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From the Editor

From the Editor

Sinee Disthabanchong

Faculty of Medicine Ramathibodi Hospital, Mahidol University, Bangkok, Thailand

Time flies—it has already been two years since | took the role of editor-in-chief of JNST. Over this period,
the journal has been very well received, with a rapid increase in views and downloads. We have maintained
a rigorous double-blind peer review process for all submitted articles. | am also pleased to share that Ql-ranked
journals have cited at least two articles published in JNST in 2023.

In terms of efforts to support the inclusion of JNST in international databases, the editorial team has submitted
various documents for quality evaluation by the Thailand Citation Index, with results expected by January 2025.
Additionally, the editorial team has planned to request Digital Object Identifier (DOI) numbers for all articles
published in the journal from 2025 onward, aiming to enhance article accessibility.

In this final issue of 2024, we have included a section on the Endowed Lectureships that were presented throughout
the year. The Professor Emeritus Sa-nga Nilvarangkun, MD, Endowed Lectureship was delivered by Professor Thanom
Supaporn, who spoke on the topic “National Policy & Sustainability of the Thailand Dialysis Program.” The Professor
Emeritus Visith Sitprija, MD, Ph.D., Endowed Lectureship was presented by Professor Chairat Shayakul, who discussed
“From Cloning to Clinic.” Short biographies of both distinguished lecturers and summaries of their presentations can
be found in the Endowed Lectureship section of the journal.

Finally, | hope that JNST remains a sustainable resource for academic articles on kidney diseases. It serves as an
excellent platform for both local and international researchers to submit their work, facilitating the dissemination
of new knowledge that can be recognized and accessed globally.

As we welcome the New Year of 2025, | wish everyone dedicated to the care of kidney disease patients much

happiness and prosperity.

Corresponding author: Sinee Disthabanchong @ HNE)
BY NC ND

Email: sinee.dis@mahidol.edu

All material is licensed under terms of
the Creative Commons Attribution 4.0
International (CC-BY-NC-ND 4.0)
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The Professor Emeritus Sa-nga Nilvarangkun,
MD, Endowed Lectureship: National Policy &
Sustainability on Thailand Dialysis Program

Honorable Lecturer: Thanom Supaporn, MD, RTA GENERAL (retired)
Senior Consultant in Nephrology and Internal Medicine, PhraMongkutklao Hospital, Bangkok, Thailand.

Short Biography

Current Selected Positions:

Senior Consultant in Nephrology and Internal Medicine, PhraMongkutklao Hospital.

Senior Consultant in Nephrology and Internal Medicine, Office of Medical Services of The Permanent Secretary,
Ministry of Defence Bangkok Thailand

Advisor: Executive Committee of the Thai Society of Transplantation

Past Selected Careers

Member of the Executive Committee of the Nephrology Society of Thailand (2001-2008)

Chair: Thailand Renal Replacement Therapy subcommittee of the Nephrology Society of Thailand (2003-2008)
Member of the National Health Security Office working committee to develop national renal replacement therapy
policy recommendation in 2007

President of the Thai Transplantation Society (2017-2019)

Keywords: reimbursement scheme; dialysis; coverage; renal replacement therapy; hemodialysis; peritoneal dialysis;

universal coverage; social security; civil servant medical benefits; Thailand

Corresponding author: Thanom Supaporn @ HNE)
BY NC ND

Email: spthanom@hotmail.com
All material is licensed under terms of
the Creative Commons Attribution 4.0
International (CC-BY-NC-ND 4.0)
license unless otherwise stated.
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The WHO has defined essential components relevant
to sustaining the healthcare system shown in Figure 1.'
In 1962, Professor Rajit Buri, MD, returned from Seattle,
USA, to Thailand and initiated hemodialysis (HD) for the
first time using a similar HD machine operated in the
first-ever chronic HD center worldwide (Scribner in
Seattle, USA, 1962). Thailand started Kidney Transplantation
(KT) in 1972 and continuous ambulatory peritoneal
dialysis (CAPD) in 1982. Thai nephrologists, along with

other academicians, established the Thailand Society

of Nephrology (TSN) in 1976, the Kidney Foundation
of Thailand (KFT) in 1978, and the Thai Society of
Transplantation (TST) in 1987. The TSN, KFT, and TST
have rapidly developed renal replacement therapy
(RRT) workforces, training more than 40 new adult and
pediatric nephrologists annually and over 200 new
dialysis nurses. For over four decades, the KFT has
provided funding to support young nephrologists,
surgeons, and nurses from Thailand in obtaining

advanced RRT training domestically and overseas.
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Figure 1 WHO Sustainability Factors for Healthcare System
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Modified from Okpechi IG. Nephrology (Carlton). 2021;26(12):948-60

The TSN has organized the Thailand RRT Registration
(TRT) since 1996. Following the success of TRT, TSN
collaborated with the Central Office of Health Information
of Thailand (CHI) to establish an RRT network, which has
become the backbone of the country’s reimbursement
system. For over two decades, TRT and CHI networking
have provided essential national RRT information
and information technology (IT) systems for the
reimbursement program. These RRT and IT systems
have enabled policymakers in the Thai Ministry of Public
Health and the three funding agencies—the Civil Servant
Medical Beneficiary Scheme (CSMBS), the Social Security
Scheme (SSS), and the National Health Security Office
(NHSO)—to develop and expand financial coverage for
RRT for their members. CSMBS has provided government
employees and their families coverage since 1962,

while SSS has offered coverage for private sector workers

since 2003. Before 2008, NHSO provided universal
coverage for those not eligible under the first two funding
agencies but without coverage for RRT due to a limited
budget.

In October 2007, policymakers from NHSO, TSN,
TST, and KFT collaborated to propose a policy
recommendation to the Thai Ministry Cabinet,
advocating for RRT coverage for all Thai citizens under
the Universal Coverage Scheme (UCS). This policy, known
as the “PD First Policy,” was approved and implemented
on January 1, 2008. The policy promotes PD as the first
choice for RRT for Thai citizens with end-stage kidney
disease (ESKD), unless a kidney transplantation (KT)
is feasible. HD is covered only for those who have
contraindications for PD. The advantages of the Thailand

PD First Policy are summarized in Figure 2.

https://he01.tci-thaijo.org/index.php/JNST/index

J Nephrol Soc Thail 2024; 30(4): 241-247 243



Supaporn et al.

Utilize CAPD if KT is not available

- CAPD requires lessor RRT personnel than HD; HD can be approved if contraindication for PD is demonstrated
- CAPD can be used as a screening tool for those who are expecting longer life expectancy with a good quality of life

Easy technology for urban and remote rural areas

Minimal indirect costs (medical, travel, food, accommodation, caregivers which are not reimbursable)

Spare HD for those with CAPD contraindications of CAPD failure

e Better Cost Control (central and national supply purchasing with vendor mandatory inventory)

¢ Committee to monitor and recommend policy adjustment

® Provide proper personnel incentives as CAPD units are public services

Figure 2 Advantages of PD First Policy

Since the implementation of the PD First Policy in
Thailand, all components of RRT as WHO building blocks
for healthcare sustainability have been established.
This policy ensured that all Thai citizens access
standard quality RRT services. With increasing demand,
RRT services have expanded. However, some patients
under UCS had expressed a strong preference for HD
over PD. This preference, coupled with the higher costs
incurred by the NHSO for PD compared to HD, has led
to a change in national policy

As of February 1, 2022, NHSO policymakers
discontinued the PD First Policy. Now, ESKD patients can
choose their preferred dialysis modality with the advice

of their attending nephrologists. Following this policy
change, there has been a significant decline in PD patients
and a considerable increase in HD patients (Figure 3).
The NHSO has observed a marked increase in mortality
among HD patients and a reduction in mortality among
PD patients (Figure 4). This is likely due to an increase
in the number of HD patients with frailty and multiple
comorbidities. Before the policy change, patients who
refused PD opted for palliative care and later chose to
undergo regular HD. Nevertheless, the policy change in
2022 has resulted in a slight decline in the overall NHSO
budget allocated to RRT (Figure 5).

1 February 2022
Patient Center care
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Figure 3 The annual coverage of renal replacement therapy by the National Health Security Office. Courtesy from

Chutidej Tab-ongkarak MD
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Figure 4 Prevalence and survival of patients with end-stage kidney disease in the Universal Coverage Scheme.

