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Alkali therapy for prevention of acute kidney injury in
rhabdomyolysis
Jun-Ya Kaimori1,2, Yusuke Sakaguchi1,2, Yoshitaka Isaka2
1

Department of Inter-Organ Communication Research in Kidney Diseases, Osaka University Graduate School of Medicine, Osaka, Japan
Department of Nephrology, Osaka University Graduate School of Medicine, Osaka, Japan

2
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Rhabdomyolysis is a syndrome characterized by breakdown of skeletal muscle and leakage of cellular constituents, including electrolytes, myoglobin, and other cytoplasmic proteins, into circulation [1]. In the United States, the
National Hospital Discharge Survey has reported 26,000
cases of rhabdomyolysis annually [2]. The etiology of rhabdomyolysis is diverse and includes trauma, therapeutic
agents, substance abuse, infection, hyperthermia, toxins,
genetic defects, and metabolic diseases [3]. Acute kidney
injury (AKI) reportedly occurs in 14% to 46% of patients
with rhabdomyolysis, and about 28% to 37% of adults with
AKI require temporary hemodialysis [4]. Therefore, AKI
is a serious complication of rhabdomyolysis, regardless
of the cause. Early recognition and prevention of AKI are
the most important steps in treatment of rhabdomyolysis.
Myoglobin is known to be the main cause of AKI in rhabdomyolysis cases. The myoglobin leaked from damaged
skeletal muscle accumulates in serum and is observed in
urine as a reddish-brown substance when the serum myoglobin concentration exceeds 100 mg/dL [1]. Acidic urine
and increased uric acid in the urine can precipitate inter-

action between myoglobin and Tamm-Horsfall protein,
which results in the formation of casts in the tubules and
impaired urine flow [1]. Myoglobin is a heme protein that
contains iron as ferrous oxide. However, naked ferrous oxide in heme protein outside of the cell is easily oxidized to
ferric oxide, because of a lack of effective intracellular antioxidant systems. In the oxidation process of ferrous oxide
to ferric oxide, a hydroxyl radical is generated. This process
of heme oxidation of myoglobin is known to be enhanced
in a low pH environment [5]. Therefore, myoglobin deposited in acidic urine in the tubules releases reactive oxygen
species and free radicals, leading directly to tubular injury
[1]. Renal vasoconstriction is a further feature of rhabdomyolysis-induced AKI and is mediated by activation of
various physiological pathways. The fluid trapped in the
damaged skeletal muscle leads to a reduced intravascular
volume, which promotes activation of the renin-angiotensin system, the sympathetic nervous system, and release of
other vascular mediators, including vasopressin, endothelin-1, tumor necrosis factor-alpha, and thromboxane A2, as
well as myoglobin itself as a scavenging factor of nitric oxide [5]. F2-isoprostanes, which are good in vivo markers of
lipid peroxidation, are markedly increased in patients with
rhabdomyolysis and are potent vasoconstrictors formed by
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the action of free radicals on arachidonic acid. Collectively, the acidic urinary environment increases tubular obstruction via formation of myoglobin-containing casts and
oxidative stress-induced tubular injury/vasoconstriction
via accelerated oxidation of ferrous myoglobin. Therefore,
administration of sodium bicarbonate as alkali therapy has
been recommended for reduction of myoglobin precipitation, redox cycling, and lipid peroxidation to prevent oxidative tubular injury and renal vasoconstriction [3]. However,
there is little clinical evidence that urinary alkalization
therapy using bicarbonate is better than administration of
saline to prevent AKI [6]. In this issue of Kidney Research
and Clinical Practice, Kim et al. [7] report a large retrospective propensity score-matched cohort study in which
they examined whether bicarbonate therapy is better than
non-bicarbonate therapy in 4,077 patients with rhabdomyolysis. They found that patients who received bicarbonate
had a higher incidence of AKI, were more likely to need
dialysis, and had a higher mortality rate and a longer hospital stay than those who did not. Furthermore, patients
who received high-volume fluid therapy had worse renal
outcomes and a lower survival rate than those who received
low-volume fluid therapy. Despite not being a randomized
controlled trial, this research is important, because its findings argue against the conventional view of therapies for
rhabdomyolysis and are robust enough to warrant their dissemination to a wide audience, including practitioners in
emergency medicine, internal medicine, and nephrology.
Contrast-induced AKI (CI-AKI) is similar to rhabdomyolysis-induced AKI in that iodinated contrast agents also
induce tubular oxidative injury and renal vasoconstriction
via inhibition of nitric oxide activity and production of
F2-isoprostanes in the same way as myoglobin in rhabdomyolysis-induced AKI. Alkali therapy for CI-AKI by administration of bicarbonate has been used in the clinical
setting for a long time. Until now, there has been controversy regarding the therapeutic advantage of bicarbonate
over saline. However, it is interesting to review how sodium
bicarbonate infusion therapy has been evaluated in the
past. CI-AKI is more common than rhabdomyolysis-induced AKI. Several small randomized controlled trials have
demonstrated therapeutic superiority of bicarbonate over
saline. A meta-analysis of these trials also revealed a lower
incidence of CI-AKI with sodium bicarbonate-based hydration than with normal saline-based hydration [8]. However,
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a retrospective cohort study that included 7,977 patients
found that the incidence of CI-AKI was higher in those
who received sodium bicarbonate than in those who did
not, and remained higher after propensity score matching
[9]. Finally, in 2018, the PRESERVE (Prevention of Serious
Adverse Events Following Angiography) trial in high-risk
patients found that intravenous administration of sodium
bicarbonate was not superior to normal saline for the prevention of CI-AKI [10]. The largest and most sophisticated
clinical trial in CI-AKI, PRESERVE had a randomized, double-blind, placebo-controlled design, and included more
than 5,000 patients with and without diabetes, and estimated glomerular filtration rates in the range of 45.0–59.9 mL/
min/1.73 m2 and 15.0–44.9 mL/min/1.73 m2, respectively.
PRESERVE also excluded patients with an unstable baseline serum creatinine level, which made the study more
feasible.
The PRESERVE study provides evidence that a saline
hydration strategy is sufficient to prevent CI-AKI. In the future, we will need a large-scale, well-designed clinical trial
in patients with rhabdomyolysis to determine the most
suitable hydration strategy for prevention of rhabdomyolysis-induced AKI.
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A new pathological perspective on thrombotic
microangiopathy
Yong-Jin Kim
Department of Pathology, Kyungpook National University Hospital, Daegu, Republic of Korea

Thrombotic microangiopathy (TMA) refers to a condition caused by microvascular injury that includes thrombosis, hemolytic anemia,
and thrombocytopenia. There are two classic TMAs, hemolytic uremic syndrome (HUS) and thrombotic thrombocytopenic purpura, as
well as an atypical HUS (aHUS). aHUS includes a broad spectrum of disorders with diverse etiologies and shares clinical manifestations with classic TMA; however, it frequently lacks typical clinical and laboratory findings. These traits can confuse clinicians and pathologists in terms of renal pathologic diagnosis, especially in cases where TMA is associated with other glomerulopathies or hypertensive renal disease. In this review, new paradigms for classifying TMA and the diversity of histopathologic changes including associated renal diseases are discussed. Renal biopsy is an important and useful diagnostic tool for diagnosing TMA and identifying TMA
changes in other renal diseases, including hypertension. Adopting the term “TMA features” for TMA-like changes in glomerulus or artery/ arteriole in addition to the pathological diagnosis of glomerulopathy would be informative to clinicians for a prompt diagnosis
and treatment of aHUS.
Keywords: Atypical hemolytic uremic syndrome, Classification, Complement C4d, Pathology, Thrombotic microangiopathies

Introduction
Thrombotic microangiopathy (TMA) is a pathologic term
used to describe a condition characterized by microvascular changes, including thrombosis, in association with
laboratory abnormalities of microangiopathic hemolytic
anemia (MAHA), thrombocytopenia, and organ injury. It is
not limited to thrombotic thrombocytopenic purpura (TTP)
and hemolytic uremic syndrome (HUS). Severe/malignant
hypertension, preeclampsia/eclampsia, antiphospholipid
antibody syndrome, scleroderma, various drug toxicities,

and metabolic disorders all share pathologic findings with
TMA [1]. This diversity of TMA conditions has contributed
to the evolution of classification criteria, which has caused
some confusion regarding the diagnosis and treatment of
TMA.
The TMA nomenclature is challenging in practical renal
biopsy work in cases with nonthrombotic TMA features because TMA has been used to describe pathologic features
of HUS and TTP, in which thrombosis in the glomerular
capillary lumen and in renal arteries/arterioles was among
the main findings [1,2]. Currently, such findings are rare
because biopsies in such cases are very limited. Instead,
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the majority of biopsies are from atypical HUS (aHUS) cases or uncharacterized syndromes from HUS or TTP. Such
biopsies frequently show acute and chronic microangiopathy findings but rarely show thrombi [3]. These TMAlike vascular changes are also observed in various renal
diseases and have become independent findings for worse
prognosis, especially in hypertension and immunoglobulin A nephropathy (IgAN) [4]. However, in the absence of
thrombosis in glomeruli or vessels, such changes are not
easily accepted for describing TMA.
This review discusses the evolving classification, casebased histopathologic findings, and new perspectives regarding TMA pathology, especially those associated with
hypertension and IgAN.

Brief overview of the classification
The classification of TMAs is constantly evolving. Historical
classifications have been based on clinical findings: TTP
for predominant neurologic involvement and HUS for kidney-symptom-dominant disease. aHUS has been loosely
applied to all other TMAs with no typical TTP or HUS [1,2].
By etiology, TTP is characterized by severe ADAMTS13
deficiency, while HUS is characterized by the presence of
Shiga toxin-producing bacteria, and aHUS is broadly used
to refer to all other causes of TMA [5].
Following the discovery of the role of complement dysregulation [1,6], a proportion of aHUS specifically refers to
complement-mediated TMA or primary TMA. The term
secondary TMA refers to any aHUS with an unclear cause.
At least 50% of aHUS cases occur because of genetic abnormalities leading to dysregulation of the alternative complement pathway on the surface of the vascular endothelium
[3,5–8]. Complement factor I and membrane cofactor
protein mutations are more common in adults and children, respectively [9]. Patients with a complement factor H
(CFH) mutation have reduced ESRD-free survival, whereas
patients with a membrane cofactor protein mutation have
longer end-stage renal disease (ESRD)-free survival [9].
However, these abnormal complement genes have been
identified in patients with secondary TMA associated with
infections, pregnancy, transplantation, glomerular diseases, and malignant hypertension. There is overlap between
primary and secondary TMA. Of 66 Korean patients with
aHUS, 36 (45%) had at least one aHUS-related variant

gene. The most frequently affected gene was CFH (32%),
followed by thrombomodulin gene (20%) and CD46 (18%)
[10].
With this knowledge of genetic mutations, eculizumab,
which is a humanized monoclonal antibody against C5,
has been shown to be effective in treating patients with
aHUS [11–15]. Prior to effective treatment, disease outcomes were poor, and the recommended management was
frequent plasma exchange and infusion. With increasing
reports of successful treatment of patients with aHUS using
eculizumab, eculizumab-responsive and eculizumab-resistant aHUS have been identified [5].
Histologically, from renal biopsy, TMA can be divided
into acute and chronic forms. The acute form is characterized by thrombosis in the glomerulus and/or artery or arteriole, whereas thrombi are very rare in the chronic form.
When present, thrombosis is usually limited to the artery
and arteriole and commonly is seen in secondary TMA
forms. It has been frequently observed that the secondary
form has no typical laboratory findings or evidence of hemolysis and thrombocytopenia. For these reasons, “laboratory TMA” and “morphological TMA” have become the
suggested nomenclature for classification.
Based only on renal biopsy findings, the author, who is a
pathologist, would like to propose the term “TMA features
with or without thrombosis” in addition to the original
renal diseases, because renal function deteriorates rapidly
in most cases with these features [5]. Using this proposed
term in biopsy reports would be highly informative for
clinicians to determine the etiology of TMA, including genetic tests, and to provide early treatment to patients with
TMA by applying plasma exchange or administering eculizumab.

