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ARTICLE INTFO ABSTRACT
Article history: Background: There is still a lack of information regarding the impact of sodium-glucose
Received 22 November 2023 cotransporter 2 inhibitors (SGLT2i) on bone and mineral metabolism in patients with dia-
Accepted 8 June 2024 betes and chronic kidney disease (CKD). Therefore, we aimed to investigate the effects of
Available online 11 June 2024 SGLT?2i in a cohort of patients suffering from diabetic kidney disease (DKD).

Methods: In this prospective observational study, patients with type 2 diabetes and biopsy-
Keywords: proven diabetic nephropathy or presumptive DKD with eGFR levels >20 ml/min/1.73m2
Dapagliflozin and 25-OH vitamin D levels >20 ng/dl were included. 41 used SGLT2i (study group) and
FGF-23 39 continued their current treatment regimens (control group). Serum FGF-23, sclerostin,
Hydroxyproline osteoprotegerin (OPG), and hydroxyproline levels were measured at baseline, 1 month and
Osteoprotegerin 3 months after treatment.
Sclerostin Results: Mean age of all patients was 67 +9.3 years, and 48 (60%) were female. All patients

in the study group used dapagliflozin. Taking into account the renal functions at the com-
mencement of the study, the eGFR values for the study group and the control group were
51.2415.6 and 44.6 £+ 16.9 ml/min/1.73m?, respectively (p=0.01). After three months, these
values were observed to be 47.4 4 16.7 and 44.3 + 18.8 ml/min/1.73m? (p=0.43), respectively.
At baseline, OPG levels were higher in the study group (p=0.025) but there were no differ-
ences between the groups in terms of FGF-23 and sclerostin levels (p=0.670 and p=0.467,
respectively). Levels of OPG, FGF-23, and sclerostin significantly decreased throughout 3
months of treatment with dapagliflozin (p < 0.001 for all). Hydroxyproline levels also declined
but did not reach to statistical significance (p=0.075). Multiple linear regression models
revealed that treatment with SGLT2i was associated with the change in levels of sclerostin
(B=0.303, p=0.011) and OPG (8=0.210, p =0.010), but not with FGF-23 (=0.089, p =0.150).
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Conclusions: FGF-23, sclerostin and OPG levels significantly declined after treatment with

dapagliflozin for 3 months.
© 2024 Sociedad Espaiola de Nefrologia. Published by Elsevier Espana, S.L.U. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).

Efectos a corto plazo de la dapagliflozina sobre biomarcadores del
metabolismo 6seo y mineral en pacientes con enfermedad renal
diabética: un estudio prospectivo observacional

RESUMEN

Antecedentes: Existe ain una falta de informacién sobre el impacto de los inhibidores del
cotransportador de sodio-glucosa 2 (SGLT2i) en el metabolismo éseo y mineral en pacientes
con diabetes y enfermedad renal crénica (ERC). Por esta razén, nos propusimos investigar
los efectos de loa SGLT2i en una cohorte de pacientes con enfermedad renal diabética (ERD).
Meétodos: En este estudio prospectivo observacional, se incluyeron pacientes con diabetes
tipo 2 y presencia de nefropatia diabética (ERD) bien sea confirmada por biopsia o con
sospecha de la misma, con niveles de eGFR > 20 mL/min/1,73 m? y niveles de vitamina
D (25-OH) > 20 ng/dL. Los pacientes se asignaron a dos grupos: un total de 41 pacientes que
fueron tratados con SGLT2i (grupo de estudio) y 39 que continuaron con sus regimenes de
tratamiento habituales (grupo control). Se midieron los niveles séricos de FGF-23, escle-
rostina, osteoprotegerina (OPG) e hidroxiprolina al inicio, al primero y a los tres meses
después del tratamiento.
Resultados: La edad media de todos los pacientes fue de 67 + 9,3 afos, y 48 (60%) eran mujeres.
Todos los pacientes en el grupo de estudio utilizaron dapagliflozina. Considerando las fun-
ciones renales al inicio del estudio, los valores de eGFR para el grupo de estudio y el grupo
control fueron 51,2 + 15,6 y 44,6 + 16,9 mL/min/1,73 m?, respectivamente (p = 0,01). Después
de tres meses, los valores observados fueron de 47,4 + 16,7 y 44,3 + 18,8 mL/min/1,73 m? (p =
0,43), respectivamente. Al inicio, los niveles de OPG fueron mas altos en el grupo de estudio
(p = 0,025), pero no hubo diferencias entre los grupos en cuanto a los niveles de FGF-23 y
esclerostina (p=0,670y p = 0,467, respectivamente). Los niveles de OPG, FGF-23 y esclerostina
disminuyeron significativamente durante los tres meses de tratamiento con dapagliflozina
(p < 0,001 para todos). Los niveles de hidroxiprolina también disminuyeron, pero no alcan-
zaron significancia estadistica (p = 0,075). Los modelos de regresién lineal multiple revelaron
que el tratamiento con SGLT2i estuvo asociado con el cambio en los niveles de esclerostina
(8 =0,303, p=0,011) y OPG (B = 0,210, p = 0,010), pero no con FGF-23 (8 = 0,089, p = 0,150).
Conclusiones: Los niveles de FGF-23, esclerostina y OPG disminuyeron significativamente
luego del tratamiento con dapagliflozina durante tres meses.
© 2024 Sociedad Espanola de Nefrologia. Publicado por Elsevier Espana, S.L.U. Este es un
articulo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/licenses/
by-nc-nd/4.0/).

