially in
tissues affected by inflammation, oxidative stress, or
energy shortages, as often seen in AKI [27, 28] and at
the onset of TIDM [28-30]. As a consequence of this
peripheral resistance, the central hypersensitivity could
be a compensatory response by the HPT axis to main-
tain thyroid hormone levels and feedback control in the
face of peripheral inefficiency.

These associations appear to be driven by ESS, a con-
dition characterized by altered TH metabolism during
acute illness without underlying thyroid dysfunction
[15]. In ESS, alterations such as reduced FT3 produc-
tion—closely associated with disease severity—are
common and reflect impaired peripheral TH activity
[31]. Thus, the increased central sensitivity may serve
as a compensatory mechanism in response to periph-
eral resistance, ensuring adequate central TH produc-
tion to meet the body’s needs under altered conditions.
Our findings partly support this hypothesis. With the
exception of the association between AKI and TFQI,
which remained significant in logistic regression analy-
sis even after adjusting for ESS, the other associations
lost their significance after adjustment for ESS.

From a pathophysiological perspective, one of the key
mechanisms may involve the increase in pro-inflamma-
tory cytokines (e.g., IL-6 and IL-8), which are commonly
observed in children with DKA [32] or AKI [33]. These
and other pro-inflammatory cytokines can impair thy-
roid function, contributing to the development of ESS
and correlated changes in sensitivity to TH [34—36].

At the follow-up, we found that these differences in TH
sensitivity between patients with and without AKI either
completely disappeared (for TFQI, PTFQI, TT4RI, and
TT3RI) or were mitigated (for TSHI and FT3/FT4 ratio).

To the best of our knowledge, no studies have previ-
ously investigated the relationship between TH sensitiv-
ity and AKI in the context of T1DM onset. TH sensitivity
has only been studied in children with TIDM during the
follow-up, compared with controls, and no differences in
central sensitivity to TH were found between the groups
[13]. However, patients with T1IDM did exhibit a higher
FT3/FT4 ratio, indicating increased peripheral sensitivity
to TH [13].

Patients who experience an episode of AKI, particu-
larly in its severe forms, are inherently at increased risk
of developing CKD [5, 37]. Furthermore, evidence has
shown that a longer timing of functional recovery from
AKI is strongly associated with future adverse outcomes
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[38]. This highlights the necessity for clinicians managing
patients with AKI to carefully consider both the severity
of the condition and its progression, tailoring diagnostic
and therapeutic strategies to promote rapid and complete
recovery of kidney function [39].

In a previous study, we demonstrated that patients
with both AKI and ESS required a longer time to recover
kidney function compared to those with AKI alone [15].
Given that ESS is closely associated with altered TH sen-
sitivity, it is plausible that patients with both AKI and
ESS—along with their associated TH dysfunction—may
face an additional risk of developing CKD in the long
term compared to those with AKI alone. Long-term fol-
low-up studies are necessary to confirm this hypothesis.

The observation that ESS and AKI, along with their
impaired TH sensitivity, resolved in all participants sug-
gests that treating thyroid dysfunction in these cases
may not be necessary. It may simply reflect the greater
severity of TIDM onset, which itself is associated with
an elevated risk of complications such as AKI. How-
ever, whether a short course of TH treatment could
accelerate AKI recovery and thereby reduce the risk of
CKD remains an open question that warrants further
investigation.

A limitation of our study is the single-center enroll-
ment of the patients. However, this may be mitigated by
the homogenous management of patients and their pro-
spective enrollment.

Another limitation, applicable to all studies evaluating
kidney function at the onset of T1DM, is that patients
with DKA may exhibit elevated serum creatinine lev-
els not only due to dehydration but also due to potential
interference from ketoacids with the plasma creatinine
assay, leading to falsely elevated plasma creatinine con-
centrations [40, 41]. Nevertheless, serum creatinine
remains the primary marker of renal function used in
routine clinical practice, even in patients with DKA.
Therefore, there is a need to explore and adopt alternative
markers of kidney function to enhance clinical practice.

Conclusions

In conclusion, we showed that AKI at the onset of TIDM
has a dual effect on TH. It reduces peripheral sensitivity
while increasing central sensitivity. This effect appears to
be largely driven by ESS, with the exception of the associ-
ation between AKI and TFQI, which remains independ-
ent of ESS. Future research could focus on evaluating
whether these changes in TH sensitivity have long-term
effects on kidney function.
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