Courtesy from Chutidej Tab-ongkarak MD
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Figure 5 Comparisons of the cost for renal replacement therapy in Thai Baht.
Data provided by the National Health Security Office. Courtesy from Chutidej Tab-ongkarak MD

The impacts of indirect costs related to RRT
were demonstrated in a study by Sangthawan et al,, as
shown in Figures 6 and 7.7 Indirect costs, which include
expenses for medicine, travel, food, accommodation,

and caregivers, are not reimbursable and tend to be

higher for individuals on HD under UCS. The study
highlishted that the financial burden on patients was
significantly lower under the PD First Program. The
higher costs for HD patients under UCS particularly affect

individuals with limited financial means.

https://he01.tci-thaijo.org/index.php/JNST/index
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Figure 6 The annual out-of-pocket cost per capita in Thai Baht according to the reimbursement scheme

Data were derived from 11 tertiary or regional hospitals covering all five regions in Thailand between June 2019 and
January 2021

UCS, universal coverage scheme; SSS, social security scheme; CSMBS; civil servant medical benefit scheme;
CKD 15-60, chronic kidney disease with estimated glomerular filtration rate between 15-60 mL/min/1.73 m?’
CKD<15, chronic kidney disease with estimated glomerular filtration rate <15 mL/min/1.73 m? PD, peritoneal dialysis;
HD, hemodialysis

Modlfied from Sangthawan et al. Frontiers in Pub Health 2022;10:965808

100 Household income

80 by quintile
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Figure 7 Socioeconomic status quintiles-specific proportion of the Catastrophic Health Expenditure 40 (CHE40)
under the Universal Coverage Scheme

CHE40, WHO criteria of paying >40% of the Household Capacity to Pay; CKD 15-60, chronic kidney disease
with estimated glomerular filtration rate between 15-60 mL/min/1.73 m’; CKD<15, chronic kidney disease with
estimated glomerular filtration rate <15 mL/min/1.73 m? PD, peritoneal dialysis; HD, hemodialysis

Modified from Sangthawan et al. Frontiers in Pub Health 2022;10:965808
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In conclusion, Thailand has effectively established all  References

essential components of its RRT system for sustainability. 1. Okpechi IG, Bello AK, Luyckx VA, Wearne N, Swanepoel CR,

Leadership and governance are vital in sustaining and Jha V. Building optimal and sustainable kidney care in low
resource settings: The role of healthcare systems. Nephrology
(Carlton). 2021;26(12):948-60.

2. Sangthawan P, Klyprayong P, Geater SL, Tanvejsilp P,

Anutrakulchai S, Boongird S, et al. The hidden financial

enhancing the system by adjusting access and coverage.
Monitoring the quality and safety of services is crucial,

requiring continuous evaluation and necessary

adjustments. Policymakers should consult respective catastrophe of chronic kidney disease under universal
academic societies for advisory input before deciding coverage and Thai “Peritoneal Dialysis First Policy”. Front
on national policies. It is essential to prioritize the Public Health. 2022;10:965808.

financial sustainability of patients’ families, especially
those who are economically disadvantaged, to ensure
equitable access to quality care. These are important to

the long-term success of RRT coverage in Thailand.
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The Professor Emeritus Visith Sitprija, MD,
Ph.D. Endowed Lectureship:

From Cloning to Clinic

Honorable Lecturer: Chairat Shayakul, MD
Renal Unit, Department of Medicine, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok, Thailand.

Short Biography

Current Selected Positions:

Staff, Renal Unit, Department of Medicine, Faculty of Medicine Siriraj Hospital
Vice Secretary, Consortium of Thai Medical Schools (COTMES)
Chairman, Central Research Ethics Committee (Medicine Panel)
Committee member, Working Committee of Prince Mahidol Award Youth Program
Committee member, National Subcommittee on Rational Drug Use
Committee member, Patient, Personnel and People Safety National Steering Committee
Consultant, Mahidol scholarship program, Mahidol University
Thailand Quality Award (TQA) Assessor
Awards
Best Internship Award, Bhumibol Adulyadej Hospital (1985)
Outstanding Siriraj Alumni Award for Working alumni with success in every field (2021)
Suankularb Wittayalai Distinguished Alumni Award (OSK 96 - 2023)
Publication
https://shorturl.at/2qpk5

Keywords: urea transporter; UT; acid-base; membrane transport proteins; renal tubular acidosis; RTA

Corresponding author: Chairat Shayakul @ HOE
BY NC ND

Email: chairat.sha@mahidol.ac.th

All material is licensed under terms of
the Creative Commons Attribution 4.0
International (CC-BY-NC-ND 4.0)

license unless otherwise stated.
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The involvement of membrane transport proteins in
the reabsorption and secretion of solutes, water, and
inorganic ions in the kidney has been recognized for a long
period of time. From the studies in the whole kidney down
to isolated single-tubule perfusion, these investigations
enable the detection, classification, and characterization

of various transport systems along the distinct segments

of the kidney tubule. Nevertheless, a significant advance
in the field of kidney transport was achieved by the
introduction of molecular biology techniques to isolate,
identify, and characterize membrane transport protein
of interest (co-transporter, exchanger, channel, and
pump) and to study its regulation/adaptation in
physiologic and pathologic states.
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Expression cloning has been one of the most
recognized methods in identifying many transport
proteins in the past decades. By using the expression
vectors to generate the complementary DNA (cDNA)
library clones, with each clone containing one gene
for one protein, this cDNA library can be screened to
find the clones with specific transport properties in the
heterologous expression system (e.g., Xenopus laevis
oocyte). The clone of interest will be recovered for DNA
sequencing and hypothetical structure predictions of
the protein, for which structure-function analysis can be
executed. The knowledge gained from these studies adds
to our understanding of the complexity of the kidney
tubule processes to maintain homeostasis and to make
it accessible for clinical applications.

A few examples in this lecture, which directly or
indirectly involved part of my research years in Japan and
USA, demonstrate the impact of kidney transport protein

cloning on clinical practice.

A Tool for Enhancing Understanding of Kidney
Adaptation in Various Clinical Conditions
The first example is urea and the kidney. Historically,

urea was the first biomarker used to assess kidney

function, and most nephrologists also use blood urea
nitrogen for the assessment of nutritional status (as the
end product of protein metabolism) and dialysis
adequacy in end-stage kidney disease patients. The
functional role of urea in urine concentrat-
ing mechanism was not well recognized till the
first urea transporter (UT) in the kidney thin de-
scending limb was identified by expression cloning
(UT-A2), and subsequently led to the cloning of
several related isoforms, including vasopressin regulated
apical UT-A1, basolateral UT-A3, and descending vas
recta UT-B1 (also in erythrocytes as the Kidd (JK) blood
group and other organs). In mammals, all kidney-specific
UT-A isoforms are derived by varying splicing from the
UT-A gene (SLC14A2) and UT-B1 derived from the
UT-B gene (SLC14A1). As a result, the regulation of UT
expression in the kidney can be investigated in several
conditions that mimic different clinical statuses. These
studies highlighted the importance of UT in urine
concentration and the relationship between water and
nitrogen balance via urea reabsorption and accumulation
in the kidney medullary interstitium, as summarized in
Table 1 below.

Table 1 Urine urea transporters and their role in water and nitrogen balance

UT Changes Results AC![\JAmUJ:: ?cion

ACUTE AVP EFFECT UT1 Phosphorylation TmMCD P, T
DEHYDRATION TUT2 expression T urea recycling 1

LUT1 expression IMCD P, —
DIURESIS LUT2 expression L urea recycling l

TUT! expression IMCD P, T
LOW PROTEIN DIET TUT1 expression T urea absorption BASE > TIP
HYPERCALCEMIA TUT1 expression T urea absorption BASE > TIP
GLUCOCORTICOIDS LUT1 expression 1 urea absorption 1

Given the importance of urine concentration, UTs are
a potential target for novel drug discovery, particularly
diuretic agents. Regarding the site of action in the terminal
part of IMCD (UT-A1), it is likely that the compounds

that block urea reabsorption might cause urea induced
water diuresis with fewer electrolyte disturbances.
Previously known UT inhibitors, such as phloretin or

mercurial agents, are relatively non-specific and may be
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toxic at specified doses. The identification and validation
of urea transporters as potential diuretic targets and
the discovery of small molecule UT inhibitors as novel

diuretics are under development.

A Candidate for Investigation in Inherited
Diseases

The candidate gene approach studies DNA variation in
genes known or suspected to play a role in a phenotypic
trait of interest, and this is typically followed by functional
analysis to confirm that the variant is pathogenic. As
for transport protein disorders, the study requires prior
information from molecular cloning and heterologous
expression systems examining the transport properties.
There are many examples, and one relevant to my
experience is inherited renal tubular acidosis (RTA). It was
conceivable that defects in proteins involved in renal
acidification might be associated with RTA, which has been

successfully proven by this approach. The culprits include

proximal tubule

oy

Proximal RTA NBCel
Hypouricemia URAT-1
Dent's disease CIC-5
XL-H rickets PHEX

Bartter syndrome
Type I: NKCC2
[l ROMK/KCNJ1
lll: CIC-Kb
[V:BSND
V: CaSR
HypoMg with hypercalciuria
and nephrocalcinosis
Claudin-16, -19
AD hypocalcemic
Hypercalciuria

loop of Henle

k CaSR )

\

basolateral sodium-bicarbonate cotransporter NBCe1 for
proximal RTA (by Takashi Igarashi, my Japanese colleague)
and chloride-bicarbonate exchanger AE1 (or band 3) for
dominant distal RTA and also recessive form in Thailand
(the first study in collaboration with Thai doctors) and
South-East Asia. Studies of AE1 expressed in Xenopus
oocytes indicated that the corresponding mutations
impair bicarbonate transport function. Still, only the G701D
mutant causing recessive distal RTA can be rescued for
the cell surface expression by erythrocyte Glycophorin
A. This explains why the patients with a mutation in
the gene that encodes both erythroid and kidney AE1
have normal red cell transport phenotype yet a kidney
acidification defect.