Introduction

and CKD as a first line treatment if estimated glomerular fil-
tration rate (eGFR) > 20 ml/min/1.73m?.2 In addition to their
effects on glomerular hemodynamics, it has been suggested

Diabetes mellitus (DM) is a worldwide disease that progresses
with macrovascular and microvascular complications and one
of the leading causes of chronic kidney disease (CKD) around
the world.! Patients with DM and CKD are at risk for acute
diabetes complications such as hypoglycemia and diabetic
ketoacidosis, but they should also be monitored for long-term
complications such as retinopathy, neuropathy, nephropathy,
and cardiovascular disease.” Sodium-glucose cotransporter
2 inhibitors (SGLT2i) have recently become a drug of choice
in patients with diabetic kidney disease (DKD). Most recent
The Kidney Disease: Improving Global Outcomes (KDIGO) 2022
guideline recommended SGLT2i in patients with type 2 DM

that SGLT2i might alter calcium and phosphate metabolism,
with minor increases in serum magnesium, phosphate, and
parathormone (PTH) due to its renal tubular mechanism of
action.>*

Changes in these components in CKD have significant
clinical consequences in the bone and vascular systems,’
including decreased bone mass, increased fragility and frac-
ture, and vascular and valvular calcifications.® Bone and
mineral markers such as osteoprotegerin (OPG), sclerostin,
fibroblast growth factor-23 (FGF-23), and hydroxyproline are
known to play a role in events such as metabolic bone disease,
vascular calcification, and inflammation.”1° More clinical
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Patients with disbe tic
nephropathy (n=155) were identified.

65 patients were excluded due to:

- eGFR <20 ralriv/l 73 r® (n=12)
- Osteoporosis (n=11)
- Refusal to participate in the study(n=11)

A 4

47 and 43 patients were included in
the study and control groups, respectively.

— 7| - Baseline 25-OH vitamin D levels <20 ngidl

(n=11)

- A recentchange in diuretic regimen (n=10)

- A recent change in anti-diabetic redications
(n=9)

- Conticosteroid usz (n=1)

3 patients stopped using dapagliflozin due to

41 and 39 patients in the study and
control groups were analyzed, respectively.

v

dysuria, and 3 patients did not take the drg. 2
patients were lost to follow-up. Saraples of 2 patients
could not be retrieved.

Abbreviations: eGFR: estimated glomerular filtration rate.

Fig. 1 - Flow chart of the study.

research is needed to determine whether SGLT-2i affect bone
metabolism.

We hypothesized that biomarkers such as OPG, scle-
rostin, FGF-23 and hydroxyproline, which have been shown
to be related to vascular calcification and inflammation,
may change positively in patients with DKD treated with
dapagliflozin. Therefore, we aimed to investigate the effects
of dapagliflozin in a cohort of patients suffering from DKD.

Materials and methods
Patients

Patients with a previous diagnosis of type 2 DM and
biopsy-proven or presumptive DKD urinary albumin-
creatinine ratio>30mg/g or urinary protein-creatinine
ratio (UPCR)>200mg/g, or eGFR<60ml/min/1.73m? in
minimum two occasions 3 months apart who had eGFR lev-
els >20ml/min/1.73m? and 25-OH vitamin D levels > 20 ng/dl
were included in this prospective observational study. Among
155 patients with DKD followed up in our nephrology out-
patient clinic, 90 patients met the aforementioned criteria,
and SGLT2i were offered to all patients. In our country, only
dapagliflozin and empagliflozin were reimbursed by the
single-payer healthcare system, and the choice of SGLT2i was
at the discretion of treating physician. Those who chose to
use SGLT-2i were classified as ‘study group’, while those who
continued their current treatment regimen were classified as
‘control group’. All participants were informed in detail about

the content of the study and included in the study with a
voluntary consent form. Patients with a diagnosis of osteo-
porosis or using corticosteroids were excluded. Furthermore,
those whose diuretic and anti-diabetic treatment regimens
were changed during the 3-month follow-up were excluded
from the study. Flow chart is shown in Fig. 1.

As part of the demographic data, age, sex, duration of DM,
comorbidities and drug uses were noted. Patients in the study
group were evaluated at baseline, and 1 month and 3 months
after treatment initiation. The control group was evaluated at
baseline and 3 months.

Biomarkers

After 8-10h of fasting, venous blood samples were taken from
the participants in the morning, and the samples were sent to
the laboratory on the same day without waiting, and routine
biochemical analyses were performed. Within the scope of the
study, 5ml of sample were separated from the venous blood
sample taken during routine blood collection by puttingitinto
a gel-free tube. These separated samples were centrifuged at
4000rpm for 10min to separate plasma and serum. Serum
samples were stored at —80 °C until the time of analysis. UPCR
and urinalysis were performed in first morning specimens of
the day of blood sampling.

Serum FGF-23, sclerostin, OPG, and hydroxyproline lev-
els, as well as urea, creatinine, sodium, potassium, calcium,
albumin, phosphate, magnesium levels were measured. Bio-
chemical tests were performed with the Abbott Diagnostic
Architect c16000 Clinical Biochemistry Analyzer. Creatinine
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Table 1 - Baseline clinical characteristics of all patients.

Characteristics Study Control P
(n=41) (n=39)
Age (years), mean & SD 65.9+9.2 67.9+9.2 0.35
Sex (female), n (%) 25 (60.9) 23 (58.9) 0.86
Duration of diabetes mellitus (years), mean + SD 13.7+10.0 13.2+8.1 0.90
KDIGO CKD stages according to eGFRs
Stage 2 (60-89 ml/min/1.73 m?) 9 (22) 4 (10.5) 0.03
Stage 3 (30-59 ml/min/1.73 m2) 30 (73.2) 25 (64.1)
Stage 4 (15-29 ml/min/1.73 m?) 1(2.4) 9(23.7)
Diabetic retinopathy, n (%) 23 (56.1) 23 (58.9) 0.59
Cardiovascular disease, n (%) 13 (31.7) 9(23.1) 0.35
Hypertension, n (%) 40 (97.6) 37 (94.9) 0.53
Peripheral arterial disease, n (%) 2(4.9) 1(2.6) 0.59
Drug use, n (%)
Renin-angiotensin system blockers 35 (85.3) 32 (82.0) 0.69
Diuretics 17 (41.5) 15 (38.5) 0.52
Beta blockers 21 (51.2) 16 (41.0) 0.36
Alpha blockers 5(12.1) 4(10.3) 0.78
Dihydropyridine CCB 15 (36.5) 17 (43.5) 0.52
Non-dihydropyridine CCB 0 (0) 1(2.6) 0.30
Statins 19 (46.3) 13 (33.3) 0.24
Metformin 24 (58.5) 21 (53.8) 0.67
DPP-4 inhibitors 24 (58.5) 18 (46.2) 0.27
Sulfonylurea 3(7.3) 3(7.7) 0.95
Insulin 16 (39) 11 (28.2) 0.31
Acetylsalicylic acid 17 (41.5) 13 (33.3) 0.45
25-OH vitamin D 11/33 (33.3) 24/37 (64.9) 0.008
L-Thyroxine 7 (17.1) 5(12.8) 0.59
Gabapentin 1(2.4) 1(2.6) 0.96