Pathologic features of thrombotic
microangiopathy
TMA exhibits pathological features that represent tissue
responses to endothelial injury and is divided into acute/
active and chronic changes. These changes often coexist in
the same biopsy tissue.
Details of the histopathologic findings have been well defined and established [3,15]. Acute/active microangiopathy
has been defined as the presence of thrombi (Fig. 1), endothelial swelling or denudation, mesangiolysis, or microan-
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A

B

Figure 1. Glomerulus with capillary thrombi. (A) Capillary thrombi (arrow, red-orange color) are confined in the capillary lumen
(Masson’s trichrome stain, ×400). (B) Anti-CD61 positive clumps
(arrow) are platelet aggregates and represent thrombi. The scattered granules in the capillary lumen are isolated platelets that
are not evident on routine microscopy (immunohistochemistry,
×400).

eurysms in the glomeruli; thrombi, endothelial swelling
or denudation, intramural fibrin, or intimal swelling in the
arterioles; and thrombi or myxoid intimal swelling in the
arteries (Fig. 2A, B).
Chronic microangiopathy is defined as double contours
of glomerular capillary walls, observed via light microscopy; widening of the subendothelial area under electron
microscope (Fig. 3); presence of fibrous intimal thickening
with onion skin-like lamination in the arteries; and hyalinosis in arterioles (Fig. 2C, D).
Immunofluorescence microscopy is negative for anti-immunoglobulins or complements, but fibrin clumps can be
observed in glomerular capillaries and the arteriolar lumen.
Electron microscopy demonstrates glomerular endothelial cell swelling with fluffy subendothelial electron-lucent
material (Fig. 3). This is visualized as a double contour of
the peripheral glomerular capillary wall when observed

A

B

C

D

Figure 2. Arterial myxoid and fibrous changes. (A) Subintimal or subendothelial edema with myxoid changes (arrow) shows a pale
blue color on Masson’s trichrome stain (×400). (B) Myxoid changes with fibrosis in a larger artery (Masson’s trichrome stain, ×200). (C)
Thick arterial walls with fibrosis and hyalinosis (arrow, red-orange color) (Masson’s trichrome stain, ×400). (D) Multiple laminations in
the arterial wall (Periodic acid-Schiff, ×200).
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A

B

Figure 3. Electron microscopic changes in the glomerular
basement membrane. (A) Early changes. Endothelial cell detachment (arrows) from the glomerular basement membrane and an
electron-lucent material between the detached endothelial cell
and glomerular basement membrane are seen. Endothelial cell
(asterisk) has edematous changes (×3,000). (B) Chronic changes. A new layer of basement membrane (arrows) forms a duplicate of the glomerular basement membrane (×5,000).

under a light microscope. The degree of subendothelial
swelling or edema varies and is not related to etiology. Intraluminal fibrin fragments occasionally can be present,
but electron dense deposits are not identified.
In summary, active/acute TMA is characterized by
thrombi, and glomeruli are more frequently involved than
intrarenal vessels. Chronic TMA lesions are located mainly
in the arteries and arterioles with or without glomerular
double contours. The presence of thrombi is rare.
Because it is not easy to determine etiology from morphology, it is important for pathologists to provide a
differential diagnosis, especially in patients with severe
hypertension, where vascular changes are similar to TMA.
Because TMA features without thrombosis can coexist with
other glomerulopathies or glomerular diseases, pathologists should give this information to clinicians to rule out
the etiology of aHUS and to avoid poorer renal outcomes.
Practically, routine light microscopic stains for renal biopsy
are not sufficient to differentiate and confirm TMA diagnosis. Therefore, several helpful ancillary tests have been
proposed.
The thrombi, when present, appear as clumps of red and
white blood cells and are identified by hematoxylin and

A

B

Figure 4. C4d depositions in arteriolar walls. (A) Thick arteriolar
wall (arrows) (Masson’s trichrome stain, ×100). (B) C4d deposition along the thick arteriolar wall (arrows) (immunohistochemistry, ×100).

eosin and other stains. These can be confirmed by CD61
immunohistochemistry, an antiplatelet antibody [16] (Fig.
1B). However, this staining is sometimes inconclusive because of nonspecific scattered fine granular positivity in the
capillary lumen and interstitium.
Specific and sensitive markers of complement activation
are not known for TMA. Noris et al. [17] reported strong
immunostaining for C3 and C9 neoantigens in small arterioles. A Portuguese cohort study found that 17% (21/126) of
IgAN cases were positive for C4d at the arteries/arterioles
and were associated with hypertension and the chronic
form of TMA [18]. Chua et al. [19] demonstrated the usefulness of C4d deposition in the renal tissue of patients with
IgAN and TMA. C4d immunohistochemistry/immunofluorescence has become an important ancillary form of
staining for antibody-mediated rejection at the peritubular
capillaries [20]. It has been reported to be positive along
the glomerular capillary wall in membranous nephropathy
cases [21]. Several studies have shown that glomerular C4d
is a valuable biomarker associated with disease progression
in IgAN [22–24]. C4d immunohistochemistry performed
for IgAN, membranous nephropathy, and transplant renal
biopsy revealed that C4d was frequently positive in the
thick arteriolar wall and the foci of arterial hyaline change
(Fig. 4). Laskin et al. [25] reported that diffuse or focal renal
arteriolar C4d staining was more common in cases with
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hematopoietic stem-cell transplantation-associated TMA
(75%) compared with controls (8%). They suggested this
arteriolar C4d deposition implicates localized complement
fixation and causes secondary kidney injury. In malignant
nephrosclerosis, renal biopsy showed identical histopathological and ultrastructural features to TMA, while arteriolar
C4d was associated with deposition of C5b-9, C3a, and C5a
[26].

Thrombotic microangiopathy associated with
immunoglobulin A nephropathy
IgAN has long been recognized in intrarenal vascular
lesions, such as arteriolar wall thickening and hyaline
changes. This is similar to TMA and can be a prominent
feature [27,28]. However, the Oxford classification does not
consider these vascular changes because of their poor reproducibility and lack of statistically significant association
with decreased renal survival [29,30]. Recently, Moriyama
[23] and Zhang et al. [31] demonstrated that patients with
arterial or arteriolar sclerosis had significantly more severe
histological findings, decreased renal function, and lower
survival rates than those without sclerosis (64.0% vs. 84.7%,
p < 0.001). They also showed that treatment with renin-angiotensin system inhibitors improved the survival of patients with arterial or arteriolar sclerosis [23,31].
The main studies about TMA in patients with IgAN are
shown in Table 1. Discrepancies in the frequency of TMA
involvement might be due to differences in the definition
of morphologic criteria, but differences among populations
also might be relevant and included reports from the Unit-

ed States [26,32], Iran [33], France [16], China [31,34], Netherlands [19], Brazil [35], and Korea (Kyungpook National
University Hospital [KNUH]). Most reports were based on
light microscopic changes only, but two studies [26,36] and
our results (KNUH) included electron microscopic changes. Zhang et al. [31] reported that, of 1,683 patients with
IgAN, only 43 (2.6%) had arteriolar thrombosis. Haas and
Mirocha [36] reported two cases of systemic TMA.
Renal pathology findings of the reported cases in Table
1 were mostly confined to the renal arteries and arterioles.
When electron microscopic examination was available,
widening a subendothelial zone of the glomerulus was
described. In addition to these changes, Chang et al. [32]
found that all cases showed a remarkable degree of interstitial fibrosis and tubular atrophy, with interstitial inflammation.
The precise pathogenic mechanism underlying TMA in
IgAN cases remains unclear. Hypertension deserves specific attention here, given that high shear stress induced by
hypertension can cause microangiopathic changes [37].
However, hypertension seems unlikely to be the sole cause
of IgAN-associated TMA, because the Brazilian cohort
study [35] showed that 20 of 69 cases (29%) occurred in
patients with systolic pressure values of <140 mmHg at the
time of biopsy. Thus, antiendothelial cell antibodies were
proposed as a possible pathologic contributor rather than
pressure-induced endothelial disruption [38].
In a TMA study of IgAN, most laboratory findings for
TMA were negative (Table 1). However, eight cases in a
study by El Karoui et al. [16] and two cases in a study by
Haas and Mirocha [36] showed relevant results for TMA.

Table 1. Studies on TMA lesions in patients with IgAN
Study
Chang et al. [32]
Nasri [33]
El Karoui et al. [16]
Zhang et al. [31]
Haas and Mirocha [36]
Chua et al. [19]
Cai et al. [34]
Neves et al. [35]
KNUH data

No. of patients
435
136
128
1,683
2,290
105
944
118
109

TMA, n (%)
10 (2.3)
2 (1.5)
68 (53.2)
43 (2.6)
49 (2.2)
23 (20.0)
194 (20.6)
21 (17.8)
3 (2.7)

HTN, n (%)
100
100
82
100
90
77
75.8
67.8
100

TMA Laba
Negative
Negative
8/68
NA
2/49
Negative
Negative
Mild
Negative

Geneticsb
NA
NA
Negative
NA
NA
NA
NA
NA
NA

Methods
LM, EM
LM
LM, CD61
LM
LM, EM
LM, C4d
LM
LM, C4d
LM, EM, C4d

CD61, antiplatelet immunohistochemistry; C4d, anticomplement 4d immunohistochemistry; EM, electron microscopy; HTN, hypertension;
KNUH, Kyungpook National University Hospital; LM, light microscopy; NA, not available; TMA, thrombotic microangiopathy.
a
Laboratory data supporting for TMA; bComplement mutation study supporting TMA.
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The group with TMA morphology who had laboratory signs
of TMA had far worse renal outcomes than a group with
morphologic TMA and no laboratory signs. Cases with only
morphologic TMA were described by Haas and Mirocha
[36] as the “underwater” part of an iceberg.
Regarding thrombocytopenia as a signature sign of HUS,
a French cohort study [39] found that HUS patients with
normal platelet count were not uncommon (13%), and
they referred to them as partial HUS cases. Cases of HUS
that did not show thrombocytopenia had similar characteristics and identically poor renal outcomes to cases with
classic HUS and should be treated the same. Therefore,
thrombocytopenia might not be among the main findings
among HUS cases.
Genetic mutations should be considered as part of the
IgAN-TMA pathogenesis mechanism, but two studies of
complement mutation genes on IgAN did not identify mutations [16,40]. Currently, genetic variants of complement
genes do not appear to play a role in TMA in IgAN. However, complement activation is an important trigger factor
for IgAN development via lectin and alternative pathways
[41,42]. The presence of the complement cleavage product
C4d has been shown to be associated with progression of
renal damage in patients with IgAN [22–24]. However, these
results focused on glomerular lesions and not on arterial/
arteriolar changes. Some case reports of gene mutations in
IgAN patients were concurrent systemic TMA in IgAN cases
rather than IgAN-associated TMA cases [43–46]. However,
future work must address the impact of complement activation on the pathogenesis of TMA lesions in patients with
IgAN.
In addition to differences in TMA incidence, common
results from the above published reports (Table 1) were as
follows: 1) IgAN with TMA-like arterial and arteriolar lesions had worse renal function and worse outcomes than
cases without such changes; 2) the studies had no clinical
or laboratory findings of TMA; 3) genetic mutations relevant
to TMA were absent; and 4) the incidence of hypertension
was higher than IgAN without TMA-like vascular lesions.
Taken together, these findings indicate that TMA-like
pathologic features of arterial and arteriolar lesions in IgAN
are TMA variants. In line with pathology diagnoses, these
vascular changes should be included in the Oxford classification for worse prognostic signs, as well as for indicating
the possibility of systemic TMA. Such diagnoses would be

helpful for clinicians to appropriately treat patients.
Different types of glomerulopathies other than IgAN
complicated by TMA have been reported, such as lupus nephritis [47], focal segmental glomerulosclerosis [48], membranous nephropathy, and antineutrophil cytoplasmic
autoantibodies-associated crescentic glomerulonephritis
[4,49–50]. Several mechanisms have been suggested, such
as nephrotic-range proteinuria and gene mutations involving alternative complement regulatory proteins [50].
Although most reported cases were concurrent TMA with
underlying glomerulopathies, C3 glomerulonephritis
might be an exception due to abnormalities of the alternative pathway of complement. Approximately 5% of C3 glomerulonephritis had histopathologic features of TMA [51].