Interesting inherited kidney diseases associated with
defective membrane transport function resulting in kidney
tubular secretion and/or reabsorption abnormalities

are shown in Figure 1

distal tubule

(Gitelman syndrome NCCT )
C Hypomagnesemia  EGF
FXYD2
HypoMg with TRPM6
= 2’ hypocalcemia
€ PHA type I WNK4,
- WNK1, KLHL3, CUL3
e \ J
T
o ( Distal RTA )
2 AD: AE1
¥ e AR: VH*-ATPase subunits
- SE-Asir (AR): AE1
. _Sn Diabetes insipidus
:.% X-linked: V2R
2 AR: AQP2 (rare with AD)
= Pendred syndrome Pendrin
S \ Y ),
? (Liddle syndrome  ENaC )
PHA type IB (AR ENaC
\ PHA type IB (AR) )

Figure 1 Inherited kidney diseases associated with defective membrane transport function
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A target for drug development

Diuretics are among the most commonly used drugs
directly targeted at the kidney transporter to produce
therapeutic effects. Molecular cloning could accelerate
drug discovery and protein by providing information
on structure-function relationships and introducing
recombinant transport proteins for expression and
transport function analysis. Sodium-glucose
cotransporter-2 (SGLT2) inhibitor is one of these drugs
which has tested to be effective at inhibiting glucose
reabsorption mediated by SGLT2 in the heterologous
expression system and demonstrated later in the
clinical setting with the effects on glucose control in
T2DM by renal glycosuria.

SGLT2 (low affinity, high capacity) is the most
prevalent and important SGLT subtype and accounts
for more than 90% of glucose reabsorption at the early
proximal tubule in normoglycemic persons. As a key
mechanism for glucose homeostasis in the kidney, SGLT2
inhibitors have been considered promising agents for the
treatment of type 2 diabetes after it was cloned and
characterized more than 30 years ago (by Yoshikatsu
Kanai, my Japanese colleague working in Matthias
Hediger’s Laboratory). While phlorizin, a naturally
occurring competitive SGLT1 and SGLT2 inhibitor, cannot
be used because of its short half-life and intestinal side
effects, specific inhibitors of SGLT2 were designed and
developed by many pharma industries with numbers
of throughput and built-in technologies based on the
mentioned strategy. Since the synthesis of phlorizin

C-glucoside analogs was first studied in 2000 (6 years

after cloning), the first SGLT2 inhibitor was approved
and marketed in Europe in 2012, and the United States
Food and Drug Administration (FDA) committee also
approved this drug for the treatment of T2DM in 2014
(around 20 years after cloning). Currently, the drugs
become pillars of therapy for renal, diabetes, and heart
failure patients.

Until now, many transport proteins have been
characterized and identified, at both the genetic and
the cellular level, which have been suggested to play
a role in organ function and homeostasis and in the
absorption, distribution, or elimination of endogenous,
xenobiotic, or drug substrates. For most candidate
drugs, an assessment of the role of transporter proteins
in their therapeutic effects vs. pharmacokinetic variability
and safety from drug-drug interactions needs to be

considered.
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Air Pollution-Related Kidney Disease in Urban
Medicine
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University, Bangkok, Thailand

Abstract

Air pollution, particularly particulate matter (PM), is a significant environmental issue that affects various
bodily systems and is linked to an increased incidence of illness. It leads to more hospitalizations, reduced
quality of life, and higher mortality rates, especially in urban areas where people are continuously exposed to PM
from transportation and industrial activities. Studies now suggest that long-term exposure to toxic PM particles can
accumulate in the body, affecting kidney function and contributing to the development of chronic kidney disease
(CKD). The underlying pathology involves several mechanisms. PM triggers inflammatory responses, damages the
lining of blood vessels, and causes arterial constriction. These effects, combined with proteinuria, progressively
impair kidney function, eventually leading to CKD. This knowledge can be used to develop preventive measures and

treatment strategies for patients at risk of CKD due to air pollution exposure in the future.
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Proteinuria in Kidney Transplant Recipients

Chanyanuch Rakpithayanon, Natavudh Townamchai

Division of Nephrology, Department of Medicine, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand

Abstract

Proteinuria is a common complication following kidney transplantation and is a strong predictor of transplant
rejection, allograft loss, and mortality. It can arise from several causes, including immune rejection of the transplanted
kidney, underlying glomerular diseases, or tubular damage caused by immunosuppressive medications. The
key to managing proteinuria in transplant recipients is identifying and directly addressing the underlying cause.
Additionally, lifestyle modifications—such as quitting smoking and reducing salt and protein intake—are recommended.
Blocking the renin-angiotensin system shows promise in reducing proteinuria, although its long-term effects on graft
and patient survival remain uncertain. Research into new therapies for post-transplant proteinuria continues, with
drugs like sodium-glucose cotransporter 2 inhibitors showing promising results in reducing proteinuria and slowing
the decline in allograft function. However, more studies are needed to confirm their efficacy and safety in kidney

transplant recipients.
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The Effect of GLP-1 Receptor Agonist as
Add-on Therapy to SGLT-2 Inhibitor on
Albuminuria in Type 2 Diabetes with
Chronic Kidney Disease

Pollawut Jamfa, Atthapol Vanadaj
Division of Nephrology, Internal Medicine Unit, Police General Hospital, Bangkok, Thailand

Abstract

Background: The effectiveness GLP-1 receptor agonist as an add-on therapy to SGLT-2 inhibitor in reducing albuminuria
in diabetic kidney disease remains largely underexplored. This trial aims to evaluate the impact of this dual therapy
compared to SGLT-2 inhibitor alone on albuminuria reduction over 6 months in patients with type 2 diabetes and
chronic kidney disease

Methods: This retrospective cohort study included patients with type 2 diabetes and albuminuria between January
2018 and December 2023. A total of 122 patients who received either SGLT-2 inhibitors alone or in combination
with GLP-1 receptor agonists were included. The primary outcome was the difference in the mean percent change
in the urine albumin-to-creatinine ratio (UACR) at 6 months. Secondary outcomes included changes in HbAlc, blood
pressure, body weight, serum creatinine, estimated glomerular filtration rate (eGFR), and adverse events.

Results: The mean percent change in UACR from baseline was 7.26% (-21.84, 36.36) in the SGLT-2 inhibitor
group and -5.43% (-28.1, 17.25) in the combination therapy group. The between-group difference was -12.7%
(-48.8, 23.4) (P=0.491). While the combination group showed a trend toward HbAlc and blood pressure reductions,
these differences did not reach statistical significance. Neither group had significant changes in body weight,
serum creatinine, or eGFR. Adverse events were similar between the two groups.

Conclusion: Adding GLP-1 receptor agonist to SGLT-2 inhibitor did not significantly reduce albuminuria, blood

pressure, or HbA1C after 6 months of follow-up in patients with diabetic kidney disease.
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Introduction

Diabetic kidney disease (DKD) is a common
complication of diabetes. Despite the newer and more
effective therapies, DKD frequently progresses to chronic
kidney disease (CKD) and end-stage kidney disease (ESKD).
Additionally, DKD substantially increases the risk of death

from cardiovascular diseases such as ischemic heart
disease and stroke.'

Albuminuria is commonly used to estimate the risk
of CKD progression. Increased albuminuria is an indicator
of the severity of DKD. A meta-analysis suggested

that a 30% reduction in the urine albumin-creatinine
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ratio (UACR) is associated with a decreased risk of CKD
progression, ESKD, and major adverse cardiovascular
events.” Furthermore, elevated levels of albuminuria
coupled with reduced estimated glomerular filtration rate
(eGFR) are associated with a higher risk of cardiovascular
disease and mortality.’

In recent years, several drugs, including sodium-glucose
co-transporter-2 inhibitors (SGLT-2i) and glucagon-like
peptide-1 receptor agonists (GLP-1RA), have shown
efficacy not only in reducing blood glucose levels
but also in decreasing albuminuria through distinct
mechanisms. These medications offer new avenues for
managing DKD.”