Abbreviations: CCB: calcium channel blocker, CKD: chronic kidney disease, DPP-4: dipeptidyl peptidase-4, eGFR: estimated glomerular filtration
rate, KDIGO: Kidney Disease: Improving Global Outcomes, SD: standard deviation. Statistically significant p values are shown in bold.

was analyzed using a standart Jaffe method on a Siemens Atel-
lica analyzer using commercially available kits manufactured
by Siemens. PTH was analyzed with the Abbott Diagnostic
i2000SR Immunoassay Analyzer, using the Chemiluminescent
Microparticle Immuno Assay method. Commercially available
enzyme-linked immunosorbent assay kits were used for OPG,
sclerostin, FGF-23 and hydroxyproline analyses OPG (cata-
log No: BTB-E1558Hu, standard curve range: 0.05-15ng/ml,
sensitivity: 0.023 ng/ml), sclerostin (catalog no: BTB-E3068Hu,
standard curve range: 0.5-200 ng/ml, sensitivity: 0.26 ng/ml),
FGF-23 (catalog no: BTB-EO059Hu, standard curve range:
5-1500 pg/ml, sensitivity: 2.49 pg/ml) (this kit is used for the
detection of intact FGF23), and hydroxyproline (catalog no:
BTB-E1900Hu, standard curve range: 20-4500 nmol/l, sensitiv-
ity: 10.22nmol/l). eGFRs of patients were calculated by using
CKD Epidemiology Collaboration (CKD-EPI) 2009 equation.'?

Statistical analysis

SPSS for Windows (SPSS version 25.0, IBM Corp., Armonk, NY,
USA) was used for statistical analysis. Results were expressed
as mean =+ standard deviation (SD) when normally distributed
or as median interquartile range (IQR), 25-75% otherwise. Cat-
egorical variables were shown as frequency (%). Comparisons
of continuous variables between two groups were made by
using t-tests or the Mann-Whitney U test. Paired t-test or
Wilcoxon signed-rank test was used to compare levels at base-

line and after the treatment. Differences in proportions of
different patient groups were compared using the Chi-squared
test. A value of each biomarker represented the subtraction
of the value at 3 months from the baseline value. In order to
determine the factors affecting the change in biomarker levels
(4), first simple and then multiple linear regression analysis
was performed. For multiple linear regression analysis, vari-
ables were selected according to their statistical significance
(p<0.10) in simple linear regression. All analyses were two
sided and a p value of 0.05 or less was considered as statis-
tically significant.

Results
Baseline characteristics of patients

Overall, 47 patients agreed to use SGLT2i and were assigned
to the study group. Forty-one of them (51.3%) completed the
follow-up and were analyzed, while the control group con-
sisted of 39 patients (48.7%). All patients in the study group
were prescribed dapagliflozin 10 mg/day. Mean age of all 80
patients was 67 +9.3 years, and 48 (60%) were female. Two
female patients in the control group and one in the study
group were in the premenopausal period. The remaining
individuals were all in the postmenopausal period; however,
we lacked information regarding the timing of their entry
into menopause. Mean duration of DM diagnosis was 13.4+9
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Table 2 - Various biochemical parameters at baseline and 3 months in study and control groups.

Biochemical parameters Study Control p Study 3 Control 3 p
baseline baseline months months
(n=41) (n=39) (n=41) (n=39)
Glucose (mg/dl), mean + SD 152.5+£51.1 129.2+£33.7 0.02 149.3+63.1 138 £53.3 0.39
HbA1lc (%), mean +SD 7.4+0.69 6.6+0.79 <0.001 7.3+1.34 6.9+1.04 0.32
Serum creatinine (mg/dl), mean +SD 1.29+0.31 1.49+0.37 0.01 1.39+0.36 1.51+0.44 0.17
eGFR (ml/min/1.73m?), mean + SD 51.2+15.6 44.6+16.9 0.07 47.4+16.7 44.3+18.8 0.43
Serum albumin (g/dl), mean + SD 4.5+0.30 4.4+0.39 0.33 45+0.31 4.4+0.36 0.19
Uric acid (mg/dl), mean + SD 6.46+1.45 6.9+1.55 0.18 6.14+1.18 7.0+1.57 0.004
Calcium (mg/dl), mean =+ SD 9.6 +0.42 9.5+0.39 0.49 9.6 +£0.40 9.5+0.36 0.20
Magnesium (mg/dl), mean + SD 1.744+0.29 1.77 £0.20 0.69 1.924+0.28 1.82+0.21 0.94
Phosphate (mg/dl), mean + SD 3.60+0.61 3.55+0.66 0.73 3.89+0.50 3.69+0.74 0.19
Sodium (mmol/l), mean + SD 139.3+2.8 139.6 £2.50 0.51 139.5+2.2 139.5+2.3 0.96
Potassium (mmol/l), mean + SD 4.89+0.4 4.63+£0.40 0.007 4.73+£0.4 4.69+0.5 0.61
Bicarbonate (mmol/l), mean + SD 26.8+2.45 26.4+2.8 0.49 26.1+2.68 27.1+33 0.13
PTH (pg/ml), median (IQR) 64.2 (45.9-90.9) 76.3 (49.4-102.6) 0.36 76.2 (45.8-109.6) 80 (48.2-115.4) 0.59
ALP (U/L), mean +SD 79.3+30.4 76.7 £26.5 0.70 79.2+28.9 76.1+27.3 0.63
Leukocyte (10°/pl), mean + SD 10.3+13.0 7.7+1.47 0.22 85+24 7.8+15 0.43
Hemoglobin (g/dl), mean + SD 12.5+1.45 12.6 +1.65 0.71 13.0+1.61 12.6+1.75 0.11
Urine density, mean + SD 1.012 £0.006 1.013 £0.005 0.39 1.018 £0.007 1.014 £0.006 0.01
Urine pH, mean + SD 6.00+0.1 6.08+0.3 0.11 6.01+0.0 6.02+0.2 0.74
UPCR (g/g), median (IQR) 0.22 (0.14-0.44) 0.29 (0.12-0.71) 0.64 0.16 (0.13-0.36) 0.21 (0.12-0.68) 0.66