Hypertension
Long-standing uncontrolled hypertension can induce
slowly progressive renal failure due to hypertensive nephrosclerosis. However, quite often, a more acute and
potentially life-threatening TMA can occur with severe hypertension [52]. There has been a debate regarding whether hypertension is the cause or effect of TMA by sheer
stress-induced endothelial damage [27]. However, a recent
study by Timmerman et al. [53,54] identified underlying
mutations in the complement genes of severe hypertension
cases. In six of nine patients, they found C3 mutations in
three, CFI in one, CD46 in one, and CFH in one patient. In
contrast to patients without genetic defects, patients with
complement defects invariably progressed to ESRD, and
disease recurrence after kidney transplantation was common. Timmerman et al. [53,54] showed that some patients
with hypertension-associated TMA should be considered
in the spectrum of complement-mediated TMA, the prognosis of which is poor even though profound hematologic
symptoms of TMA were uncommon. Hence, the authors
proposed testing for genetic complement abnormalities
in patients with severe hypertension [53,54]. Renal biopsy
findings in available cases were vascular TMA rather than
glomerular changes. Prominent myxoid intimal change
and onion-skinning were described.
TMA changes within the renal vasculature can induce
severe hypertension, and vice versa. Thus, identification of
aHUS in patients with severe hypertension could be challenging, particularly in patients without systemic hemoly-
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sis signs [53], which yields TMA laboratory signs, including
anemia, schistocytosis, thrombocytopenia, and elevated
lactate dehydrogenase. For suspected TMA cases with hypertension, a confirmatory kidney biopsy can be the first
step to detecting TMA.
These vascular TMA morphologies with no systemic
TMA signs have also been seen in pregnancy-related TMA
[55,56] and transplant glomerulopathy in allografts [57–59].
Light microscopy revealed arterial/arteriolar changes and
electron microscopy revealed subendothelial edema in the
glomerular basement membrane. In addition to a slow but
persistent progressive clinical course, the term “chronic
smoldering TMA” was suggested [55,57–59].

Conclusion
TMA is a heterogeneous disorder induced by endothelial
injury with many etiologies. With the exception of two prototypes of HUS and TTP, aHUS does not have the typical
clinical signs or pathologic renal changes of TMA. aHUS
frequently lacks thrombocytopenia and MAHA. Moreover,
aHUS shows the presence of thrombi in glomeruli or intrarenal vessels. Organ symptoms are usually limited to the
kidney. Thus, many terms have been proposed to describe
these atypical forms of HUS. Morphologic TMA is used in
cases lacking clinical or laboratory signs. Vascular TMA
is used if the disease is limited to renal arterioles/arteries. Smoldering TMA is used to describe mild but chronic
and persistent clinical progression. Through this review,
we show that IgAN and hypertension have vascular TMA
changes frequently result in worse prognosis than patients
without such changes. In the absence of thrombi in renal
biopsy, TMA can be overlooked and underappreciated,
even in various renal diseases. Although complement system dysregulation and genetic mutations were shown to
be etiologies or triggers for TMA, routine complement tests
and markers of complement activation are not suitable for
prompt diagnosis of TMA because they lack sensitivity and
specificity, are time-consuming, and are expensive.
In conclusion, renal biopsy is important and can be a
useful diagnostic tool to diagnose TMA as well as to find
TMA changes in other glomerulopathies or renal diseases
including hypertension. These pathological changes and
TMA features should be further described for pathologic
diagnosis of glomerulopathy.
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Using the term “TMA features” in biopsy reports would
be very helpful for clinicians to determine the etiology of
aHUS, including genetic tests, and can allow early treatment to patients with aHUS by applying plasma exchange
or administering eculizumab.
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The high prevalence of cardiovascular disease in patients with chronic kidney disease indicates significant interactions between
pathogenic pathways operating in the kidney and heart. These interactions involve all cell types (endothelial cells, smooth muscle
cells, macrophages, and others), components of the vasculature, glomeruli, and heart that are susceptible to oxidative damage and
structural alterations. A vicious cycle occurs whereby harmful factors such as reactive oxygen species and inflammation damage of
vascular structures that themselves become sources of additional dangerous/toxic components released into the local environment.
The evidence of this vicious cycle in chronic kidney disease should therefore lead to add other factors to both traditional and nontraditional risk factors. This review will examine the processes occurring during progressive kidney dysfunction with regard to vascular injury, renal remodeling, cardiac hypertrophy, and the transversal role of oxidative stress in the development of these complications.
Keywords: Antioxidant response elements, Inflammation, Kidney, Reactive oxygen species, Redox balance

Introduction
The development of cardiovascular-renal remodeling in
chronic kidney disease (CKD) is a progressive, long-term
process leading to increased morbidity and mortality [1].
According to a recent analysis of the global burden of CKD,
the prevalence of cardiovascular disease (CVD) accounted
for an additional 1.4 million deaths among patients with
CKD, which represented 7.6% of deaths due to CVD. CVD
is therefore the leading cause of death among end-stage renal disease (ESRD) patients undergoing dialysis [2,3]. The
interplay between kidney dysfunction and CVD is associated with both traditional atherosclerotic and nontraditional

cardiovascular risk factors, including prothrombotic and
proinflammatory states, endothelial dysfunction, and oxidative stress [4]. Therefore, to shed light on the pathological
mechanisms underlying CVD and renal remodeling, this
review will specifically address alterations in the vasculature during progressive kidney dysfunction.

The vicious cycle
It is well established that the traditional risk factors for CVD
in CKD patients are hypertension, diabetes, dyslipidemia,
and smoking [5–8]. However, compelling evidence also indicates pivotal roles for additional nontraditional risk fac-
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tors, including inflammation, oxidative stress, and endothelial dysfunction, in the development of CVD [4,9]. When
acting together, these processes encompass more than
the simple concepts of traditional and nontraditional risk
factors and create a vicious cycle that exacerbates hypertension, vasomotion, and vascular remodeling, leading to
increased peripheral resistance, arterial stiffness, endothelial dysfunction, and atherosclerosis [4,9]. As an example,
the very close relationship between oxidative stress and
inflammation determines the risk of progressive atherosclerotic CVD in CKD and dialysis patients. In this context,
the endothelial damage caused by free radicals creates a
positive feedback loop to induce further formation of those
species. During endothelial lipid peroxidation, the release
of a cytotoxic end product (malondialdehyde) is pivotal to
the onset of atherosclerosis and in the endothelium-dependent vasodilation and nitric oxide (NO) pathway [10].
Further, the endothelium itself plays an important role in
the vasomotion of smooth muscle cells involving a complex signaling, which includes calcium oscillation, potassium efflux, NO, and cyclic guanosine monophosphate in
order to induce vasoconstriction and peripheral resistance
[11]. Variations in the perfusion pressure in the kidneys are
detected by intrarenal baroreceptors, which modulate the
renin-angiotensin-aldosterone system (RAAS). There is
evidence that injured kidneys have aberrant sympathetic
nerve activity which overrides the negative feedback loop
on efferent renal sympathetic nerve activity thereby resulting in chronically increased systemic blood pressure [12].
In addition, hypertension causes tubulointerstitial fibrosis,
which is associated with reduced secretory solute clearance, while reduced estimated glomerular filtration rate
(eGFR) is linked to greater left ventricular wall thickness
that predisposes patients to CVD [13].
Although an association between hypertension and
inflammation is established, it is still unclear whether inflammation is predominately a cause or an effect of hypertension. Hypertensive patients are reported to have high
plasma C-reactive protein (CRP) concentrations, and elevated plasma CRP concentrations in prehypertensive subjects are associated with a greater risk of developing overt
hypertension [14]. Systemic low-grade inflammation, as assessed by CRP and other inflammatory markers such as tumor necrosis factor (TNF)-α and interleukin (IL)-1β, is also
able to upregulate the angiotensin type 1 receptor (AT1R),
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the angiotensin II (Ang II) receptor mainly involved in the
production of oxidative stress species and in augmenting
AngII signaling [15].
All the molecular mechanisms that link oxidative stress,
inflammation, and hypertension have also been shown to
be involved in the pathogenesis of atherosclerosis and subsequent renal remodeling.

Atherosclerotic injury
The early stages of atherosclerosis are thought to begin
with endothelial injury and inflammatory processes where
cytokines and adhesion molecules are recruited not only
as components of the acute phase response but also of a
more chronic response that further stimulates innate and
adaptive immune responses [16]. The very early stages of
atherosclerosis entail accumulation of low-density lipoproteins (LDLs) within the arterial walls of vessels prone
to oxidation or modification that are particularly prevalent
in subjects with CKD. The oxidation of LDL (oxLDL) itself
is a crucial event in the atherogenesis that is particularly
evident in patients with ESRD and undergoing dialysis [17].
In addition, during atherosclerotic injury, the endothelium modifies its functionality by increasing the expression
of cell adhesion molecules, such as selectin, intercellular
adhesion molecule 1 (ICAM-1), and the vascular cell adhesion molecule 1 (VCAM-1), which allows subsequent
monocytes rolling and infiltration [16]. Through the action
of specific proteins such as monocyte chemoattractant
protein-1 (MCP1), IL-8, and fractalkine, monocytes can
migrate through the endothelium and into the intima,
where they differentiate into macrophages that take up oxLDL (Fig. 1). This ineffective clearance of cholesterol-rich
lipids within the arterial wall leads to accumulation of
macrophage-oxLDL complexes and the ensuing formation
of proinflammatory foam cells. Excessive numbers of foam
cells are present in CKD patients, whose macrophages also
display activated nuclear factor kappa B (NF-κB) and reduced expression of the ATP-binding cassette transporter
A1, which is responsible for energy-dependent efflux of
cholesterol [18]. The NF-κB transcription factor mediates
multiple aspects of innate and adaptive immune function
and plays a crucial role in CVD by inducing the transcription of proinflammatory genes, by causing glomerular injury and by activating acute stress responses.
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Monocytes

Macrophages

oxLDL
Foam cells

Figure 1. The atherosclerotic injury process. (A) A representative image of an atherosclerotic artery. (B) High-magnification image of
the initial stages of the atherosclerotic process. Monocytes infiltrate through the endothelium following increased expression of the adhesion molecules vascular cell adhesion molecule-1 and intercellular adhesion molecule-1. In parallel, intracellular signaling promoted
by hormonal stimuli such as AngII triggers increased oxidative stress, vasoconstriction, and profibrotic responses. Image modified from
smart.servier.com.
AngII, angiotensin II; AT1R, angiotensin receptor type 1; RhoA/ROCK, RhoA-Rho kinase; ERK 1/2, extracellular-signal-regulated kinase
1/2; ICAM-1, intercellular adhesion molecule 1; MEF2, myocyte-enhancer factor 2; MLCP, myosin light chain phosphatase; MYPT-1,
myosin phosphatase target protein 1; NF-κB, nuclear factor kappa B; NO, nitric oxide; ONOO–, peroxynitrite; oxLDL, oxidation of low-density lipoprotein; VCAM-1, vascular cell adhesion molecule 1.