SGLT-2i can effectively reduce blood glucose levels
by inhibiting the reabsorption of both sodium and
glucose via SGLT-2 co-transporters in the proximal renal
tubules. This action results in an increase in glucose
concentration in the urine. The higher urine glucose
concentration stimulates the macula densa to induce
afferent arteriole vasoconstriction, thereby reducing
pressure in the kidney glomeruli. Consequently,
this mechanism leads to a decrease in albuminuria.
Additionally, the increased supply of oxygen to the
kidney tubular cells enhances fuel utilization and modifies
the balance of renal metabolism."*

GLP-1 RA is another class of drugs that can
effectively reduce blood glucose levels. GLP-1, an incretin
hormone, is secreted from L-cells lining the small
intestine, stimulated by oral fat and sugar intake. GLP-1
stimulates neogenesis and inhibits apoptosis of beta cells
in the pancreas, leading to increased insulin secretion
without causing hypoglycemia. In the kidneys, GLP-1
inhibits the sodium-hydrogen exchanger 3 in the proximal
renal tubules, resulting in natriuresis and diuresis, which
reduces intraglomerular pressure. Additionally, GLP-1
helps reduce oxidative stress, inflammation, and glucose
toxicity in the proximal renal tubules, ultimately reducing
albuminuria."**

There is insufficient information and evidence to
support that using SGLT-2i in combination with GLP-1
RA can further reduce albuminuria. This study aims to
determine the efficacy of adding GLP-1 RA to SGLT-2i in

reducing albuminuria in patients with DKD.

Methods

Study design

This retrospective cohort study was conducted at
Police General Hospital, Bangkok, Thailand. The study
conforms with the principles outlined in the Declaration
of Helsinki and was approved by the Institutional Review
Board of Police General Hospital with a waiver of signed
informed consent.

Population

The present study used the data from the electronic
medical record system between January 2018 and
December 2023. The inclusion criteria were: age > 18 years,
type 2 diabetes with albuminuria > 30 mg/g, eGFR > 20
mU/min/1.73 m?, treatment with angiotensin-converting
enzyme inhibitors or angiotensin Il receptor blockers
at the maximum tolerated doses, and use of SGLT2
inhibitors for at least 2 months. Exclusion criteria included
the presence of other conditions known to cause
albuminuria (e.g., type 1 diabetes, pregnancy, or active
malignancy), prior treatment with GLP-1 RA before
SGLT-2i, and missing or incomplete data.

Exposure

All diabetic patients who met the inclusion criteria
were divided into two groups. Group 1 consisted of
patients receiving only SGLT-2i (dapaglifiozin 10 mg,
empagliflozin 10 mg, or luseogliflozin 2.5 mg daily). Group
2 included patients who had been treated with SGLT-2i
for at least 2 months before the addition of a GLP-1 RA
(dulaglutide 0.75 mg, semaglutide 0.5 mg, liraglutide 1.2
mg subcutaneously once a week, or semaglutide 7 mg
orally once daily). The follow-up period after the
introduction of the GLP-1 receptor agonist was 6 months.

Outcomes

The primary outcome was the difference in the change
in UACR between the two groups. Secondary outcomes
included differences in the changes in HbA1c, systolic and
diastolic blood pressure, body weight (BW), and eGFR.
Differences in adverse events, such as dehydration, renal
events, hypoglycemia, bone fractures, limb amputations,

and diabetic ketoacidosis, were also investigated.
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Data collection

Demographic and laboratory data were obtained
from the electronic medical record system. Drug prescribing
information was sourced from the Drug Information
Services. The stages of CKD were determined based
on eGFR and albuminuria levels, following the Kidney
Disease Improving Global Outcomes (KDIGO) criteria.
Adverse events, including acute kidney injury, dehydration,
and hypoglycemia, were identified using ICD-10 CM codes.
All data were de-identified to protect patient privacy and
confidentiality.

Sample size calculation

A survey of data on changes in UACR among diabetic
patients from Police Hospital was conducted. Random
samples of 10 individuals per group were selected based
on the inclusion criteria. The results showed that the mean
percentage change in UACR was -36.4% + 6.52% for the
group receiving SGLT-2i alone, while the group receiving
SGLT-2i combined with GLP-1 RA had a mean percentage
change in UACR of -43.4% + 17.23%. The study used an
alpha error (o) of 0.05 and a beta error () of 0.20 (power
of 80%). The calculated sample size was 55 patients per
group. Accounting for a 10% data loss rate, the required
sample size increased to 61 patients per group, resulting
in a total of 122 patients for the study.

Statistical analysis

Pairing between the two groups was conducted

to control for confounding variables. The criteria for

the pairing process involved strict matching to ensure
comparability. A one-to-one pairing strategy was
employed, using the following variables for matching:
sex, levels of albuminuria (A2 and A3), age difference (<
1 year), body mass index (BMI) difference (< 1 kg/m2), and
systolic blood pressure difference (< 10 mmHg).

Categorical variables were presented as numbers
and percentages, while continuous variables were
expressed as mean with standard deviation or median
with interquartile range. Between-group comparisons
were performed using the Chi-square test or Fisher’s exact
test for categorical variables and the Student’s t-test or
Mann-Whitney U test for continuous variables.

A linear marginal model with mixed effects was
employed, using restricted maximum likelihood regression
to analyze repeated measures. Within-patient correlations
were accounted for using an unstructured covariance
pattern. Two-tailed P-values < 0.05 were considered
statistically significant. All data analyses were performed
using Stata 18.0 (Stata Corp., College Station, TX, USA).

Results

Study population and patient characteristics

The study flow diagram is shown in Figure 1. Among
758 patients diagnosed with type 2 diabetes and received
SGLT-2i, a total of 139 patients met the inclusion and
exclusion criteria. After a pair matching, 122 patients were

included in the final analysis.

Type 2 diabetic patients at Police general hospital
between 1 Jan 2019 - 31 Dec 2023

(N = 758)

Enrollment
(N :I139)

Exclusion criteria

® Missing and incomplete data (N = 518)
® Receive GLP 1 RA before SGLT2i (N = 96)
e Active malignancy (N = 5)

\/

SGLT2 i
(N = 78)
Pair matching
SGLT2 i
(N =61)

Figure 1 Study flow diagram
SGLT2i, SGLT-2 inhibitors; GLP1 RA, GLP1 receptor agonists

SGLT2 i + GLP1 RA

(N =61)

SGLT2 i + GLP1 RA

(N =61)
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Table 1 presents the baseline characteristics of all  underlying diseases. The group receiving combined
patients according to the interventions. There were no  SGLT-2i and GLP-1 RA showed a trend toward a higher
significant differences between the two groups in terms  percentage of male patients and greater BW, but these

of sex, BW and BMI, blood pressure, HbAlc, eGFR, or  differences were not statistically significant.

Table 1 Baseline characteristics of all participants by intervention group

SGLT-2i + GLP-1 RA

P t P-val
arameters (N=61) value
Male sex (N/%) 74 (61) 32 (53) 42 (70) 0.095
Age, years 66.2+11.2 68.1+11.3 64.2+10.9 0.055
Body Weight, kg 74.9+14.9 72.5+14.1 77.4+15.5 0.067
Body mass index, kg/m? 28.2+4.2 27.6+4.3 28.8+4.1 0.108
Blood pressure, mmHg
Systolic blood pressure 136.1£14.6 136.9+14.5 135.1+£14.2 0.401
Diastolic blood pressure 72.9+11.6 71.6+£11.1 74.1£12.0 0.233
HbAlc, % 7.83+1.55 7.60+1.6 8.1+1.5 0.138
eGFR (mU/min/1.73 m?) (N/%) 65.3+21.8 64.3+20.5 66.4+23.2 0.601
>90 66 (54) 33 (54) 33 (54) 0.212
60 - 89 30 (25) 14 (23) 16 (26) -
45 - 59 22 (18) 14 (23) 8 (13) -
30 - 44 3(2) 0 3(5) -
15-29 1(1) 0 1(2) =
UACR (mg/g) (N/%) 195.8 (66.7-636) 165.3 (53.8-533.5) | 288.9(89.0-1076.0) | 0.095
30-299 73 (60) 42 (70) 31(51) 0.064
300-3000 49 (40) 19 (30) 30 (49) -
Underlying diseases (N/%)
Hypertension 122 (100) 61 (100) 61 (100) 1.000
Cardiovascular disease 33 (27.0) 14 (22.9) 9(31.2) 0.415
Dyslipidemia 98 (80.3) 53 (86.9) 5(73.8) 0.110
Hypothyroidism 5(4.1) 4 (6.6) 1(1.6) 0.365
Benign prostatic hyperplasia 3(2.5) 1(1.6) 2(3.3) 1.000
Medications (N/%)
Alpha-blockers 32(26.2) 16 (26.2) 6(26.2) 1.000
Beta blockers 38 (31.1) 14 (22.9) 4 (39.3) 0.078
Mineralocorticoid RA 7 (57.4) 3(4.9) 4 (6.6) 1.000
Calcium channel blockers 68 (55.7) 34 (55.7) 4 (55.7) 1.000
Thiazides 7(5.74) 2 (3.28) 5 (8.20) 0.439
Vasodilators 14 (11.5) 4(6.6) 10 (16.4) 0.154
Statin 107 (87.7) 55(90.2) 52 (85.3) 0.583
Ezetimibe 25 (20.5) 13 (21.3) 12 (19.7) 0.980
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Table 1 Baseline characteristics of all participants by intervention group (continued)