Abbreviations: ALP: alkaline phosphatase, eGFR: estimated glomerular filtration rate, IQR: interquartile range, PTH: parathormone, SD: standard
deviation, UPCR: urine protein-to-creatinine ratio. Statistically significant p values are shown in bold.

years. There were no significant differences in terms of age
(p=0.35), sex (p=0.86), duration of DM (p=0.90) and comor-
bidities between the study and control groups. Of 80 patients,
16.3% had stage 2 CKD, 68.8% had stage 3 CKD, and 12.5% had
stage 4 CKD according to KDIGO guideline.'? Baseline charac-
teristics of all patients are shown in Table 1. In the study group,
33.3% of participants (11 individuals) and in the control group,
64.9% of participants (24 individuals) were using native vita-
min D. None of the patients were administered active forms
of vitamin D, such as calcitriol and calcidiol, or any phosphate
binders or medications such as paricalcitol. Nevertheless, it is
noteworthy that 25-OH-vitamin D (calcidiol) levels remained
within the normal range for all patients throughout the dura-
tion of the study.

Baseline mean values of serum glucose (p=0.02), HbAlc
(p<0.001) and potassium (p=0.007) levels were higher in the
study group compared to the control group at baseline. Serum
creatinine (p =0.01) level was lower in the study group, as well.
These differences disappeared after therapy. At 3 months,
serum uric acid levels (p =0.004) were lower and urine density
(p=0.01) was higher in the study group. Results of biochemi-
cal parameters and urinalysis of the two groups are shown in
Table 2.

Results of biomarkers

At baseline, OPG levels were significantly higher in the study
group (p=0.025) but there were no differences between the
groups in terms of FGF-23 and sclerostin levels (p=0.670 and
p=0.467, respectively). At 3 months, levels of OPG, FGF-23,
sclerostin and hydroxyproline were significantly lower in the
study group compared to the control group (p =0.004, p <0.001,
p<0.001 and p=0.007, respectively). Hydroxyproline levels
could not be measured in the control group at baseline due

to technical issues. Biomarker levels at baseline and 3 months
are shown in Table 3.

Levels of OPG, FGF-23, and sclerostin significantly
decreased throughout 3 months of therapy (p<0.001 for
all). Hydroxyproline levels declined but did not reach to
statistical significance (p =0.075) (Table 4). Moreover, through-
out the follow-up, serum creatinine (p=0.001), magnesium
(p=0.001), phosphate (p=0.005), PTH (p=0.039), hemoglobin
(p=0.002) and urine density (p<0.001) increased after using
SGLT2i (Table 5). Comparison of two groups in terms of differ-
ences between the initial values of biochemical parameters
related to bone-mineral metabolism and the values at the
end of the third month (Delta (4) =first value — last value) are
shown in Table 6. Moreover, the change in biomarkers related
to bone mineral metabolism in 3 months is shown in Fig. 2.

Linear regression models

We evaluated the factors associated with FGF-23, sclerostin
and OPG levels at 3 months. For the change in biomarkers,
simple linear regression analyses were performed in terms of
demographic data, comorbidities, drug use and biochemical
results. Final multiple linear regression model revealed that
treatment with SGLT2i (8=0.303,p=0.011) and AOPG (8=0.293,
p=0.009) were associated with Asclerostin (Supplementary
Table S1). Furthermore, Asclerostin (8=0.156, p=0.028), AOPG
(B=0.587, p<0.001), baseline OPG (8=0.894, p<0.001), and
baseline FGF23 (8=0.894, p<0.001) were found to be related
to the AFGF23. There was no significant relationship between
SGLT2i use and AFGF23 (p=0.150) (Supplementary Table
S2). On the other hand, AOPG value was also found to
be significantly associated with SGLT2i treatment (8=0.210,
p=0.010), using L-thyroxine (8=-0.176, p=0.027), baseline
OPG (8=0.498, p<0.001) and baseline sclerostin (8=—0.643,
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Table 3 - Biomarker levels at baseline and 3 months in study and control groups.

Biomarkers Study baseline Control baseline p Study 3 months Control 3 months p
(n=41) (n=39) (n=41) (n=39)

OPG (ng/ml) 22+0.8 1.8+0.1 0.025 1.6 +0.8 20+ 1.2 0.004

FGF-23 (ng/ml) 262.7 £ 96.1 253.8+91.5 0.670 134.4 £ 558 185.8 + 96.0 <0.001

Sclerostin (pg/ml) 295+ 12.2 29.8+10.4 0.467 23.6 + 13.8 335+ 137 <0.001

Hydroxyproline (nmol/l) 602.2 £ 246.5 NA = 508.6 + 240.9 613.1 £ 255.0 0.007

Abbreviations: FGF-23: fibroblast growth factor-23, NA: not available, OPG: osteoprotegerin.
Values were reported as mean + standard deviation. Hyroxyproline could not be measured in the control group at baseline. Statistically signifi-
cant p values are shown in bold.