The presence of oxLDL can also lead to recruitment of
toll-like receptors, which aggravate plaque inflammation.
In the phase of atherosclerotic injury, macrophages are
also recruited through specific signals transduced by the
release of granules containing α-defensins, cathepsin G,
and azurocidin from neutrophils [19]. Those proteins are
an additional signal to activate macrophages and to initiate foam cell differentiation. Once formed, foam cells
lose their motility and become trapped within the atherosclerotic plaque. The intracellular mechanisms that
reduce migration capacity of macrophages may be related
to the RhoA/Rho kinase (ROCK) pathway, which is also a
key signaling pathway in the progression of cardiovascular remodeling. In addition, RhoA signaling regulates the
stabilization of vessels during vascular development and
cardiac development during embryogenesis, and modulates vascular smooth muscle cell (VSMC) contractility [20].
Cholesterol-laden macrophages appear to display reduced
RhoA function, with consequently reduced ROCK activity
that lowers myosin light chain phosphorylation and impairs motility of foam cells, thus promoting atherosclerotic
plaque formation [21]. Conversely, inhibiting RhoA/ROCK

activity regresses atherosclerotic plaques, although the
mechanism of this effect is not clearly understood.
In addition, other cells are involved in the formation of
atherosclerotic plaques, including T lymphocytes (subtypes
Th1 and Th2) that release proinflammatory cytokines and
are associated with progression of atherosclerosis for their
role in the polarization of macrophages [22].

Vascular injury
The progression and development of atherosclerosis are
determined by the degree of endothelial damage, which
is in turn influenced by the detrimental action of reactive oxygen species (ROS) when they are not effectively
scavenged by antioxidant defenses. The redox imbalance
that induces oxidative stress (excess ROS and/or reduced
antioxidant defensive capacity) contributes to the inflammatory state and vascular remodeling [4]. One of the most
common events in kidney failure is the accumulation of
uremic toxins, such as advanced glycation end products
(AGEs), asymmetric dimethylarginine (ADMA), indoxyl
sulfate, p-cresyl sulfate, and trimethylamine N-oxide [1].
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The presence of these substances influences the synthesis
or degradation of other substances produced by physiological processes worsening the already precarious state
of the vasculature in CKD. For example, the accumulation
of AGEs that bind to collagen and elastin induces arterial
and myocardial stiffening [23]. Given that collagen and
elastin are the main components of vascular walls, vascular strength and elasticity are influenced by their oxidative
state and susceptibility to cross-linking. As such, AGElinked collagen is resistant to hydrolytic turnover that
reduces the strength and elasticity of vascular walls. In
addition, the activation of receptors for AGE in endothelial
cells, macrophages and lymphocytes reduces vasodilation,
vascular permeability, mononuclear cell migration and
platelet adhesion, and uptake of macrophages induced by
LDL cross-linking.
Another factor also associated with vascular aging is the
α-klotho enzyme that favors increment of serum phosphorus, reduced expression of which is linked to increased
oxidative stress and decreased NO availability that together exacerbate endothelial dysfunction and, contribute to
cardiovascular risk. In a study of 77 Chinese adult CKD
patients, α-klotho expression decreased over time concurrently with reductions of kidney function, while ADMA
levels increased steadily [24]. A reduction in α-klotho favors the progression of vascular calcification (in particular
of arterial walls) following calcification of atherosclerotic
plaques due to hyperphosphatemia. Evidence for the role
of α-klotho in vascular remodeling comes from a defective
α-klotho mutant animal models that showed extensive
calcification in the medial layer of the aorta, medium-sized
arteries, and small arteries [25]. The α-klotho protein functions as a co-receptor or scaffold protein for the fibroblast
growth factor (FGF) receptor (FGFR). Binding of FGF23
produced in bone to the renal FGFR regulates phosphate
reabsorption and calcitriol production in the kidney; therefore impaired FGF23 activity due to reduced α-klotho expression leads to dysregulation of phosphate and vitamin D
homeostasis thereby contributing to vascular calcification
[26]. Phosphatemia is also associated with increased ROS
and free radicals, which can inhibit endothelial NO synthase
(NOS) activity to reduce NO productionand and increase
peroxynitrite (ONOO–) generation [27]. Inhibition of NOS by
endogenous ADMA may further contribute to endothelial
dysfunction and vascular remodeling (Fig. 1). The interac-
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tions between ROS and other proteins are responsible for
altered intracellular signaling resulting in impairment of
contractility and elasticity of vessels.
Tubules of damaged kidneys display only residual activity of transport systems resulting in the concentration of
toxins [28].
A critical event in renal remodeling and fibrosis is the loss
of polarity of renal tubule endothelial cells and the subsequent transition to a mesenchymal phenotype, termed the
epithelial-to-mesenchymal transition (EMT) [29]. During
this process, epithelial cells lose epithelial markers such
as E-cadherin (one of the main components of adherent
junctions) in favor of mesenchymal markers such as alpha-smooth muscle actin (α-SMA). This transition leads to
progressive loss of cell junctions and migration of mutant
cells towards the interstitial space, which, after complete
transition, become myofibroblasts synthesizing α-SMA and
matrix proteins and collagen that contribute to tubulointerstitial fibrosis [29].

Renal remodeling
The international guidelines of the Kidney Disease Improving Global Outcomes (KDIGO) group identify CKD
as the presence of a glomerular filtration rate (GFR) < 60
mL/min/1.73 m2 for at least 3 months [30]. The KDIGO
guidelines also recognize a prognostic role for albuminuria associated with CVD independently of eGFR [31–33].
The reduction of the filtration rate implies that several
uremic toxins are not fully excreted by the kidneys. Those
substances can be categorized based on their molecular
weight and are all associated with the progression of CKD
and increased risk of CVD. Among them, the smallest (<500
Da), such as urea, uric acid, and ADMA, are particularly
associated with inflammation; those of medium sizes (>500
Da), such as β-2 microglobulin and endothelin, have a role
in increased blood pressure, oxidative stress, inflammation, endothelial dysfunction, and arterial stiffness, The
the largest are solutes, such as indoxyl sulfate and AGEs
and other solutes of intestinal origin, bound to plasma
proteins (chiefly albumin) that are associated with the
onset of cardiovascular events [34,35]. In ESRD patients
undergoing renal replacement therapy (hemodialysis or
hemofiltration procedures), the efficiency of uremic toxin removal depends on the type of filtration membranes
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used, which will be discussed further below. However, in
addition to involvement in the progression of kidney disease, the endothelium is subjected to inflammation and
oxidative-stress-mediated damage that affect endothelial
function and the generated inflammation and oxidative
stress signaling spread to the surrounding structures amplifying the damage. The cross-talk between endothelial
cells of the innermost side of the vessel wall and VSMCs
mediates acute and chronic changes in tissue perfusion
resulting from vasodilation or vasoconstriction, activation
of platelet aggregation or its inhibition, and other effects.
[36]. The mediators involved are mainly cytokines and
growth factors that regulate changes in the proliferative
and migratory status of VSMCs, endothelial function, and
extracellular matrix composition. Specifically, NO, endothelin-1, FGF, and transforming growth factor beta (TGF-β)
act on endothelial cells, while VSMCs are stimulated also
by hormones such as AngII and epinephrine and by IL-1
and interferon-gamma. In CKD, increased circulating ROS,
cytokines and the concomitantly reduced bioavailability of
NO (diverted to production of peroxynitrite in the presence
of ROS) promote dysfunctional VSMCs to migrate toward
the intima to cause intimal hyperplasia and deposition of
abnormal extracellular matrix and hyaline material, vascular calcification with stiffening of arteries and high pulse
pressure [37,38]. Calcification of central vessels contributes
to increased pulse wave velocity, earlier reflection of the
pulse wave, and increased cardiac afterload, all of which
contribute to heart failure.
Patients with CKD seem also to exhibit much greater
susceptibility to the adverse renal effects of even moderate
hypertension. Any increase in blood pressure within the
intrarenal vasculature is of sufficient magnitude to result
in barotrauma of the local vasculature. Chronic uncontrolled blood pressure leads to progressive hypertensive
tubulointerstitial and glomerular nephropathy, in which
the major outcome of hypertension-induced renal damage
is hyperfiltration and hypertrophy of nephrons [39]. The
initial damage to small vessels, where VSMCs are replaced
by hyaline material, results in more expansible arteries and
hemodynamic changes in the aorta. This damage later extends to the glomeruli with partial ischemia, reduced filtration, and increased oxidative stress and inflammation that
further induce podocyte loss, tubule-interstitial fibrosis,
and EMT [39].

Arterial remodeling and stiffness progress rapidly in CKD
and hemodialysis patients, causing not only chronically
elevated blood pressure but also increased blood pressure
variability [4]. There is some debate as to the role of blood
pressure variability in the progression of renal dysfunction;
however, there is evidence that patients with CKD have a
greater prevalence of sleep disorders, such as obstructive
sleep apnea and restless leg syndrome, that are associated
with increased blood pressure variability in CKD patients,
progression of CKD, and enhanced mortality in ESRD patients [40].

Left ventricular hypertrophy and cardiac fibrosis
Cardiovascular complications are commonly fatal in patients with CKD. The main manifestation of CVD is heart
failure with preserved ejection fraction, characterized by
left ventricular hypertrophy (LVH) and diastolic dysfunction [41]. In the progression of kidney injury, LVH might
also influence the development of heart failure with reduced ejection fractions, arrhythmias, ischemic heart disease, and sudden cardiac death. The function and regulation of the kidneys and heart are strongly intertwined such
that dysfunction in one organ may induce dysfunction in
the other (Fig. 2).
There are common patterns detectable in the vasculature, glomerulus, and myocardium due to the presence of
various metabolically active cell types that control the activity of peripheral structures and are susceptible to oxidative stress. For example, endothelial cells regulate vascular
tone through the signaling of AngII, calcium, NO, RhoA/
ROCK pathway, mitogen-activated protein kinases, TGF-β,
and other pathways. Upon specific stimuli, VSMCs can
alter their phenotype, developing characteristics reminiscent of osteoblasts, fibroblasts, and even macrophage-like
cells with phagocytic properties [42]. Cardiomyocytes are
force-producing and pacemaker cells. Therefore, cell-tocell connections are crucial in the development of fibrosis
and arrhythmogenesis, in fact, remodeling of atrial myocytes structure and electrical activity contribute greatly to
its pathogenesis [43].
One of the major contributors to renal and cardiovascular fibrosis is the RAAS through the action of its major
hormonal effector AngII. Further, overactivation of oxidative stress in CKD and AT1R-mediated ROS are respon-
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Fibrosis

LVH
Oxidative stress

Atrial fibrillation
Inflammation
Plaque formation
Endothelial dysfunction
Hypertension
Calcification
Oxidative stress

Kidney damage

EMT
Cellular migration

Figure 2. The feedback loop between kidney dysfunction, vascular injury, and heart disease. All of the pathways involved in the progression of kidney dysfunction (e.g., reduced filtration rate and cellular migration), vascular injury (represented by the curved lines between the kidneys and the heart; e.g., endothelial dysfunction, inflammation, and plaque formation), and of heart disease (represented
by the typical waves at electrocardiogram tracing; e.g., atrial fibrillation and fibrosis) are intertwined in the development of cardiovascular disease and during renal remodeling in CKD. Among these, the most common trigger factor is oxidative stress.
EMT, epithelial-to-mesenchymal transition; LVH, left ventricular hypertrophy.