Parameters All SGLT-2i + GLP-1 RA Pvalue
(N=122) (N=61)
Levothyroxine 5(4.1) 4(6.6) 1(1.6) 0.365
Insulin 59 (48.4) 27 (44.3) 32 (52.5) 0.469
Metformin 90 (73.8) 46 (75.4) 44 (72.1) 0.837
Sulfonylureas 43 (35.2) 17 (27.9) 26 (42.6) 0.129
DPP4i 45 (36.9) 26 (42.6) 19 (31.2) 0.260
Thiazolidinediones 19 (15.6) 12 (19.7) 7(11.5) 0.318

Data are presented as mean + standard deviation or median (interquartile range)
SGLT-2i, SGLT-2 inhibitor; GLP-1 RA, GLP-1 receptor agonist; eGFR, estimated slomerular filtration rate; UACR, urine albumin-
creatinine ratio; RA, receptor antagonists; DPP4i, Dipeptidyl Peptidase IV inhibitors

The changes in UACR, blood pressure, and other  significance (Figure 2). Similarly, the reduction in HbAlc
laboratory data at 6 months are presented in Table 2. A and blood pressure appeared more pronounced in the
reduction in UACR was observed in the group receiving  combination group, but these differences were also not
combined SGLT-2i and GLP-1 RA; however, the changes  significant. Neither group exhibited significant changes in

within and between groups did not reach statistical ~ BW, BMI, serum creatinine, or eGFR.

Table 2 Changes in albuminuria, blood pressure, and laboratory data

Within-group Between-group
changes change

Parameters Time Mean (95% Cl) | Mean % changes | % difference |P- value
from baseline from SGLT-2i
(95% CI) (95% CI)

UACR, mg/g SGLT-2i Baseline |165.3 (53.8-533.5)

Follow-up | 89.5 (46.9-585.6) | 7.26 (-21.84, 36.36)

GLP-1 RA+SGLT-2i| Baseline | 288.9 (89-1076)

Follow-up | 167.1 (50-771.5) |-5.43 (-28.1, 17.25) | -12.7(-48.8, 23.4) | 0.327

HbAlc, % SGLT-2i Baseline 7.6+1.6
Follow-up 7.7+1.7 0.11 (-0.18, 0.41)
GLP-1 RA+SGLT-2i| Baseline 8.1+1.5
Follow-up 7.7+1.5 -0.37 (-0.81, 0.06) |-0.49 (-0.99, 0.03) | 0.064
SBP, mmHg SGLT-2i Baseline 136.9+14.5
Follow-up 138.3+15.6 1.3(-2.7,5.4)

GLP-1 RA+SGLT-2i| Baseline 135.1+14.2

Follow-up 133.4+12.7 -1.7(-5.5, 2.2) -3.1(-8.5, 2.4) 0.276
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Table 2 Changes in albuminuria, blood pressure, and laboratory data

Within-group Between-group
changes change
Parameters Time Mean (95% CI) | Mean % changes | % difference |P- value
from baseline from SGLT-2i
(95% ClI) (95% CI)
DBP, mmHg SGLT-2i Baseline 71.6+£11.1
Follow-up 70.7+12.4 -1.04 (-4.21, 2.11)
GLP-1 RA+SGLT-2i| Baseline 74.1+£12.0
Follow-up 74.1+12.4 0 (-3.16, 3.16) 1.05(-3.33,5.43) | 0.638
BW, ke SGLT-2i Baseline 72.5+14.1
Follow-up 71.9+13.9 -0.6 (-1.3,0.2)
GLP-1 RA+SGLT-2i| Baseline 77.4+15.5
Follow-up 773157 -0.6 (-1.4, 0.3) 0.03 (-1.07, 1.13) | 0.953
eGFR, SGLT-2i Baseline 64.3+20.5
ml/min/1.73m? Follow-up 60.9+20.4 -3.4 (-6.4, -0.5)
GLP-1 RA+SGLT-2i| Baseline 66.4+23.2
Follow-up 64.2+22.8 -2.2 (-5.1, 0.6) 1.2 (-2.8,5.2) 0.555
Cr, meg/dL SGLT-2i Baseline 1.13+0.35
Follow-up 1.17+0.38 0.04 (0.00, 0.08)
GLP-1 RA+SGLT-2i| Baseline 1.19+0.40
Follow-up 1.24+0.45 0.05 (-0.01, 0.10) | 0.01 (-0.06, 0.07) | 0.818

GLP-1 RA, GLP-1 receptor agonist; SGLT-2i, SGLT-2 inhibitor; Cl, confidence interval, UACR, urine albumin-creatinine
ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; BW, body weight; Cr, creatinine; eGFR estimated

glomerular filtration rate
15
10

%Change UACR
o

-10
-15

SGLT2 inhibitors

GLP-1 receptor agonists plus

SGLT2 inhibitors
Figure 2 Box plot graph of the change in urine albumin/creatinine ratio at 6 months

UACR, urine albumin-creatinine ratio
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Adverse events are summarized in Table 3. No serious
adverse events occurred in either group. Hypoglycemia
was observed more frequently in the combination group;
however, the hypoglycemic symptoms were rated as mild,
and no hospital admissions were required. The doses of

hyposlycemic agents were adjusted, except for those of

Table 3 Adverse events during the follow-up

SGLT-2 inhibitors

Adverse events

SGLT-2i or GLP-1 RA. One patient in the SGLT-2i group
developed mild dehydration, while another in the same
group experienced elevated AST and ALT levels due to
hepatitis B virus infection. A urinary tract infection was

reported in one patient in each group.

SGLT-2 inhibitors + GLP-1 receptor agonists

(N=61) (N=61)
Urinary tract infection 1(1.6%) 1(1.6%)
Acute kidney injury 1(1.6%) 1 (1.6%)
Dehydration 1 (1.6%) 0
Ketoacidosis 0 0
Hepatitis 1 (1.6%) 0
Amputation 0 0
Fracture 0 0
Hypoglycemia 1 (1.6%) 3 (4.9%)
Discussion in UACR of 26% was observed during the combination

In this small retrospective cohort study of patients with
type 2 diabetes and albuminuria, combination therapy
with GLP-1 RA and SGLT-2i resulted in a non-significant
reduction in albuminuria compared to SGLT-2i alone.
The combination group also showed a tendency toward
improved glycemic and blood pressure control. There
were no differences in BW, BMI, serum creatinine, or eGFR
between the two treatment groups.

In kidney outcome trials involving diabetic patients
with impaired kidney function and albuminuria, GLP-1 RA
have been shown to reduce the risk of kidney disease
progression by lowering albuminuria.”" Similarly, SGLT-
2i have also been shown to slow CKD progression.'*"®
Therefore, it is possible that combining these two types
of medications could provide an additive benefit in
reducing albuminuria and CKD progression.

The DECADE trial, a randomized, placebo-controlled
crossover trial, evaluated the effect of combined
dapagliflozin and once-daily exenatide in participants

with type 2 diabetes and albuminuria.'” A mean reduction

therapy period. Similarly, in the DECREASE trial, a
randomized, double-blind, placebo-controlled
clinical trial in obese patients with type 2 diabetes,
a 32% reduction in UACR was observed in the group
receiving combined dapagliflozin and twice-daily
exenatide after 16 weeks.'® Another randomized
open-label, placebo-controlled, double-blind, parallel
study involving 60 individuals with type 2 diabetes and
albuminuria reported a 22% reduction in UACR from
baseline in the combined empagliflozin and semaglutide
group.”

In the present study, the reduction in albuminuria was
small and non-significant. This difference may stem from
the variable efficacy of different drugs within the same
class. The GLP-1 RA used in this study were dulaglutide,
semaglutide, and liraglutide, whereas exenatide was used
in other studies.” Additionally, the difference in dosage
may also play a role. For example, in the study that used
semaglutide, the prescribed dose was 1 mg weekly, while

the dose in our study was 0.5 mg weekly.
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The larger reduction in albuminuria observed in the
combination group in our study could be attributed to
the higher baseline albuminuria. The albuminuria-lowering
effect of GLP-1 RA may be more pronounced in individuals

1819213 Byidence from the

with higher levels of albuminuria.
ELIXA trial supports the efficacy of GLP-1 RA in reducing
albuminuria, particularly in patients with higher baseline
levels. For instance, lixisenatide reduced albuminuria
by 2% in patients with normoalbuminuria and 39% in
patients with macroalbuminuria.”* Conversely, the SEMPA
trial, which used the combination of empagliflozin and
semaglutide in patients with normal albuminuria, found
no reduction in albuminuria compared to empagliflozin
alone.” This lack of reduction may be due to overlapping
effects on blood pressure and BW when adding GLP-1 RA
to SGLT-2i.