Table 4 - Biomarker levels at baseline, 1 month and 3 months in the study group (n=41).

Biomarkers Baseline 1 month p (0vs 1) 3 months p (0vs 3)
OPG (ng/ml) 22+08 1.9 +0.8 0.020 1.6 +0.8 <0.001
FGF-23 (ng/ml) 262.7 £ 96.1 197.0 + 110.1 <0.001 134.4 + 55.8 <0.001
Sclerostin (pg/ml) 29.5 + 12.2 31.5 £ 9.9 0.211 236 + 13.8 <0.001
Hydroxyproline (nmol/L) 602.2 + 246.5 641.9 £+ 212.9 0.027 508.6 + 240.9 0.075

Abbreviations: FGF-23: fibroblast growth factor-23, NA: not available, OPG: osteoprotegerin.
Values were reported as mean + standard deviation. Statistically significant p values are shown in bold.

Table 5 - Various biochemical parameters at baseline and 3 months in the study group (n=41).

Biochemical parameters Baseline 3 months p
Glucose (mg/dl), mean + SD 152.5+51.1 149.3+63.1 0.760
HbAlc (%), mean + SD 7.4+0.69 7.3+£1.34 0.254
Serum creatinine (mg/dl), mean + SD 1.29+0.31 1.39+0.36 0.001
eGFR (ml/min/1.73 m?), mean = SD 51.24+15.6 47.4+16.7 0.009
Serum albumin (g/dl), mean + SD 4.5+0.30 4.5+0.31 0.335
Uric acid (mg/dl), mean + SD 6.46+1.45 6.14+1.18 0.209
Calcium (mg/dl), mean + SD 9.6 +0.42 9.6 +0.40 0.885
Magnesium (mg/dl), mean + SD 1.74+0.29 1.92+0.28 0.001
Phosphate (mg/dl), mean + SD 3.60+0.61 3.89+0.50 0.005
Sodium (mmol/l), mean 4 SD 139.3+2.8 139.5+2.2 0.504
Potassium (mmol/l), mean + SD 4.89+0.4 473+£04 0.060
Chloride (mmol/l), mean + SD 101.4+£3.28 102.6 £3.75 0.051
Bicarbonate (mmol/l), mean + SD 26.8+2.45 26.1+2.68 0.188
PTH (pg/ml), median (IQR) 64.2 (45.9-90.9) 76.2 (45.8-109.6) 0.039
ALP (U/1), mean =+ SD 79.3+30.4 79.2+28.9 0.89
Hemoglobin (g/dl), mean + SD 12.5+1.45 13.0+1.61 0.002
Urine density, mean + SD 1.012+£0.006 1.018 £0.007 <0.001
UPCR (g/g), median (IQR) 0.22 (0.14-0.44) 0.16 (0.13-0.36) 0.053

Abbreviations: ALP: alkaline phosphatase, eGFR: estimated glomerular filtration rate, IQR: interquartile range, PTH: parathormone, SD: standard
deviation, UPCR: urine protein-to-creatinine ratio. Statistically significant p values are shown in bold.

Table 6 - Comparison of two groups in terms of differences between the initial values of biochemical parameters related

to bone-mineral metabolism and the values at the end of the third month (delta = first value — last value). (n =41 study

groups and 39 control).

Biochemical parameters Study group Control group p*
ACalcium (mg/dl), median (IQR) 0.00 (—0.40-0.30) 0.00 (—0.20-0.30) 0.616
APhosphate (mg/dl), median (IQR) —0.30 (—0.60-0.10) 0.00 (—0.50-0.30) 0.193
APTH (pg/ml), median (IQR) —10.50 (—27.15-5.63) —2.20 (—29.10-14.20) 0.765
AOPG (ng/ml), median (IQR) 0.57 (0.14-1.24) —0.16 (—=0.67-0.54) <0.001
AFGF-23 (ng/ml), median (IQR) 138.41 (58.63-182.45) 67.88 (19.94-108.90) 0.003
ASclerostin (pg/ml), median (IQR) 6.31 (2.53-12.43) —3.83 (—7.74-1.21) <0.001

Abbreviations: FGF-23: fibroblast growth factor-23, IQR: interquartile range, OPG: osteoprotegerin, PTH: parathormone.
A: Value at baseline — value at 3 months.

* Since the parameters were not normally distributed, the Mann-Whitney U test was used. Statistically significant p values are shown in bold.
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Fig. 2 — The change in biomarkers related to bone mineral metabolism in 3 months.

p<0.001) levels (Supplementary Table S3). Similar results were
found when linear regression analysis was performed only in
the group receiving SGLT2i (data not shown).

Discussion

In this study, we demonstrated that treatment with
dapagliflozin significantly reduced plasma levels of OPG, scle-
rostin, and FGF-23, which are bone-derived biomarkers known
to be closely associated with cardiovascular morbidity and
mortality, in patients with diabetic nephropathy.

Various examples of research have been performed to
investigate the effects of SGLT-2i on bone health. It has been
suggested that SGLT-2i may affect calcium and phosphate
homeostasis while facilitating urinary glucose excretion by
reducing sodium and glucose reabsorption from the proxi-
mal tubules.’® SGLT-2i promote reabsorption of phosphate,
which increases the plasma FGF-23 levels. Elevated FGF-
23 leads to a decrease in the plasma 1,25-OH vitamin D
levels.'* The negative effects of SGLT2 inhibitors on bone
may be mediated by a number of mechanisms, according
to earlier research. According to a recent study, SGTL2 inhi-
bition indirectly activates the FGF23/1,25-dihydroxyvitamin
D/parathyroid hormone axis, which may lead to bone health
problems. Despite this, both CKD and SGLT2 inhibitors activate
the FGF23/1,25-dihydroxyvitamin D/PTH axis.!”> In a recent
review, significant neutral effect of SGLT2 inhibitors on bone
has been suggested.'* In our study, patients with DM and CKD
were divided into two groups: one on SGLT2i, and the other one
on conventional treatment. After 3 months of clinical follow-
up, we found no significant differences in calcium, phosphate,
or PTH levels between the two groups.