sible for the induction of the RhoA/ROCK pathway that
drives, vasocontraction and profibrotic responses [20].
The downstream effector of ROCK, the myosin phosphatase target protein 1 (MYPT)-1, is the regulatory subunit
of myosin light chain phosphatase. Inhibition of MYPT1 phosphorylation mediated by ROCK increases myosin
light-chain kinase activity with ensuing contraction of the
VSMCs. Moreover, ROCK induces activation of additional
genes involved in inflammation and proliferation (such as
extracellular-signal-regulated kinases [ERK] 1/2) and in cytoskeletal rearrangement (through its targets ezrin, radixin,
and moesin) [20]. We found that patients with stage 3 to 4
CKD displaying LVH have remarkably increased phosphorylation of MYPT-1 compared to stage 3 to 4 CKD patients
without LVH. In addition, in patients with LVH, MYPT-1
phosphorylation correlated positively with left ventricular
mass [44]. Blocking ROCK activity with the Rho-kinase inhibitor fasudil reduces activity in the downstream MYPT-1
pathway in a dose-dependent manner, similar to experimental animal models of AngII-induced hypertension
where ROCK inhibition prevented AngII-induced LVH
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and myocardial fibrosis [44–46]. Upstream inhibition of
ROCK using angiotensin receptor blockers reduces both
p63rhoGEF (activator of RhoA) and MYPT-1 phosphorylation, providing further evidence for a pivotal role of ROCK
as a switch in the progression of cardiovascular and renal
remodeling [47]. As kidney injury progresses, cardiac remodeling progresses in parallel so that in patients undergoing hemodialysis treatment LVH is particularly evident.
In CKD patients, LVH is correlated with markers of oxidative stress including p22phox, the subunit of nicotinamide
adenine dinucleotide phosphate oxidase (NOX) essential
for electron transport from heme moieties to molecular
oxygen to produce superoxide, and with oxLDL [44,48]. Patients who undergo peritoneal dialysis are also subjected to
progressive oxidative stress, which can become very critical
to address in order to control the progression of CVD in
these patients.
In studies of patients undergoing chronic dialysis, an
interesting link between ROCK activity and cardiac electrical disturbances, as assessed by the relationship between
MYPT-1 phosphorylation and connexin 40 (Cx40) expres-
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sion, has been reported [44,49]. As an integral membrane
protein of heart cell gap junctions, Cx40 is fundamental for
rapid cell-cell transfer of action potentials, and increased
expression of Cx40 enhances the vulnerability of the atrial
myocardium to atrial fibrillation [50]. We reported that patients undergoing dialysis with permanent atrial fibrillation
display increased Cx40 expression compared to dialysis patients without atrial fibrillation as well as increased MYPT1 phosphorylation. This latter in atrial fibrillation patients
also correlated with Cx40, with left atrial systolic volume,
and with cardiac mass [49].
In addition, ROCK activation mediates Ca2+ sensitization
that in turn regulates myocyte-enhancer factor 2-dependent
expression of myocardin, which is a specific transcriptional
coactivator of the serum response factor (SRF) for cardiac
and smooth muscle [51]. Fibroblast differentiation into myofibroblasts is also influenced by ROCK-induced alterations
in the gene expression profile of myofibroblasts and disruption of stress fiber formation and induction of myocardin-related transcription factor (MRTF) [52]. The MRTF acts
in a similar manner to myocardin as a coactivator of SRF to
regulate actin polymerization and the expression of α-SMA
and extracellular matrix proteins, including fibronectin and
collagen [20]. Taken together these mechanisms provide
evidence for the critical role of ROCK in endothelial perme-

ability, cytoskeletal rearrangement, and fibrosis.
All of the molecular mechanisms and the inter/intracellular signaling that promote fibrosis in patients with CKD
also involve collagen deposition and maladaptive ventricular hypertrophy with cardiac dilation. In addition, arterial
stiffness, increased systemic resistance, and systolic hypertension initially cause concentric LVH that later becomes
eccentric hypertrophy, with subsequent left ventricular
dilation and reduced ejection fraction due to continuous
left ventricular overload. Preload-related factors also contribute to LVH and comprise the expansion of intravascular
volume resulting in volume overload, extension of myocardial cell length, and eccentric or asymmetrical remodeling
of the left ventricle [9].
In summary, several processes arising from excessive
oxidative stress (ROS, free radical formation, reduced antioxidant defenses) and inflammation are simultaneously
activated in the kidney, vasculature and heart in CKD, and
act in a feedback loop to produce detrimental effects on the
progression of CVD (Table 1).

Therapeutic strategies for chronic kidney disease
aimed at reducing oxidative stress
Due to the complex molecular and vascular mechanisms

Table 1. Processes activated during progressive chronic kidney disease with their respective main pathways and mediators involved
Processes
Inflammation, oxidative stress, endothelial
dysfunction

Atherosclerosis

Vascular injury

Renal remodeling

Left ventricular hypertrophy

Pathways
Inflammation signaling

Cytokines

Principal mediators

Oxidative stress signaling
Rho kinase pathway
Inflammation
Cellular migration
Plaque formation
Endothelial damage
EMT
Calcification
Reduced filtration rate
Vessels remodeling
Hypertension
Fibrosis
Atrial fibrillation

Rho kinase
ROS, MDA, reduced NO
Cytokines, T lymphocytes
Macrophages, MCP1, interleukin 8
oxLDL, TLR, foam cells
Uremic toxins, ROS, TGF-β
Endothelial cells, matrix proteins, collagen
FGF23, hyperphosphatemia
Uremic toxins
Endothelial cells, VSMCs, endothelin 1, TGF-β, AngII, ROS
RAAS, EMT, calcium, NO
RhoA/ROCK, ERK 1/2, p22phox, oxLDL, MRTF, α-SMA, ROS, TGF-β
ROCK, Cx40

AngII, angiotensin II; Cx40, connexin 40; EMT, epithelial-to-mesenchymal transition; ERK, extracellular-signal-regulated kinase; FGF23, fibroblast growth
factor 23; MCP1, monocyte chemoattractant protein-1; MDA, malondialdehyde; MRTF, myocardin-related transcription factor; NO, nitric oxide; oxLDL,
oxidation of low-density lipoprotein; RAAS, renin-angiotensin-aldosterone system; ROCK, Rho kinase; ROS, reactive oxygen species; TGF-β, transforming
growth factor beta; TLR, toll-like receptor; VSMC, vascular smooth muscle cell; α-SMA, alpha-smooth muscle actin.
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underlying CKD, early recognition and intervention are
crucial to control disease progression and to reduce morbidity and mortality in patients. Oxidative stress is one of
the most important factors contributing to the development and progression of kidney disease, hypertension, and
CVD, hence targeting oxidative stress might be a useful
therapeutic strategy in CKD and dialysis patients.
Oxidative stress in arterial hypertension
Hypertension is closely linked with renal disease, with a
prevalence that ranges from 60% to 90%, depending on
the CKD stage [53]. Mechanisms such as volume overload,
sympathetic overactivity, endothelial dysfunction, salt retention, hormonal alterations and increased activity of the
RAAS act jointly to induce arterial hypertension; in addition, increased oxidative stress significantly and negatively
influence all of these. Angiotensin-converting enzyme
inhibitors (ACEi) and AngII receptor blockers (ARBs) are
the first-line treatment for primary hypertension in CKD
and their beneficial effects rely not only on hemodynamic/
antihypertensive effects but also on anti-inflammatory/
antioxidant and antifibrotic properties [54]. In this regard,
we documented the efficacy of olmesartan medoxomil
(ARB) treatment in hypertensive patients in the reduction
of oxidative stress (as assessed by reduced p22phox, ERK 1/2,
p63RhoGEF, and MYPT-1 phosphorylation and induction
of antioxidant defenses such as heme-oxygenase 1 [HO-1]),
calcitonin-gene-related peptide, and increased circulating
endothelial progenitor cells [47].
Oxidative stress in posttransplant hypertension and electrolyte imbalances
Regulation of blood pressure is also particularly crucial
for kidney transplant recipients, since hypertension is a
common occurrence during treatment with calcineurin
inhibitors that increase sodium retention through the
increased activity of thiazide-sensitive sodium chloride
cotransporter (NCC). Calcineurin blocking prevents the
inhibitory effects of calcineurin on ‘with-no-lysine’ kinases
(WNK), glucocorticoid-regulated kinase 1, STE20/SPS1-related proline alanine-rich kinases (SPAK), and oxidative
stress-responsive protein type 1 kinase (OSR1) that are
instead a switch for NCC activation [55]. Notably, it has
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been reported that AngII has a direct effect on sodium retention through NCC activation, further demonstrating its
involvement in the induction of hypertension associated
with oxidative stress [56]. If first-line antihypertensive therapy with ACEi or ARBs is not sufficient, additional therapy
with diuretics, β-blockers, and calcium channel blockers
can be considered [57]. Of note, in the recent update of the
KDIGO guidelines for the management of blood pressure
in CKD patients not receiving dialysis, particular attention
has been paid to lifestyle interventions, including dietary
salt restriction, physical activity, weight loss, and reduction
of alcohol consumption [30].
Along with hypertension, patients with CKD and ESRD
are also prone to develop metabolic disorders, especially
acid-base and electrolyte imbalances [58]. Two common
adverse occurrences in CKD and ESRD are hyperkalemia
and hyperphosphatemia. Recurring symptoms and signs of
hyperkalemia span from muscle weakness to paresthesia,
paralysis, cardiac arrhythmias, and cardiac arrest [59]. The
most common first-line treatment for hyperkalemia includes cellular membrane stabilization by administration
of intravenous salts, and second-line treatment includes
shifting potassium from the extracellular to the intracellular compartment through the administration of insulin and
β-adrenergic agonists [60]. However, to clear excess potassium adequately, potassium-binding agents, dialysis, and
loop diuretics are the most effective methods [60].
Another complication arising in CKD and involved in
the onset and progression of CVD is hyperphosphatemia
(mediated by parathyroid hormone and vitamin D), which
is closely linked to bone mineral metabolism and vascular
calcification as already described [58]. Management of hyperphosphatemia requires reduction of dietary phosphate
intake (<1,000 mg/ day) and the use of phosphate binders,
which are classified into calcium- and non-calcium-based
binders. However, treatment of CKD with the associated
mineral bone disorder is demanding, because of the importance of managing several aspects not only related with
supplementation of vitamin D but also with potential secondary hyperparathyroidism [61].
Oxidative stress in dialysis
Other targets of intervention should be taken into account
especially in stage 3 to 4 CKD and dialysis patients to re-
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duce the progression of CVD. These targets should include
the oxidative stress and inflammation that are well-known
features of CKD and kidney failure both with and without
replacement therapy [4].
The progressive decline in kidney function (GFR of <15
mL/min/1.73 m2) associated with uremic patients entails
accumulation of uremic toxic compounds in the bloodstream and ESRD patients require renal replacement
therapy, which is primarily hemodialysis or hemofiltration
[62]. These methods require a dialytic filter and a dialysis
solution that act to clear toxic molecules from blood and
provide concurrent intake of essential solutes. Unfortunately, dialytic procedures cause physical and chemical
stress to the vasculature and blood cells: after leaving the
vessels to pass toward the membrane in the dialysis circuit,
blood loses the protective effect of the endothelium, and
both contact with the synthetic surfaces and the change
of flow path geometry induce activation of leukocytes and
oxidative stress through the release of O2−• and H2O2 [63].
Several types of membranes are available for extracorporeal dialysis, including functionalized membranes with the
aim to improve biocompatibility and vascular protection.
Dialyzers coated with vitamin E have been shown to provide antioxidant protection to circulating blood cells and
lipoproteins [64]. Confirmation of this finding comes from
studies in our cohort of patients with kidney failure undergoing dialysis with a vitamin E-coated dialyzer, where we
observed a significant reduction of biomarkers related to
oxidative stress and inflammation [65]. In particular, p22phox
was significantly reduced after 6 months of treatment and
declined further after 12 months, along with LDL, plasminogen activator inhibitor-1 (PAI-1), and phosphorylation of
ERK 1/2; in contrast, the antioxidant HO-1 was increased
[65]. In order to reduce oxidative stress in dialysis patients,
a different approach might include supplementation with
an oral antioxidant. In this regard, previous studies from
our group showed that additional antioxidant supplementation with green tea in patients undergoing bicarbonate
dialysis significantly reduced the oxidative imbalance and
related cell signaling activity [48]. In particular, green tea
led to a reduction in p22phox protein expression and ERK
1/2 phosphorylation after 6 months of treatment and also
induced an HO-1 expression together with a reduction in
left ventricular mass. In addition, in that study, we found
that additional treatment reduced left ventricular mass in

patients with LVH and that the reduction was positively
correlated with reduction of oxLDL [48].
Hemodiafiltration with online regeneration of ultrafiltrate (HFR) for renal replacement is also effective in
reducing oxidative stress. The HFR procedure consists of
a double-chambered hemodialysis filter that allows the
reinfusion of the ultrafiltrate regenerated through a charcoal-resin cartridge that specifically absorbs proinflammatory cytokines such as IL-6, TNF-α, and CRP. We found that
in patients undergoing HFR, compared to patients undergoing standard bicarbonate dialysis, levels of the oxidative
stress-related proteins p22phox, PAI-1, and oxLDL were all
reduced. In addition, HFR promotes activation of antioxidant defenses such as HO-1 [66].
While in hemodialysis the dialytic filter consists of a synthetic membrane, in peritoneal dialysis the peritoneum
itself serves as a natural semipermeable membrane.
Nonetheless, peritoneal dialysis likewise induces increased oxidative stress, as demonstrated by increased
AGEs and other prooxidant glucose by-products [67]. In
a recent study, we found significantly increased levels of
p22phox, ROCK activity (MYPT-1 phosphorylation), and ferritin after 6 months of peritoneal dialysis procedure [68].
These finding call attention to the need for more biocompatible dialysis solutions with different glucose polymers
to prevent and/or treat oxidative stress and inflammation.
Very preliminary data (not shown) from our laboratory
seems to indicate icodextrin reduces oxidative stress in patients undergoing peritoneal dialysis, providing a rationale
to follow this path.