In the present study, participants were enrolled based
on a recent measurement of albuminuria (> 30 mg/g), with
60% having microalbuminuria. This characteristic may have
contributed to the lack of albuminuria-lowering effect.
Additionally, the albuminuria level was already low in
the SGLT-2 inhibitor group, resulting in a less pronounced
difference.

The metabolic benefits of combining GLP-1 RA and
SGLT-2i are well established. For instance, the DURATION-8
and SUSTAIN-9 trials demonstrated reductions in systolic
blood pressure, HbAlc, and BW in the combination
group compared to SGLT-2i alone.”* In the present study,
we observed reductions in HbAlc and blood pressure
in the combination group, though the between-group
differences did not reach statistical significance. The
relatively low baseline systolic blood pressure may have
limited the potential for further reductions. Additionally,
the long duration of diabetes in our patients suggests the
presence of calcified vascular beds and reduced vascular
elasticity, which may diminish the antihypertensive effects
of GLP-1 RA.

The limitations of this study include its retrospective
design, which may introduce biases and confounders. The
sample size was small, and the follow-up duration may
have been too short to assess CKD progression. However,

the strength of this study lies in its use of real-world data,

making the findings highly generalizable to the broader
population.

In conclusion, the addition of GLP-1 RA to SGLT-2i
did not significantly reduce albuminuria, blood pressure,
or HbAlc over a 6-month follow-up period in patients
with DKD. Additionally, there were no differences in the

adverse events reported between the two groups.
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Factors Associated with Non-Recovery of
Renal Function in Patients with

Septic Acute Kidney Injury
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Abstract

Background: Acute kidney injury (AKI) is a common complication in patients with infection and septicemia,
contributing to increased mortality and longer hospital stays. However, factors predicting renal recovery in patients
with septic AKI remain unclear. This study investigated biochemical factors associated with renal recovery in septic
AKI patients.

Methods: This was a retrospective, single-center study of patients admitted with infection-associated AKI between
January 1%, 2015, and December 31%, 2020. Patients were categorized into full recovery and non-recovery groups,
and factors associated with non-recovery of renal function within 90 days were analyzed.

Results: A total of 4,431 patients with septic AKI were included in the final analysis. Of these, 2,429 patients
(54.82%) were in the full recovery group, and 2,002 patients (45.18%) were in the non-recovery group. Independent
predictors of non-recovery included older age, male gender, AKI severity, the need for dialysis and assisted
ventilation, thrombocytopenia, elevated serum phosphorus and magnesium levels, and lower serum albumin. There
was no association between underlying conditions or the degree of chronic kidney disease and renal outcomes.
Conclusions: Older age, male gender, infection and AKI severity, the need for dialysis, thrombocytopenia, and lower

serum albumin were associated with non-recovery of renal function in patients with septic AKI.
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Introduction are equally important, have often been overlooked".

Acute kidney injury (AKI) is one of the most common
complications in patients admitted to the intensive care
unit. Infection and sepsis account for 10-20% of AKI cases
in the ICU and are associated with increased mortality
rates and longer hospital stays compared to patients
without AKI"**. Consequently, many studies have focused
on early diagnosis using various biological markers to
facilitate timely management and prevention®®. However,

long-term outcomes, particularly renal recovery, which

AKI and chronic kidney disease (CKD) are now
understood to be interconnected. Several factors,
categorized as risk factors and disease modifiers, have
been studied in relation to renal recovery’. Recently, the
term “acute kidney disease” was introduced to emphasize
that renal recovery can be anticipated if certain reversible
factors are identified.

Various working groups have proposed recovery

patterns to characterize renal outcomes, which are di-
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vided into three categories: full recovery, partial recovery,
and non-recovery®. These recovery patterns are not only
associated with renal outcomes but are also linked
to long-term mortality and cardiovascular risks, which
indirectly affect overall patient outcomes™".

While several studies have identified risk factors for
renal recovery in cases with non-specific causes of AKI,
little attention has been given to specific causes'* . This
study aims to highlight the factors, including risk factors
and disease modifiers, associated with non-recovery of

renal function in patients with septic AKI.

Methods

This retrospective, single-center cohort study was
conducted at Bhumibol Adulyadej Hospital, Bangkok,
Thailand. The study was approved by the hospital’s
Institutional Review Board. The Ethics Committee
of Bhumibol Adulyadej Hospital determined that the
project qualified for exemption, as it involved the use
of medical records collected for non-research purposes
(e.g., routine care or diagnosis), and the data collection
was completely anonymous. As a result, the requirement
for informed consent was waived.

Study population

Patients with septic AKI admitted between January
1, 2015, and December 31, 2020, were identified using
electronic medical records. The inclusion criteria were
as follows: 1) age > 18 years; 2) a diagnosis of AKl based
on the KDIGO 2012 criteria’ which defines AKI as an
increase in serum creatinine > 0.3 mg/dL within 48 hours
or > 1.5 times the baseline, known or presumed to have
occurred within the prior 7 days; and 3) the presence of
infection, identified using ICD codes for conditions such as
pneumonia (J09-J18), other lung infections (J85-86),
central nervous system infections (G00-GO7), cardiovas-
cular infections (1301, 1300, 1400), gastrointestinal and
hepatobiliary infections (K35, K57, K61, K75, K81, K83),
musculoskeletal infections (M00, MO1, M462-Ma65, M600,
M726), genitourinary infections (N10, N300, N390, N41),
and sepsis/septic shock (R572, R65). The exclusion
criteria were: 1) a history of end-stage kidney disease prior

to the infection; 2) a presence of glomerulonephritis;

3) readmission with a history of previous AK| or recurrent
AKI within 90 days; and 4) kidney transplant recipients.

Definitions

AKI' was defined and staged according to the KDIGO
2012 criteria’. The lowest serum creatinine level within
7 days before the development of AKI was used as the
baseline serum creatinine in this study. Patients without
a recorded baseline serum creatinine were excluded.
A previous study defined sepsis-associated AKI, or
septic AKl, as a sudden deterioration in kidney function
associated with a documented infection'’. In this study,
septic AKI was defined as the presence of AKI occurring
concurrently with an infection.

The ATN trial categorized renal recovery into three
groups: full recovery, partial recovery, and non-recovery'.
However, in the present study, renal recovery was
categorized into two groups, with partial recovery grouped
under non-recovery. The full recovery group included
patients whose serum creatinine returned to < 0.5 mg/dL
above baseline within 90 days of the first AKl event. The
non-recovery group consisted of patients whose serum
creatinine remained > 0.5 mg/dL above baseline.

Outcomes

The primary outcome of the study was predictors
of non-recovery of renal function in patients with
septic AKI.

Data collection

Biochemical parameters were obtained from electronic
medical records. Baseline demographic data included
age, sex, and underlying conditions such as diabetes
mellitus, hypertension, ischemic heart disease,
chronic heart failure or dilated cardiomyopathy, and
cerebrovascular disease. Laboratory data included
serum creatinine, estimated glomerular filtration rate
(eGFR), electrolytes, albumin, total protein, calcium,
phosphate, magnesium, and complete blood counts.
The use of assisted ventilation, duration of assisted
ventilation, and the type and duration of renal
replacement therapy were also collected.

Statistical Analysis

Continuous variables were expressed as mean =+

standard deviation, while categorical variables were
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expressed as count and percentage. The relationship
between two continuous variables was analyzed using
Pearson’s correlation, and differences between two
continuous variables were assessed using the Student’s
t-test. Differences between two categorical variables
were analyzed using the chi-square test. To identify
factors associated with renal recovery, univariate
and multivariate logistic regression analyses were
conducted. Statistical analyses were performed using
STATA version 15.1 (Stata Corp., USA). A p-value of < 0.05

was considered statistically significant.

Results

A total of 10,724 cases of AKl were identified. Three
hundred fifty-four patients were excluded due to a diag-
nosis of glomerulonephritis or kidney transplant status.
Infection-associated AKI was identified in 4,708 patients.
An additional 277 patients were excluded due to preexist-
ing CKD stage 5, as defined by the KDIGO 2020 criteria®.
In total, 4,431 patients were included in the final analyses.
Of these, 2,429 patients (54.82%) were in the full
recovery group, and 2,002 patients (45.18%) were in
the non-recovery group (Figure 1). Demographic and
laboratory data for all patients are shown in Table 1.

Al cases with acute

kidney injury
N = 10724

Exclude kidney
transplantation and
glomerulonephritis

N =354

—>

Exclude cases
without infection
n= 5662

—>

\

Infection-associated
acute kidney injury
N = 4708

Exclude chronic kidney
disease stage 5D
N =277

—>

Y

l !