Massagetis-Zagajewska et al. studied the effect of
empagliflozin on bone mineral metabolism markers in
diabetic and non-diabetic patients with stage 3 CKD.'® Serum
calcium, phosphate, PTH, bone-specific alkaline phosphatase,
FGF-23, plasma calcitriol, urinary calcium, phosphate, and
albumin levels were measured at baseline and 7 days after
empagliflozin treatment in 42 patients in the study. In the
diabetic group, serum FGF-23 concentration was higher
after empagliflozin treatment than at baseline. While the
diabetic group’s phosphate level increased significantly after
treatment, the non-diabetic group showed no significant
change.’® In another study, Jong et al. examined the effect of
dapagliflozin on markers involved in phosphate homeostasis
17. This study of 31 patients evaluated changes in serum
calcium, phosphate, FGF-23, PTH, 25-OH vitamin D, 1,25-OH
vitamin D after 6 weeks of treatment with dapagliflozin
compared to placebo. They found that dapagliflozin increased
serum phosphate, PTH and FGF-23 levels."” However, when
we analyzed the dapagliflozin group after 3 months of follow-
up, we found a significant increase in serum phosphate
and magnesium levels but a significant decrease in FGF-23.
Dapagliflozin may have decreased FGF-23 by a mechanism
independent of phosphate and PTH. We are very well aware
that our findings contradict the established literature: FGF-23
should also have increased with the elevated levels of serum
phosphate and PTH. Our work is an uncontrolled observa-
tional study which comes with its limitations. Randomized
controlled study by de Jong MA et al. (ref) might be more
reliable due to its design.' Still, we think that more data are
needed to reach a definitive conclusion on this issue.

Recently, the use of OPG as a biomarker in the early diag-
nosis of CKD-related bone mineral disorder was investigated.
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In this study, which included 60 patients with stages 1-5
CKD, the change in OPG level was detected in stage 3, and
the correlation coefficient with GFR was found to be the
highest.'® We observed that there was a significant decrease
in the OPG level during the 3 months after the start of the
treatment in dapagliflozin group. This finding suggests that
dapagliflozin treatment may have positive effects on bone
mineral metabolism seen in the later stages of CKD by low-
ering OPG levels.

Numerous studies have been conducted to investigate
the relationship between vascular calcification and serum
sclerostin. As is well known, vascular calcification is a com-
mon condition in CKD, and its prevalence increases with
CKD stage.’ This condition is associated with cardiovascu-
lar events and a poor prognosis in CKD.” Increased sclerostin
levels in type 2 DM are found to be associated with aortic
calcification, abnormal intima-media thickness, and carotid
plaques.”’’ Morena et al. investigated the relationship of OPG
and sclerostin with coronary artery calcification in a study
involving 241 patients with non-dialysis-dependent CKD. A
significant increase in OPG and sclerostin was associated with
a decline in kidney function. Both markers were found to have
a strong and independent relationship with coronary artery
calcification. When only eGFR, OPG, sclerostin and coronary
artery calcification were considered, it was discovered that
there is a clear relationship between decreased renal function,
increased OPG, and sclerostin.?!

After 3 months, we found a significant decrease in
OPG, sclerostin, and FGF-23 values after treatment with
dapagliflozin. This suggests that dapagliflozin may have a
protective effect on vascular calcification by lowering these
markers, which are though to play an important role in the
pathogenesis of vascular calcification. PTH is the primary reg-
ulator of the RANK/RANKL/OPG system which regulates bone
remodeling by upregulating OPG production and stimulating
osteoblast synthesis of RANKL,?? raising the possibility that
an increase in PTH by dapagliflozin could lead to a decrease in
OPG and sclerostin. OPG inhibits RANK-RANKL interaction by
binding to the receptor activator nuclear factor kappa B ligand
(RANKL) that plays anti-osteoclastogenesis role. PTH is also
one of the main regulators of Wnt/g-catenin pathway in bone
which inhibit sclerostin. Many studies have been researched
to the effects of both OPG and sclerostin on bone mineral dis-
ease, vascular calcification.'®?? However, although there was
no significant difference in APTH between the two groups, the
change in OPG and sclerostin levels was quite significant. This
made us think that the change in these biomarkers may not
only be due to PTH elevation. To the best of our knowledge
the novelty of this study is the first report to demonstrate the
positive effect of dapagliflozin on sclerostin and OPG.

Our study has suffered from some limitations. First, this is
a single center study with a low number of patients and a short
follow-up, so firm conclusions cannot be drawn. Second, the
study did not involve measurements of bone mineral density
by traditional methods such as bone density scan or biop-
sies. Third, all of our patients were prescribed dapagliflozin,
so these results may not be generalizable to other SGLT2i.
Fourth, the initial HbA1C values of the two groups were signif-
icantly different, whereas there was no significant difference
between the initial and third month values of the study group

and between the third month values of the two groups. On the
other hand, our study has some strengths. To the best of our
knowledge, this study was the first to demonstrate the posi-
tive effect of dapagliflozin on the levels of biomarkers such as
sclerostin and OPG in patients with diabetic nephropathy. In
addition, we used a control group for comparisons. Another
limitation worth noting is that, despite normal levels of inac-
tive vitamin D, a significant disparity existed between the two
groups in terms of the usage of inactive vitamin D.