Conclusions
The term cardiovascular-renal remodeling describes the
complex relationship between the kidney and heart in
CKD. It is clear that there is significant interplay between
the processes involved in the progression of kidney injury
and of CVD that acts to worsen the prognosis of patients.
Among these factors, oxidative stress (in terms of excessive
ROS, reduced antioxidant defenses, and inflammation) is
omnipresent. The few prospective trials and retrospective
analyses published to date have provided no conclusive
data regarding their treatment, although there is plenty of
evidence that these mechanisms are accountable for the
onset and progression of CVD in CKD. These pathways
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should be regarded as important therapeutic targets for the
treatment of CKD.
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Background: Diabetic nephropathy (DN) accounts for approximately half of all cases of chronic kidney disease (CKD) and end-stage
kidney disease worldwide. The Renal Pathology Society (RPS) classification has been used to predict the renal prognosis in DN. In
2018, the Japanese Renal Pathology Society (JRPS) proposed a comprehensive classification system that included pathological
changes in the kidney. The clinical significance of the JRPS classification system was comparatively evaluated in the present study.
Methods: A total of 93 cases diagnosed with DN from 2009 to 2019 were enrolled. JRPS scores (J-scores) were calculated by scoring
the pathological factors in the JRPS classification system and comparing them with clinical parameters.
Results: Most pathological factors constituting the J-score were significantly correlated with clinical factors. Laminated nodules were
inversely correlated with estimated glomerular filtration rate. After adjusting for age, sex, body mass index, hemoglobin A1c, diabetes
duration, and hypertension, CKD stage was significantly correlated with JRPS grade, nodular lesions, and exudative lesions in the multivariate logistic regression analysis. However, receiver operating characteristic curve analysis revealed that the J-score (area under
the curve [AUC] = 0.639) had lower clinical significance than the traditional RPS classification system (AUC = 0.675).
Conclusion: The JRPS classification can more comprehensively reflect renal changes than the RPS classification and is correlated
with renal survival. When creating a new pathological classification, arteriolar hyalinosis should not be included, whereas laminated
nodules should be included.
Keywords: Diabetes mellitus, Diabetic nephropathies, Kidney, Pathology, Classification, Survival

Introduction
Diabetic nephropathy (DN), also known as diabetic kidney
disease, is one of the main causes of chronic kidney disease
(CKD) and end-stage kidney disease worldwide [1]. As the

prevalence of diabetes increases, that of DN is also expected to increase [2]. Because the pathogenesis and progression of DN are associated with various factors, predicting
the progression and prognosis of DN is challenging and
has not been completely studied [3].
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Albuminuria, serum creatinine, and estimated glomerular filtration rate (eGFR) are widely used as clinical indicators for predicting DN progression [4]. However, further
studies are necessary to develop more comprehensive and
better predictors of progression. Previous studies have
investigated clinical features, novel biomarkers, and pathological changes to predict renal outcomes in DN.
The Renal Pathology Society (RPS) classification was first
introduced by Tervaert et al. [5] in 2010 and has been used
to predict the renal prognosis in DN. However, it mainly
evaluates glomerular changes in the kidney, and many
studies have suggested that tubulointerstitial changes also
play a role in DN progression [6–8].
In 2018, the Japanese Renal Pathology Society (JRPS)
proposed the JRPS score (J-score), which is a comprehensive DN classification system [9]. The J-score includes various pathological findings, including glomerular, tubulointerstitial, and vascular lesions. However, only a few studies
have been conducted on the clinical usefulness of the JRPS
classification.
We evaluated the clinical significance of the JRPS classification system and investigated whether the pathological
findings observed in DN were associated with DN progression.

Pathological factors
Pathological factors included in the RPS classification are
glomerular basement membrane (GBM) thickening, mesangial expansion, nodular sclerosis, and global sclerosis.
Here, the total score was calculated based on tubulointerstitial and vascular lesions, including interstitial fibrosis
and tubular atrophy (IFTA), inflammatory interstitial infiltrates, arteriolar hyalinosis (AH), presence of large vessels, and arteriosclerosis. In the JRPS classification, diffuse
lesions, nodular lesions, subendothelial space widening
(GBM doubling), mesangiolysis, exudative lesions, polar
vasculosis, global/segmental glomerulosclerosis, glomerulomegaly, IFTA, interstitial inflammation, AH, and intimal
thickening are also included (Fig. 1). The J-score was calculated using the method described by Hoshino et al. [9].
Based on the J-score, the patients in the study were divided
into four groups (JRPS grade 1, J-score of 0–5; JRPS grade
2, 6–10; JRPS grade 3, 11–15; and JRPS grade 4, 16–19). In
addition to the pathological factors mentioned above, other pathological factors considered significant prognostic
factors in DN (laminated nodules, nodular lesions with
laminated appearance and capillary microaneurysms, and
rupture of the capillary wall due to severe mesangiolysis)
were reviewed (Fig. 2).

Methods
Clinical and laboratory investigations
This study was approved by the Institutional Review Board
of Yonsei University Wonju Severance Christian Hospital
(No. CR320183). The requirement for informed consent
was waived.
Patients
A total of 93 patients who underwent renal biopsy and
were diagnosed with DN between 2009 and 2019 at Wonju
Severance Christian Hospital were enrolled in the study.
Periodic acid-Schiff, Jones methenamine silver, and Masson trichrome-stained slides used for diagnosing DN were
reviewed by two pathologists while simultaneously reviewing other pathological factors. All cases were reclassified
and scored by reviewing slides and pathological reports
according to the RPS and JRPS classification systems.
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Data, including age, sex, body mass index (BMI), hemoglobin, serum albumin, total cholesterol, creatinine, eGFR,
hemoglobin A1c (HbA1c), total urinary protein, microalbuminuria, urinary red blood cells, hypertension, diabetic
retinopathy status, type of diabetes, duration of diabetes,
and renal replacement therapy (RRT) status, were obtained
from electronic medical records.
Statistical analysis
Descriptive statistical analyses were performed on basic patient information. For each variable, the chi-square test and
independent-sample t test were performed to determine
whether RRT made significant differences in outcomes.
Pearson correlation coefficient analysis was performed to
determine the relationships between RPS glomerular class,
J-score, and JRPS grade and individual pathological factors

Kim, et al. Correlations of J-scores and clinical factors in DN

A
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Figure 1. Microscopic findings of representative pathological prognostic factors of diabetic nephropathy. (A) Diabetic nodules
(indicated by arrows; Masson’s trichrome stain, ×400). (B) Glomerular basement membrane duplication (indicated by arrows; Jones’s
methenamine silver stain, ×600). (C) Exudative lesion (indicated by arrows; periodic acid-Schiff stain [PAS], ×400). (D) Arteriolar hyalinosis (indicated by arrows; PAS, ×400).

and clinical prognostic factors. RPS glomerular classes IIa
and IIb were combined as class II because of the small number of cases. The differences between mean values of the
clinical factors and additional pathological factors observed
in DN were analyzed using t tests. After dividing JRPS grade,
RPS glomerular class, and individual pathological factor
scores into two groups, the relationships between greater
than 50% decrease in eGFR (eGFR 50), RRT, and CKD stage
were analyzed using univariate logistic regression. Factors

that showed significant relationships in the above analyses
were analyzed according to other clinical elements of each
patient and included in the multivariate logistic regression
analysis. Finally, the clinical significances (predicting renal
injury requiring RRT) of the J-score, JRPS grade, and RPS
glomerular class were compared using receiver operating
characteristic (ROC) curve analysis. All statistical analyses
were performed using IBM SPSS for Windows, version 28.0
(IBM Corp., Armonk, NY, USA), and p-values of <0.05 were

www.krcp-ksn.org
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Figure 2. Microscopic findings of a laminated nodule and capillary microaneurysm. (A, B) Laminated nodule (indicated by arrows;
Jones’s methenamine silver stain [JMS], ×400). (C) Capillary microaneurysm (indicated by arrows; JMS, ×400). (D) Capillary microaneurysm (indicated by arrows; periodic acid-Schiff stain, ×400).

considered statistically significant.

Results
Baseline characteristics
The mean age of patients was 51.00 (standard deviation
[SD], ±11.85) years, and there were 25 female patients
(26.9%). Additionally, seven patients (7.5%) had type I
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diabetes, and the mean diabetes duration was 10.33 (SD,
±6.67) years. The number of patients classified as RPS
classes I, II (IIa + IIb), III, and IV were 5, 23, 37, and 28,
respectively; the mean RPS class was 2.95. The number of
patients classified as JRPS grades 1, 2, 3, and 4 were four,
eight, 40, and 41, respectively. The mean JRPS classification grade and J-score were 3.27 (SD, ±0.80) and 13.57 (SD,
±3.74), respectively. The mean baseline eGFR was 42.28
(SD, ±36.42) mL/min/1.73 m2, and 56 patients were treated

Kim, et al. Correlations of J-scores and clinical factors in DN

with RRT. Age and the RPS class were significantly related
to whether RRT was performed (Table 1).
Correlations between pathological factors of the Japanese
Renal Pathology Society classification and clinical factors
Pearson correlation coefficient analysis demonstrated
that the JRPS score, comprising the sum of the scores of all
pathological factors of the JRPS classification, was significantly inversely correlated with eGFR and positively correlated with CKD stage. When comparing each pathological component of the JRPS classification, GBM doubling,
mesangiolysis, exudative lesion, global glomerulosclerosis,
IFTA, and interstitial inflammation were positively correlated with serum creatinine level. Diffuse lesions, nodular lesions, subendothelial space widening, mesangiolysis,

exudative lesions, polar vasculosis, global glomerulosclerosis, IFTA, interstitial inflammation, and intimal thickening
were inversely correlated with eGFR. Additionally, diffuse
lesions were positively correlated with HbA1c levels, subendothelial space widening was inversely correlated with
the 24-hour urine albumin level, and nodular lesions,
exudative lesions, global glomerulosclerosis, IFTA, and interstitial inflammation were positively correlated with CKD
stage (Table 2).
Correlations between other pathological factors and clinical factors
When the differences between other pathological factors
observed in DN and the mean values of clinical factors
were compared using t tests, a statistically significant de-

Table 1. Baseline characteristics of patients (n = 93)
Characteristics
No. of patients
Age (yr)
Sex
Male
Female
Type of diabetes
I
II
Unknown
Diabetes duration (yr)
RPS glomerular class
I
IIa + IIb
III
IV
RPS glomerular class
JRPS classification grade
1
2
3
4
JRPS classification grade
J-score
Baseline eGFR (mL/min/1.73 m2)

RRT+
56
48.29 ± 11.86

RRT–
37
54.97 ± 10.80

43 (76.8)
13 (23.2)