Fully renal recovery Non-recovery
n = 2429 (54.82%) N=2002 (45.18%)

Figure 1 Study Flow Chart

Table 1 Demographic and laboratory data of all

patients

Parameters | N=4,431

Male (N/%) 2,352 (53.08)

Age (years) (N/%) 66.61+ 18.78
< 30 277 (6.25)
31-40 170 (3.84)
41-50 334 (7.54)
51-60 581 (12.11)
61-70 824 (18.6)
>70 2,245 (50.67)

Hypertension (N/%) 2,292 (51.13)

Diabetes Mellitus (N/%) 1,445 (32.61)

Cardiovascular disease (N/%) 3,567 (80.5)

eGFR (mL/min/1.73 m?) (N/%)

> 60 2,715 (61.27)
45 - 59 557 (12.57)
30 - 44 580 (13.09)
15-29 579 (13.07)

Acute kidney injury (N/%)

Stagel 1,326 (29.93)

Stage2 798 (18.01)

Stage3 2,307 (52.06)
Acute hemodialysis (N/%)

Intermittent hemodialysis 316 (7.13)

CRRT 243 (5.48)

Duration (days) 0.5 + 1.87
Assisted Ventilation (hours) (N/%)

< 96 657 (14.83)

> 96 2,630 (59.35)

Baseline laboratory data

Hemoglobin (g/dL) (N/%) 10.28 + 2.24

> 12 1,142 (25.77)
10-11 1,287 (29.05)
8-9 1,474 (33.27)
<8 528 (11.92)

Platelets (cells/uL) 229,000 + 147.04

Platelets < 100,000 cells/uL (N/%) 735 (16.59)
Creatinine (mg/dL) 1.05 + 0.67
eGFR (mL/min/1.73 m?) 77.46 + 41.82
Sodium (mmol/L) 137.68 + 7.28
Potassium (mmol/L) 4.05 + 0.76
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Table 1 Demographic and laboratory data of all

patients (continued)

Parameters | N=4,431
Chloride (mmol/L) 100.76 + 7.94
Bicarbonate (mmol/L) 19.67 + 5.87
Calcium (mg/dL) 8.27 + 1.02
Phosphate (mg/dL) 3.94 +1.98
Magnesium (mg/dL) 213 + 0.52
Total protein (g/dL) 6.1+1.12
Albumin (g/dL) 2.65 + 0.67

eGFR, estimated glomerular filtration rate; CRRT, continuous

renal replacement therapy

Differences in biochemical parameters between
the full recovery and non-recovery groups are shown in
Table 2. The full recovery group had a lower proportion
of male patients, older individuals, and those with CKD
stage 3A or higher, thrombocytopenia, and anemia.
Most patients in the full recovery group were in AKI
stage 1 and were less likely to receive dialysis or
assisted ventilation. Serum potassium, phosphate, and
magnesium levels were lower, while serum bicarbonate,
calcium, total protein, and albumin levels were higher
in the full recovery group. There were no significant
differences in the proportion of patients with diabetes,
hypertension, or cardiovascular disease between the

two groups.

Table 2 Demographic and laboratory data in full recovery vs. non-recovery groups

Full Recovery

Non-Recovery

Parameters N=2429 N=2002

Male (N/%) 1,244 (51.21) 1,108 (55.34) 0.005
Age (years) (N/%) < 0.001

< 30 199 (8.19) 78 (3.9)

31-40 106 (4.36) 64 (3.2)

41-50 178 (7.33) 156 (7.79)

51-60 328 (13.5) 253 (12.64)

61-70 462 (19.02) 362 (18.08)

> 70 1,156 (47.59) 1,089 (54.4)
Hypertension (N/%) 1,276 (52.53) 1,016 (50.75) 0.237
Diabetes Mellitus (N/%) 806 (33.18) 639 (31.92) 0.372
Cardiovascular Disease (N/%) 1,960 (80.69) 1,607 (80.27) 0.724
Chronic kidney disease (N/%) 0.001

Stage 2 1550 (63.81) 1,165 (58.19)

Stage 3A 275 (11.32) 282 (14.09)

Stage 3B 306 (12.6) 274 (132.69)

Stage 4 298 (12.27) 281 (14.04)
Acute dialysis (N/%) 179 (6.13) 380 (18.98) < 0.001
Intermittent hemodialysis 101 (4.16) 215 (10.74)
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Table 2 Demographic and laboratory data in full recovery vs. non-recovery groups (continued)

Full Recovery

Non-Recovery

Parameters N=2429 N=2002 P-value
CRRT 78 (3.21) 165 (8.24)
Duration (days) 0.27 + 1.30 0.78 « 2.36 < 0.001
Assisted Ventilation (hours) (N/%) 1669 (68.71) 1618 (80.82) < 0.001
< 96 322 (13.26) 335 (16.73)
> 96 1,347 (55.45) 1,283 (64.09)
Laboratory data
Platelets < 100,000 cells/uL (N%) 316 (13.01) 419 (20.93) < 0.001
Hemoglobin (g/dL) (N/%) < 0.001
> 12 671 (27.62) 471 (23.53)
10-11 761 (31.29) 527 (26.32)
8-9 753 (31.00) 721 (36.01)
<8 245 (10.09) 283 (14.14)
Acute kidney injury (N/%) < 0.001
Stage 1 1,035 (42.61) 291 (14.54)
Stage 2 392 (16.14) 406 (20.28)
Stage 3 1,002 (41.25) 1,305 (65.18)
Sodium (mmol/L) 137 + 7 137.6 + 7.6 0.56
Potassium (mmol/L) 4.0 + 0.7 4.1+0.8 < 0.001
Chloride (mmol/L) 100.5 + 7.8 101.0 + 8.1 0.07
Bicarbonate (mmol/L) 203 +5.8 18.8 £ 5.8 < 0.001
Calcium (mg/dL) 83+09 8.1+1.0 < 0.001
Phosphate (mg/dL) 37+18 41+21 < 0.001
Magnesium (mg/dL) 21+05 22+05 0.032
Total protein (g/dL) 63+1.1 6.0+ 1.1 < 0.001
Albumin (g/dL) 2.8 +0.7 25+0.6 < 0.001

eGFR, estimated glomerular filtration rate; CRRT, continuous renal replacement therapy

Univariate and multivariate regression analyses are  duration of dialysis, the need for assisted ventilation,
presented in Table 3. In the univariate analyses, factors  thrombocytopenia, worsening anemia, AKI stage 2 or
associated with an increased risk of non-recovery included  higher, CKD stage 3A or higher, higher serum phosphate

male gender, age over 40, the need for dialysis, longer  and magnesium levels, and lower serum albumin levels.

290 J Nephrol Soc Thail 2024; 30(4): 285-294 https://he01.tci-thaijo.org/index.php/JNST/index



Original Article JNST

Underlying diseases, including hypertension, diabetes

mellitus, cardiovascular disease, serum electrolytes

and calcium, were not associated with the outcome.

In the multivariate analysis, independent predictors of

non-recovery included male gender, increasing age,

the need for dialysis and assisted ventilation, thrombo-

cytopenia, moderate to severe anemia (Hb <10 g/dL),

higher AKI stages, elevated serum phosphate and

magnesium levels, and lower serum albumin levels. A

Forest plot of the odds ratios for predictors of non-recovery

is shown in Figure 2.

Table 3 Univariate and multivariate logistic regression analyses of predictors for non-recovery of renal function

Univariate analysis

Multivariate analysis

Parameters Odds ratio Odds ratio
(95% ClI) (95% CI)

Male (vs. Female) 1.18 (1.04-1.32) 0.006 1.3 (1.1-1.53) 0.002
Age (10 years) 1.16 (1.1-1.23) < 0.001
< 30 (reference) 1 - - -

31 - 40 1.54 (1.02-2.31) 0.037 = =

41 -50 2.23(1.59-3.13) < 0.001 - -

51 -60 1.96 (1.44-2.68) < 0.001 = =

61-70 1.99 (1.48-2.68) < 0.001 - -

> 70 2.40 (1.82-3.16) < 0.001 - -
Hypertension 0.93(0.82-1.04) 0.237 - -
Diabetes Mellitus 0.94 (0.83-1.07) 0.372 - -
Cardiovascular disease 1.02 (0.88-1.19) 0.724 - -
Dialysis (Yes vs. No) 2.94 (2.43-3.5) < 0.001 1.60 (1.18-2.16) 0.003
CRRT (Yes vs. No) 0.99 (0.69-1.42) 0.973 - -
Duration of dialysis (days) 1.19 (1.14-1.24) < 0.001 1.03 (0.97-1.08) 0.338
Assisted ventilation

Yes vs. No 1.91 (1.66-2.2) < 0.001 1.51 (1.23-1.86) < 0.001

> 96 hours (vs. < 96 hours) 0.91 (0.77-1.08) 0.312 - -
Thrombocytopenia (Yes vs. No) 1.76 (1.5-2.07) < 0.001 1.44 (1.17-1.78) 0.001
Hemoglobin (g/dL)