In conclusion, dapagliflozin significantly reduced plasma
levels of OPG, sclerostin, and FGF-23 in patients with dia-
betic nephropathy after 3 months of treatment. Multicentered
prospective studies with longer follow-up periods are still
needed to evaluate the effects of SGLT2i on biomarkers of bone
and mineral disease in patients with CKD.

Ethics approval and consent to participate

This study was conducted in accordance with the ethical prin-
ciples of the Declaration of Helsinki, the Good Clinical Practice
guidelines of the International Conference on Harmonization,
and local regulatory requirements. All patients provided writ-
ten informed consent. The study was approved by the local
ethics committee in our institution (28.07.21/E.24878/2011-
KAEK-42), and funded by the Scientific Research Projects Unit
of Bezmialem Vakif University with the project code 20210831.

Funding

This work was supported by Scientific Research Projects Coor-
dination Unit of Bezmialem Vakif University with the project
number 20210831. Funding source had no role in study design,
execution and reporting.

Authors’ contributions

TI participated in data collection and manuscript preparation.
SM participated in data analyses and manuscript preparation.
OCE participated in study design, data collection, data anal-
yses and manuscript preparation. MG and RK participated in
data collection. MD and SS carried out biochemical tests. All
authors approved the final version to be submitted.

Conflict of interests

The authors declare no competing interests.

Availability of data and materials

Deidentified data are available upon reasonable request.

Acknowledgements

We would like to thank Bezmialem Vakif University Scientific
Research Projects Coordination Unit for their valuable contri-
butions.



876

NEFROLOGIA 2024;44(6):868-876

Appendix A. Supplementary data

Supplementary data associated with this article can be found,
in the online version, at doi:10.1016/j.nefro.2024.06.002.

REFERENCES

10.

11.

. Thomas MC, Cooper ME, Zimmet P. Changing epidemiology of

type 2 diabetes mellitus and associated chronic kidney
disease. Nat Rev Nephrol. 2016;12:73-81.

. Kidney Disease: Improving Global Outcomes Diabetes Work G.

KDIGO 2022 clinical practice guideline for diabetes
management in chronic kidney disease. Kidney Int.
2022;102(5S):S1-127.

. Nauck MA, Del Prato S, Meier JJ, Duran-Garcia S, Rohwedder

K, Elze M, et al. Dapagliflozin versus glipizide as add-on
therapy in patients with type 2 diabetes who have inadequate
glycemic control with metformin: a randomized, 52-week,
double-blind, active-controlled noninferiority trial. Diabetes
Care. 2011;34:2015-22.

. List JF, Woo V, Morales E, Tang W, Fiedorek FT. Sodium-glucose

cotransport inhibition with dapagliflozin in type 2 diabetes.
Diabetes Care. 2009;32:650-7.

. Cannata-Andia JB, Martin-Carro B, Martin-Virgala J,

Rodriguez-Carrio J, Bande-Fernandez JJ, Alonso-Montes C,
et al. Chronic kidney disease-mineral and bone disorders:
pathogenesis and management. Calcif Tissue Int.
2021;108:410-22.

. Lewis R. Mineral and bone disorders in chronic kidney

disease: new insights into mechanism and management. Ann
Clin Biochem. 2012;49 Pt 5:432-40.

. Rochette L, Meloux A, Rigal E, Zeller M, Cottin Y, Vergely C.

The role of osteoprotegerin and its ligands in vascular
function. Int ] Mol Sci. 2019;20:705-24.

. Catalano A, Bellone F, Morabito N, Corica F. Sclerostin and

vascular pathophysiology. Int ] Mol Sci. 2020;21:4779-93.

. Silver J, Naveh-Many T. FGF-23 and secondary

hyperparathyroidism in chronic kidney disease. Nat Rev
Nephrol. 2013;9:641-9.

Wu Z, Hou Y, Dai Z, Hu CA, Wu G. Metabolism nutrition, and
redox signaling of hydroxyproline. Antioxid Redox Signal.
2019;30:674-82.

Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 3rd,
Feldman HI, et al. A new equation to estimate glomerular
filtration rate. Ann Intern Med. 2009;150:604-12.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

KDIGO 2012 clinical practice guideline for the evaluation and
management of chronic kidney disease. Kidney Int Suppl.
2013;3:1-150.

DeFronzo RA, Norton L, Abdul-Ghani M. Renal, metabolic and
cardiovascular considerations of SGLT2 inhibition. Nat Rev
Nephrol. 2017;13:11-26.

Cipriani C, Lauriero G, Tripepi G, Ferrari S, Bover J, Ravera M,
et al. Effect of antidiabetic drugs on bone health in patients
with normal renal function and in chronic kidney disease
(CKD): insight into clinical challenges in the treatment of type
2 diabetes. J Clin Med. 2023;12:7260.

Blau JE, Taylor SI. Adverse effects of SGLT2 inhibitors on bone
health. Nat Rev Nephrol. 2018;14:473-4.

Masajtis-Zagajewska A, Holub T, Peczek K, Makowka A,
Nowicki M. Different effects of empagliflozin on markers of
mineral-bone metabolism in diabetic and non-diabetic
patients with stage 3 chronic kidney disease. Medicina
(Kaunas). 2021;57:1352-63.

de Jong MA, Petrykiv SI, Laverman GD, van Herwaarden AE, de
Zeeuw D, Bakker SJL, et al. Effects of dapagliflozin on
circulating markers of phosphate homeostasis. Clin ] Am Soc
Nephrol. 2019;14:66-73.

Jiang JQ, Lin S, Xu PC, Zheng ZF, Jia JY. Serum osteoprotegerin
measurement for early diagnosis of chronic kidney
disease-mineral and bone disorder. Nephrology (Carlton).
2011;16:588-94.