25 (67.6)
12 (32.4)

p-value
0.007*
0.33

0.50
5 (8.9)
46 (82.1)
5 (8.9)
9.94 ± 5.89

2 (5.4)
33 (89.2)
2 (5.4)
10.94 ± 7.77

1 (1.8)
9 (16.1)
27 (48.2)
19 (33.9)
3.14 ± 0.75

4 (10.8)
14 (37.8)
10 (27.0)
9 (24.3)
2.65 ± 0.98

1 (1.8)
2 (3.6)
27 (48.2)
26 (46.4)
3.39 ± 0.65
14.23 ± 2.84
31.61 ± 30.53

3 (8.1)
6 (16.2)
13 (35.1)
15 (40.5)
3.08 ± 0.95
12.57 ± 4.66
58.42 ± 39.00

0.51
0.01*

0.01*
0.06

0.09
0.06
<0.001*

Data are expressed as number only, mean ± standard deviation, or number (%).
JRPS classification grade: 1, J-score of 0–5; 2, J-score of 6–10; 3, J-score of 11–15; 4, J-score of 16–19.
JRPS, Japanese Renal Pathology Society; J-score, JRPS score; RPS, Renal Pathology Society; RRT+, received renal replacement therapy; RRT, did not receive renal replacement therapy.
*p < 0.05.
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Table 2. Correlations between JRPS classification and clinical factors (Pearson linear correlation)
Parameter
JPRS score (1–19)
Diffuse lesion (0–3)
Nodular lesion (0, 1)
GBM doubling (0–3)
Mesangiolysis (0, 1)
Exudative lesion (0, 1)
Polar vasculosis (0, 1)
Global glomerulosclerosis (%)
Glomerulomegaly (0, 1)
IFTA (0–3)
Interstitial inflammation (0–3)
Arteriolar hyalinosis (0–3)
Intimal thickening (0–2)

Creatinine
–0.090
0.153
0.203
0.207*
0.219*
0.284**
0.078
0.314**
–0.136
0.494***
0.355***
0.053
0.171

eGFR
–0.472***
–0.243*
–0.298**
–0.301**
–0.273**
–0.385***
–0.247*
–0.393***
0.091
–0.587***
–0.508***
–0.093
–0.225*

Pearson correlation coefficient (r)
HbA1c
24-hr TP
0.067
–0.057
0.276*
0.132
0.16
0.074
–0.161
–0.164
0.028
–0.035
0.003
0.103
0.026
–0.054
–0.130
0.056
0.002
0.08
–0.187
0.002
–0.151
0.130
0.169
0.024
–0.152
–0.116

24-hr Malb
–0.134
–0.201
0.039
–0.212*
–0.085
0.056
–0.098
0.043
0.074
–0.090
–0.050
–0.019
–0.166

CKD stage
0.284**
0.115
0.210*
0.190
0.089
0.402***
0.109
0.425***
–0.137
0.432***
0.424***
–0.056
0.070

CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; GBM, glomerular basement membrane; HbA1c, hemoglobin A1c; IFTA, interstitial
fibrosis and tubular atrophy; JRPS, Japanese Renal Pathology Society; J-score, JRPS score; Malb, urine microalbumin; TP, urine total protein.

*p < 0.05, **p < 0.01, ***p < 0.001.

Table 3. Associations between other pathological factors in diabetic nephropathy and mean values of clinical factors (t test)
Parameter
Microaneurysm
–
+
Laminated nodule
–
+

Creatinine
(mg/dL)

eGFR
(mL/min/1.73m2)

HbA1c (%)

24-hr TP (mg/day)

24-hr Malb (mg/day)

CKD stage

3.46 ± 0.34
2.50 ± 1.09

42.98 ± 37.60
33.67 ± 14.71

8.23 ± 2.65
8.20 ± 1.96

4,266.88 ± 460.11 4,563.75 ± 2,971.81
4,079.73 ± 1,541.99 5,393.23 ± 2,876.17

2.65 ± 0.60
2.57 ± 0.79

3.30 ± 3.08
3.84 ± 2.93

45.64 ± 38.69**
26.10 ± 14.72**

8.21 ± 2.69
8.29 ± 2.16

6,351.27 ± 4,307.26 4,469.40 ± 3,018.43
7,763.85 ± 3,886.59 5,380.74 ± 2,599.26

2.62 ± 0.59
2.75 ± 0.68

CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; HbA1c, hemoglobin A1c; Malb, urine microalbumin; TP, urine total protein; –, absent; +, present.
**p < 0.01.

crease in eGFR was observed when laminated nodules
were present. Microaneurysms were not related to mean
clinical factor values (Table 3).
Correlations between pathological factors and clinical factors
To examine relationships between the pathological prognostic factors in JRPS, RPS classification, and eGFR 50,
univariate logistic regression showed that JRPS grade was
significantly correlated with eGFR reduction (Table 4). Logistic regression analyses between pathological factors of
the JRPS, RPS classification, and RRT demonstrated that
the JRPS grade, RPS glomerular class, nodular lesions, and
exudative lesions were significantly correlated with RRT
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(Table 5). Additionally, significant correlations were observed between CKD stage and JRPS grade, RPS glomerular
class, diffuse lesions, nodular lesions, and exudative lesions
(Table 6). After adjusting for age, sex, BMI, HbA1c, diabetes
duration, and hypertension, CKD stage was found to be
significantly correlated with JRPS grade, nodular lesions,
and exudative lesions by multivariate logistic regression
analysis (Table 7).
Comparisons of clinical significance between Japanese
Renal Pathology Society and Renal Pathology Society classifications
ROC curve analysis revealed that the JRPS grade (area
under the curve [AUC] = 0.617) had slightly lower clinical
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Table 4. Logistic regression analysis of pathological factors for eGFR 50
Parameter
JRPS grade
RPS glomerular class
Diffuse lesion
Nodular lesion
GBM doubling
Mesangiolysis
Exudative lesion
Polar vasculosis
Glomerulomegaly
Arteriolar hyalinosis
Intimal thickness
Microaneurysm
Laminated nodule

Grade or score (n)
Grade 1, 2 (12) vs. 3, 4 (81)
Grade 1, 2 (27) vs. 3, 4 (66)
Score 0–2 (22) vs. 3 (71)
Score 0 (43) vs. 1 (50)
Score 0–2 (85) vs. 3 (8)
Score 0–2 (52) vs. 3 (41)
Score 0 (31) vs. 1 (62)
Score 0 (16) vs. 1 (77)
Score 0 (75) vs. 1 (18)
Score 0–2 (64) vs. 3 (29)
Score 0–1 (41) vs. 2 (52)
Score 0 (86) vs. 1 (7)
Score 0 (77) vs. 1 (16)

Odds ratio (95% CI)
0.14 (0.03–0.68)
0.83 (0.34–2.07)
0.15 (0.02–1.35)
0.79 (0.35–1.79)
1.25 (0.26–6.03)
1.98 (0.86–4.56)
0.82 (0.34–1.97)
0.85 (0.29–2.51)
1.55 (0.55–4.38)
0.43 (0.07–2.76)
1.88 (0.54–6.54)
0.84 (0.18–4.00)
0.86 (0.29–2.56)

p-value
0.02*
0.69
0.09
0.57
0.78
0.11
0.66
0.77
0.41
0.38
0.32
0.83
0.79

CI, confidence interval; eGFR, estimated glomerular filtration rate; eGFR 50, greater than 50% of reduction in eGFR; GBM, glomerular basement membrane; JRPS, Japanese Renal Pathology Society; RPS, Renal Pathology Society.
*p < 0.05.

Table 5. Logistic regression analysis of pathological factors for renal replacement therapy
Parameter
JRPS grade
RPS glomerular class
Diffuse lesion
Nodular lesion
GBM doubling
Mesangiolysis
Exudative lesion
Polar vasculosis
Glomerulomegaly
Arteriolar hyalinosis
Intimal thickness
Microaneurysm
Laminated nodule

Grade or score (n)
Grade 1, 2 (12) vs. 3, 4 (81)
Grade 1, 2 (27) vs. 3, 4 (66)
Score 0–2 (22) vs. 3 (71)
Score 0 (43) vs. 1 (50)
Score 0–2 (85) vs. 3 (8)
Score 0–2 (52) vs. 3 (41)
Score 0 (31) vs. 1 (62)
Score 0 (16) vs. 1 (77)
Score 0 (75) vs. 1 (18)
Score 0–2 (64) vs. 3 (29)
Score 0–1 (41) vs. 2 (52)
Score 0 (86) vs. 1 (7)
Score 0 (77) vs. 1 (16)

Odds ratio (95% CI)
5.68 (1.42–22.68)
4.60 (1.56–13.54)
9.43 (0.91–98.05)
4.77 (1.60–14.24)
1.04 (0.17–6.29)
1.77 (0.62–5.06)
3.08 (1.08–8.74)
1.93 (0.54–6.92)
0.92 (0.25–3.38)
3.80 (0.42–34.08)
0.44 (0.08–2.36)
0.87 (0.18–4.14)
3.43 (0.90–13.00)

p-value
0.01*
0.006**
0.06
0.005**
0.97
0.28
0.04*
0.31
0.90
0.23
0.34
0.86
0.07

CI, confidence interval; GBM, glomerular basement membrane; JRPS, Japanese Renal Pathology Society; RPS, Renal Pathology Society.
*p < 0.05, **p < 0.01.

significance than the traditional RPS classification (AUC
= 0.675). The overall J-score (AUC = 0.639) and J-score excluding AH (AUC = 0.644) had slightly higher clinical significance than the JRPS classification grade (Fig. 3).

Discussion
We comprehensively evaluated clinical prognostic factors
and pathological findings in DN. When the clinical significance of the pathological factors included in the JRPS

classification, which is a relatively recent comprehensive
pathologic classification system, was analyzed, the J-score
proved to be significantly correlated with CKD stage and
eGFR. Most pathological prognostic factors constituting
the JRPS classification were also related to clinical factors.
However, the ROC curve showed that the JRPS classification had lower clinical significance than the traditional RPS
classification. Among the pathological factors included in
the JRPS classification, glomerulomegaly and AH were not
significantly associated with clinical prognostic factors in
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Table 6. Logistic regression analysis of pathological factors for CKD stage
Parameter
JRPS grade
RPS glomerular class
Diffuse lesion
Nodular lesion
GBM doubling
Mesangiolysis
Exudative lesion
Polar vasculosis
Glomerulomegaly
Arteriolar hyalinosis
Intimal thickness
Microaneurysm
Laminated nodule

Grade or score (n)
Grade 1, 2 (12) vs. 3, 4 (81)
Grade 1, 2 (27) vs. 3, 4 (66)
Score 0–2 (22) vs. 3 (71)
Score 0 (43) vs. 1 (50)
Score 0–2 (85) vs. 3 (8)
Score 0–2 (52) vs. 3 (41)
Score 0 (31) vs. 1 (62)
Score 0 (16) vs. 1 (77)
Score 0 (75) vs. 1 (18)
Score 0–2 (64) vs. 3 (29)
Score 0–1 (41) vs. 2 (52)
Score 0 (86) vs. 1 (7)
Score 0 (77) vs. 1 (16)

Odds ratio (95% CI)
6.25 (2.31–16.95)
4.57 (1.30–16.07)
12.75 (1.40–116.04)
2.98 (1.16–7.67)
4.96 (0.56–44.10)
1.73 (0.68–4.42)
5.55 (2.09–14.73)
1.71 (0.55–5.31)
0.53 (0.18–1.57)
0.53 (0.05–5.22)
2.06 (0.59–7.15)
0.97 (0.18–5.33)
3.17 (0.67–15.56)

p-value
<0.001***
0.02*
0.02*
0.02*
0.15
0.25
0.001**
0.35
0.25
0.58
0.26
0.97
0.15

CI, confidence interval; CKD, chronic kidney disease; GBM, glomerular basement membrane; JRPS, Japanese Renal Pathology Society; RPS, Renal Pathology Society.
*p < 0.05, **p < 0.01, ***p < 0.001.