> 12 (reference) 1 - - -

10-11 0.98 (0.84-1.16) 0.883 - -

8-9 1.36 (1.16-1.59) < 0.001 = =

<8 1.64 (1.33-2.02) < 0.001 - -

> 10 (reference) 1 - - -

<10 1.44 (1.28-1.62) < 0.001 1.16 (0.98-1.36) 0.086
Stages of acute kidney injury 2.04 (1.85-2.25) < 0.001

Stage 1 (reference) 1 - - -
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Table 3 Univariate and multivariate logistic regression analyses of predictors for non-recovery of renal function (continued)

Univariate analysis

Multivariate analysis

Thrombocytopenia
Serum phosphorus

Serum magnesium

1.45(1.17, 1.79
1.07(1.02, 1.12
1.21(1.03, 1.43

Parameters Odds ratio Odds ratio
(95% CI) (95% ClI)
Stage 2 3.68 (3.04-4.45) < 0.001 - -
Stage 3 4.63 (3.97-5.4) < 0.001 - -
Stages of chronic kidney disease 0.95 (0.8-1.14) 0.608
Stage 2 (reference) 1 - - -
Stage 3A 1.36 (1.13-1.63) 0.001 = =
Stage 3B 1.19(0.99-1.42) 0.056 - -
Stage 4 1.25 (1.04-1.5) 0.013 = -
Blood Chemistry
Sodium 1.00 (0.98-1.02) 0.809 = =
Potassium 1.01 (0.89-1.13) 0.859 - -
Chloride 0.99 (0.97-1.01) 0.699 = =
Bicarbonate 0.98 (0.96-1) 0.072 - -
Calcium 1.01 (0.92-1.11) 0.735 = =
Phosphate 1.08 (1.03-1.13) < 0.001 1.06 (1.02-1.11) 0.006
Magnesium 1.22 (1.03-1.45) < 0.033 1.20 (1.03-1.42) 0.023
Albumin 0.53 (0.45-0.62) < 0.001 0.56 (0.49-0.64) < 0.001
Total Protein 0.98 (0.9-1.08) 0.797 - -
CRRT, continuous renal replacement therapy
Variables OR (95%Cl)
Age (10 year- ranged) l—o— 1.18 (1.11, 1.25)
Gender (male) |—— 1.34 (1.13, 1.57)
Stage of CKD —] 0.92 (0.85, 0.99)
Assisted ventilation | — 1.48 (1.20, 1.83)
Stage of AKI . L4y 205 (1.86, 2.26)
Receiving hemodialysis : . 1.65(1.21, 2.23)
Duration of hemodialysis - 1.03 (0.98, 1.08)
Moderate to severe anemia i : g 1.17 (0.99, 1.38)
)
)
)
)

Serum albumin

0.56 (0.49, 0.64

0.442

2.26

Figure 2 Forest plot of odds ratios for factors predicting non-recovery of renal function
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Discussion

The main findings of the present study demonstrated
that independent predictors of non-recovery of renal
function in patients with septic AKI were male gender,
increasing age, the need for dialysis and assisted ventilation,
thrombocytopenia, higher AKI stages, elevated serum
phosphate and magnesium levels, and lower serum
albumin levels. Underlying conditions, including diabetes
mellitus, hypertension, cardiovascular disease, and CKD
stages, were not associated with the outcome.

The present study showed that increasing age raised
the risk of non-recovery of renal function in patients with
septic AKI. Similar findings have been reported in patients
with non-infectious causes of AKI'*'****! Decreased serum
albumin, a traditional risk factor for predicting in-hospital
mortality in both infectious and non-infectious causes, can
also be used to predict non-recovery of renal function in
septic AKI®?,

Parameters associated with infection severity, such
as the need for assisted ventilation, were linked to an
increased risk of non-recovery. Similarly, other studies
have reported an association between higher APACHE
Il scores and the risk of non-recovery of renal
function'*'*16%%%,

More advanced stages of AKI and the need for renal
replacement therapy reflected the severity of kidney
injury and significant organ failure'*'*******. The lack of
an association between the duration of dialysis and
non-recovery could result from the small number of
patients that required dialysis. The associations between
higher serum phosphate and magnesium levels with
non-recovery were likely a result of the severity of AKI.
Similarly, thrombocytopenia and anemia in the present
study were likely consequences of infection severity and,
therefore, predicted worse outcomes. These findings are
consistent with those from the SEA-AKI study'®.

The association between male gender and
non-recovery has never been reported previously. This
may be explained by the link between male gender
and increasing age in this study. Traditional underlying
conditions, including CKD, diabetes mellitus, hypertension,

and cardiovascular disease, were not associated with

non-recovery in this study. While diabetes, hypertension,
and cardiovascular disease have been shown to predict
non-recovery of AKI from any cause”, they did not predict
renal outcomes in patients with septic AKI in this study,

as well as in others'*

. It is plausible that the severity
of the infection overshadowed any effects these
underlying conditions might have caused. Previous
research has shown that CKD is a risk factor for
progression to end-stage kidney disease but not
necessarily for renal recovery™.

There are some limitations to this study. First, it is
an observational retrospective cohort study that relies
on diagnostic codes (ICD-9 and ICD-10). Certain variables
influencing renal recovery, such as urine output
and APACHE Il scores, were not retrieved. Second,
infection-associated AKI was defined by the presence of
both infection and AKl at the same time; therefore, it did
not preclude the possibility of other causes affecting AKI".
However, the large sample size likely mitigated this issue,
allowing infection-associated AKI to be assumed in most
patients. Finally, as this study was retrospective, there
was no matching of parameters to prevent selection
bias that could have influenced the outcomes.
Nonetheless, a key strength of this study is the large
sample size, which should have provided sufficient
power to detect associations between each variable

and renal recovery.

Conclusions
Aging, male gender, the severity of infection and
AKIl, and the need for dialysis were associated with

non-recovery of renal function in patients with septic AKI.
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Tumor-induced Osteomalacia with Proximal
Tubulopathy: A Case Report
Chamanant Satjanon, Rungthiwa Kitpermkiat

Division of Nephrology, Department of Internal Medicine, Faculty of Medicine Ramathibodi Hospital,
Mahidol University, Bangkok, Thailand

Abstract

Tumor-induced osteomalacia (TIO) is a rare paraneoplastic syndrome that poses diagnostic challenges. Most
patients present with symptoms such as bone pain, fractures, or muscle weakness, which are caused by the
tumor’s production of fibroblast growth factor-23 (FGF-23). This phosphaturic hormone decreases the expression of
type 2 sodium-phosphate cotransporters (NaPi-2a and NaPi-2¢) in the kidney’s proximal tubule, leading to
hypophosphatemia due to increased phosphate excretion. Additionally, FGF-23 inhibits the enzyme 1a-hydroxylase
(CYP27B1), which converts 25(0OH)D to the active form of vitamin D, 1,25(OH)2D, while stimulating the enzyme
24-hydroxylase (CYP24A1), which increases the breakdown of 1,25(OH)2D. This reduction in active vitamin D contributes
to the development of osteomalacia. Diagnosing TIO is often delayed due to the small size of the tumor, which
is difficult to locate, and the non-specific symptoms. This article reports the case of a 58-year-old man who
experienced bilateral thigh pain for three years. Initially diagnosed with osteoporosis, he was treated with pain
medication, anti-resorptive therapy, and physical therapy. However, eight months before admission, his thigh pain
worsened, and he had difficulty walking. Laboratory tests revealed renal phosphate wasting, hypophosphatemia,
and elevated levels of intact FGF-23. Additionally, proteinuria, glucosuria, and elevated urine beta-2 microglobulin
indicated proximal tubulopathy. A 99mTc-Hynic-TOC scan with SPECT/CT revealed increased uptake in the right

medial thigh. He was diagnosed with TIO and Fanconi syndrome.
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Hypophosphatemia
(Serum phosphate < 2.5 mg/dL)

v v
Non-renal loss Renal loss
FEpoq <5% or 24 hr U, <100 FEpos >5% or 24 hr U, >100
I I
v v v v
Decrease Gl absorption Transcellular shift ~ or TPTH lpTH
| I
1 Calcium
» Vitamin D deficiency | _ « Calcium and FGF-23
* Bisphosphonate Fanconi syndrome

» RANKL-inhibitor

T Calcium | « Calcium and TFGF-23
1°Hyperparathyroid « TIO
« Ferric carboxymaltose

whugfifl 1 uanauuInamsnsaitadousnlsadinefiunderoamsludonsi
ARLUAI9IN Koumnakis E, Cormier C, Roux C, Briot K. The Causes of Hypo- and Hyperphosphatemia in Humans.
Calcified Tissue International. 2021;108(1):41-73.7
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* MTIAINNYDIAINUABY
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\/
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\/
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AnUUa997n Laurent MR, De Schepper J, Trouet D, Godefroid N, Boros E, Heinrichs C, et al. Consensus Recommendations
for the Diagnosis and Management of X-Linked Hypophosphatemia in Belgium. 2021;12.*
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