Budoff MJ, Rader DJ, Reilly MP, Mohler ER 3rd, Lash ], Yang W,
et al. Relationship of estimated GFR and coronary artery
calcification in the CRIC (Chronic Renal Insufficiency Cohort)
study. Am J Kidney Dis. 2011;58:519-26.

Morales-Santana S, Garcia-Fontana B, Garcia-Martin A,
Rozas-Moreno P, Garcia-Salcedo JA, Reyes-Garcia R, et al.
Atherosclerotic disease in type 2 diabetes is associated with
an increase in sclerostin levels. Diabetes Care.
2013;36:1667-74.

Morena M, Jaussent I, Dupuy AM, Bargnoux AS, Kuster N,
Chenine L, et al. Osteoprotegerin and sclerostin in chronic
kidney disease prior to dialysis: potential partners in vascular
calcifications. Nephrol Dial Transplant. 2015;30:1345-56.
Carrillo-Lépez N, Martinez-Arias L, Fernandez-Villabrille S,
Ruiz-Torres MP, Dusso A, Cannata-Andia JB, et al. European
renal osteodystrophy (EUROD) workgroup role of the
RANK/RANKL/OPG and Wnt/B-Catenin systems in CKD bone
and cardiovascular disorders. Calcif Tissue Int.
2021;108:439-51.


http://dx.doi.org/10.1016/j.nefro.2024.06.002
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0115
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0115
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0115
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0115
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0115
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0115
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0115
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0115
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0115
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0115
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0115
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0115
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0115
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0115
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0115
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0115
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0115
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0115
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0115
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0115
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0115
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0115
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0115
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0115
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0115
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0115
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0115
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0115
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0115
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0115
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0115
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0115
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0115
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0115
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0115
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0115
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0120
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0120
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0120
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0120
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0120
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0120
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0120
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0120
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0120
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0120
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0120
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0120
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0120
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0120
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0120
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0120
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0120
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0120
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0120
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0120
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0120
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0120
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0120
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0120
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0120
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0120
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0120
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0120
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0120
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0120
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0120
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0120
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0120
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0120
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0120
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0120
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0120
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0120
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0120
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0120
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0125
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0130
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0130
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0130
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0130
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0130
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0130
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0130
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0130
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0130
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0130
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0130
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0130
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0130
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0130
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0130
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0130
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0130
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0130
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0130
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0130
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0130
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0130
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0130
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0130
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0130
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0130
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0130
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0130
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0130
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0130
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0130
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0130
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0130
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0130
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0130
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0130
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0130
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0130
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0130
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0135
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0140
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0140
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0140
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0140
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0140
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0140
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0140
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0140
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0140
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0140
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0140
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0140
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0140
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0140
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0140
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0140
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0140
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0140
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0140
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0140
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0140
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0140
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0140
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0140
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0140
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0140
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0140
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0140
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0140
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0140
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0140
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0140
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0140
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0140
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0140
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0145
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0145
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0145
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0145
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0145
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0145
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0145
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0145
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0145
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0145
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0145
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0145
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0145
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0145
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0145
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0145
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0145
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0145
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0145
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0145
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0145
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0145
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0145
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0145
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0145
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0145
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0145
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0145
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0145
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0145
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0145
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0145
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0145
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0145
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0145
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0145
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0145
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0145
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0145
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0145
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0145
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0145
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0150
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0150
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0150
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0150
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0150
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0150
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0150
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0150
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0150
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0150
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0150
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0150
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0150
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0150
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0150
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0150
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0150
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0150
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0150
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0150
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0150
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0150
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0150
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0150
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0150
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0150
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0150
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0150
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0150
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0155
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0155
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0155
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0155
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0155
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0155
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0155
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0155
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0155
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0155
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0155
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0155
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0155
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0155
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0155
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0155
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0155
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0155
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0155
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0155
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0155
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0155
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0155
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0155
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0155
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0155
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0155
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0155
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0155
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0155
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0155
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0155
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0155
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0155
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0155
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0155
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0160
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0160
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0160
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0160
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0160
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0160
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0160
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0160
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0160
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0160
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0160
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0160
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0160
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0160
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0160
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0160
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0160
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0160
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0160
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0160
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0160
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0160
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0160
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0160
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0160
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0160
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0160
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0160
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0160
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0160
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0160
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0160
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0160
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0160
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0160
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0160
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0160
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0160
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0160
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0165
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0165
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0165
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0165
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0165
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0165
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0165
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0165
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0165
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0165
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0165
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0165
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0165
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0165
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0165
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0165
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0165
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0165
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0165
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0165
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0165
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0165
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0165
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0165
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0165
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0165
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0165
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0165
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0165
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0165
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0165
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0165
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0165
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0165
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0165
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0165
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0165
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0165
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0165
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0165
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0165
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0165
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0165
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0175
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0175
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0175
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0175
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0175
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0175
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0175
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0175
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0175
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0175
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0175
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0175
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0175
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0175
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0175
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0175
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0175
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0175
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0175
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0175
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0175
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0175
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0175
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0175
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0175
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0175
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0175
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0175
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0175
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0175
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0175
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0180
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0185
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0185
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0185
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0185
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0185
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0185
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0185
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0185
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0185
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0185
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0185
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0185
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0185
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0185
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0185
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0185
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0185
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0185
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0185
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0185
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0185
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0185
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0185
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0185
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0185
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0185
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0190
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0195
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0200
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0205
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0210
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0215
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220
http://refhub.elsevier.com/S0211-6995(24)00056-0/sbref0220

	Short-term effects of dapagliflozin on biomarkers of bone and mineral metabolism in patients with diabetic kidney disease:...
	Introduction
	Materials and methods
	Patients
	Biomarkers
	Statistical analysis

	Results
	Baseline characteristics of patients
	Results of biomarkers
	Linear regression models

	Discussion
	Ethics approval and consent to participate
	Funding
	Authors’ contributions
	Conflict of interests
	Availability of data and materials
	Acknowledgements
	Appendix A Supplementary data
	References