Table 7. Correlations between pathological factors and CKD stage (multivariate logistic regression)
Adjustment
Age, sex, BMI, HbA1c, DM
duration, and hypertension

Parameter
JRPS grade
Nodular lesion
Exudative lesion

Odds ratio (95% CI)
20.44 (2.82–148.10)
4.98 (1.40–17.75)
11.26 (2.88–44.05)

p-value
0.003**
0.013*
0.001**

BMI, body mass index; CI, confidence interval; CKD, chronic kidney disease; DM, diabetes mellitus; HbA1c, hemoglobin A1c; JRPS, Japanese Renal Pathology Society.
*p < 0.05, **p < 0.01.

this study. As the J-score is calculated by adding all pathological factors whether they are related or unrelated to clinical prognostic factors, the inclusion of unrelated factors
may have led to the lower clinical significance of the JRPS
classification. This was confirmed when the J-score was
calculated without AH and found to be more significant
than the overall J-score. This result suggests that the JRPS
classification system requires further modification and refinement. Additional research is needed to determine the
pathological findings that most accurately indicate renal
damage.
Renal biopsies are performed in patients with DN when
they present with atypical clinical course or when nondiabetic renal disease (NDRD) is suspected. Renal biopsy determines diagnosis and disease activity so that patients can
receive appropriate treatment. Pathologists determine the
correct diagnosis by comprehensively evaluating the glomeruli, tubules, interstitium, and blood vessels in the biopsy
samples, as each finding provides information about the
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kidney and is associated with various diseases [10]. Therefore, when evaluating renal damage in DN, evaluating
not only the glomeruli but also the tubules, interstitium,
and blood vessels can accurately reflect renal condition.
Although the JRPS classification has lower clinical significance than the RPS classification, which only evaluates the
glomerulus, it more comprehensively evaluates pathological changes, similar to the ISN/RPS lupus nephritis classification and the Oxford classification for immunoglobulin
A nephropathy [11,12]. Therefore, the JRPS classification
considers renal damage that could be excluded by the RPS
classification.
We confirmed that, except for AH, most pathological
factors in the JRPS classification and J-score were related
to clinical factors. However, Hoshino et al. [9] showed that
AH was correlated with renal outcomes and was therefore
included as a factor for calculating the J-score. Although
a few studies have compared AH with individual clinical
prognostic factors, Moriya et al. [13] suggested that AH is a
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Figure 3. Receiver operating characteristic curve for the prediction of renal injury requiring renal replacement therapy. The
area under the curve: Renal Pathology Society (RPS) glomerular
classification, 0.675; Japanese Renal Pathology Society (JRPS)
grade, 0.617; JRPS score (J-score) excluding arteriolar hyalinosis
(AH), 0.644; and J-score, 0.639.

pathological factor that can predict decreases in GFR. In a
previous study by Li et al. [14], AH was not associated with
renal outcomes in DN patients. As described above, the
clinical significance of AH remains controversial; therefore,
it may be challenging to use it as a factor for predicting the
prognosis of DN. AH is not only a characteristic finding
in DN but also a histological finding representative of microvascular damage caused by several factors, including
hyperglycemia, hypertension, and endothelial damage,
that result in glomerular damage and eventually a decrease
in renal function [15,16]. Although AH is associated with
decreased renal function, the present and several previous
studies did not observe associations between AH and renal outcomes; therefore, more studies of the relationship
between AH and clinical factors and renal outcomes are
required.
Among the pathological findings observed in DN, laminated nodules showed an inverse correlation with eGFR.
Meanwhile, nodular lesions in DN, also called Kimmelstiel-Wilson lesions, are observed in approximately 25% of
patients with advanced DN [5] and are associated with se-

vere renal damage, long-standing diabetes, and poor renal
prognosis [17]. Some nodular lesions show lamination on
methenamine silver staining; however, this is not commonly observed, and the exact incidence is unknown. In the
present study, 16 out of 93 cases (17.2%) featured laminated nodules. Lamination of nodular lesions is thought to be
caused by repeated mesangiolysis and mesangial damage
[18,19], which indicate continuous kidney damage. Therefore, laminated nodules may help predict the prognosis of
DN. Capillary microaneurysm is a rupture of the capillary
walls and a pathological finding caused by mesangiolysis [20] but was not associated with clinical factors in this
study.
This study has several limitations. First, this was a single-center study, and the number of patients included was
small. Additionally, patients with higher RPS classifications
with diabetic nodules were included, and the number of
patients in each class was unevenly distributed. Although
statistically significant results were obtained, further research with a larger number of cases is required. Second,
the number of patients with laminated nodules was small.
Laminated nodules are not a common finding, so it was
difficult to include many relevant cases in this study. A
detailed study of the mechanism of occurrence and the
exact incidence of laminated nodules in DN is required in
the future, and further research on their relationships to
renal prognosis should be conducted. Third, this study was
conducted without distinguishing between type 1 and 2
diabetes. The renal pathological findings in patients with
type 2 diabetes are much more heterogeneous than those
in patients with type 1 diabetes. NDRD is present in approximately 30% of patients with type 2 diabetes [21], and
NDRD may be clinically different from DN in type 1 diabetes. If sufficient cases can be obtained, studies that examine pathological classifications should be carried out after
stratification based on diabetes type. There is no existing
evidence that JRPS classification is superior to RPS classification for predicting renal prognosis, and the results of this
study are similar. Additionally, a disadvantage of the JRPS
classification system is that it is complicated, because it
evaluates comprehensive renal status, but JRPS classification system better explains current renal status. If parameters that are difficult to evaluate are adjusted, and parameters are added or deleted according to clinical significance,
the JRPS classification system can more accurately evaluate
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the renal prognosis of DN.
In conclusion, although the pathological classifications
of RPS and JRPS are tools that can predict renal progression in patients with DN, the JRPS classification can more
comprehensively reflect renal changes. When developing a
new pathological classification system, AH is suggested to
be excluded whereas laminated nodules are suggested to
be included.
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Background: The International IgA Nephropathy Prediction Tool has been recently developed to estimate the progression risk of immunoglobulin A nephropathy (IgAN). This study aimed to evaluate the clinical performance of this prediction tool in a large IgAN cohort
in Korea.
Methods: The study cohort was comprised of 2,064 patients with biopsy-proven IgAN from four medical centers between March
2012 and September 2021. We calculated the predicted risk for each patient. The primary outcome was occurrence of a 50% decline
in estimated glomerular filtration rate (eGFR) from the time of biopsy or end-stage kidney disease. The model performance was evaluated for discrimination, calibration, and reclassification. We also constructed and tested an additional model with a new coefficient
for the Korean race.
Results: During a median follow-up period of 3.8 years (interquartile range, 1.8–6.6 years), 363 patients developed the primary outcome. The two prediction models exhibited good discrimination power, with a C-statistic of 0.81. The two models generally underestimated the risk of the primary outcome, with lesser underestimation for the model with race. The model with race showed better performance in reclassification compared to the model without race (net reclassification index, 0.13). The updated model with the Korean coefficient showed good agreement between predicted risk and observed outcome.
Conclusion: In Korean IgAN patients, International IgA Nephropathy Prediction Tool had good discrimination power but underestimated the risk of progression. The updated model with the Korean coefficient showed acceptable calibration and warrants external validation.
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Introduction
Immunoglobulin A nephropathy (IgAN) is the most common primary glomerulonephritis worldwide [1–4]. Patients
with IgAN have a wide range of clinical features, from benign conditions with persistent microscopic hematuria only
to kidney failure [5]. Generally, 20% to 30% of patients eventually require kidney replacement therapy (KRT) within 20
years after diagnosis [1]. The current therapeutic strategies
for IgAN mainly focus on reducing proteinuria. All patients
are conservatively treated with lifestyle modifications, such
as a low-salt and low-protein diet, smoking cessation, and
blood pressure (BP) control. Renin-angiotensinogen system blockades (RASB) are recommended if urinary protein
excretion exceeds 0.5 g per day [6]. Immunosuppression
therapy is reserved for patients with persistent heavy proteinuria and high progression risk after maximal supportive
care. Importantly, there is a time gap between disease onset
and initiation of disease course-modifying treatment. In
this regard, a reliable tool for risk assessment and stratification of IgAN could enable early identification of high-risk
patients. This would help physicians prioritize treatment
and avoid unnecessary delays.
Numerous studies have identified clinical risk predictors
of progression to end-stage kidney disease (ESKD), including estimated glomerular filtration rate (eGFR) at the time
of diagnosis, BP, and proteinuria in IgAN [7–11]. In addition,
the Oxford histologic scoring system can provide useful information for predicting IgAN progression. This system was
derived from a multiethnic cohort and has been validated
with high reproducibility [12,13]. Thus, establishing a scoring system that incorporates histologic findings with clinical
risk factors would be ideal for improving discrimination of
high-risk patients. Interestingly, the prevalence and incidence of IgAN are higher in East Asia than in Western countries [14–16], and IgAN patients of Pacific Asian origin are
more likely to progress to ESKD than are those of other ethnicities [17]. Therefore, the IgAN risk scoring system should
consider racial and ethnic variability.
Recently, the International IgA Nephropathy Network
developed and externally validated two prediction models,
with and without race/ethnicity. These models relied on
retrospective, large, international, multiethnic IgAN cohorts with long-term follow-up [18]. Both models included
mesangial and endocapillary hypercellularity, segmental

glomerulosclerosis, and tubular atrophy/interstitial fibrosis (MEST) scoring of the Oxford classification and clinical
parameters of age, mean arterial pressure, eGFR, and proteinuria. The two models showed excellent discrimination
and calibration in the original study. Notably, although
Chinese and Japanese patients were included in the study,
the clinical course of IgAN varied between the two populations, and the model with race/ethnicity used different
coefficients for each race. These findings led us to test the
clinical performance of the prediction tool in Korean patients. Therefore, the purpose of this study was to externally
validate the International IgA Nephropathy Prediction Tool
using a large, multicenter, independent cohort from Korea.
We also sought to determine a Korean race/ethnicity coefficient for a more accurate prediction.

Methods
Ethics statement
This study was conducted in accordance with the Declaration of Helsinki and approved by the Institutional Review
Board of each participating center (Asan Medical Center,
No. 2021-0031; Severance Hospital, No. 4-2021-0376; Seoul
National University Hospital, H-2103-091-1205; and Seoul
National University Bundang Hospital, B-1707-408-106).
The requirement for informed consent was waived as the
study is a retrospective, observational study with de-identified data.
Study population and clinical data set
This is a retrospective, observational study from four tertiary medical centers in Korea. We identified 2,484 patients
with biopsy-proven IgAN from March 2012 to September
2021. Using the electronic health record system (EHRS),
we collected all the clinical and pathologic data required
to use the International IgA Nephropathy Prediction Tool.
Patients were excluded who met the following criteria: 1)
missing information for the Oxford classification or eGFR
at biopsy or during follow-up, 2) aged <18 years, 3) diagnosed with chronic kidney disease (CKD) G5 requiring
KRT at the time of biopsy, and 4) missing information for
the International IgA Nephropathy Prediction Tool. Like
the original study, we only included patients with one year
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or more of follow-up care and who developed CKD G5 or
eGFR halving from baseline value within 1 year [18]. A total
of 2,064 patients was included in the analytic cohort (Supplementary Fig. 1, available online).
Predictors and outcome
Clinical information collected retrospectively from the
EHRS comprised demographics, BP, serum creatinine,
proteinuria, and use of RASB and immunosuppressants
prior to biopsy and during follow-up. Serum creatinine was
determined using an isotope dilution mass spectroscopy-traceable method, and eGFR was calculated using the
CKD Epidemiology Collaboration equation [19]. Proteinuria was estimated using the spot urine protein-creatinine
ratio when 24-hour urinary protein excretion information
was missing [20]. Renal biopsies were analyzed by the local
pathologists of each participating hospital and scored using
the Oxford Classification of IgAN (MEST score) [13]. The
pathologists were blinded to the clinical data. The linear
predictors for each patient were calculated using predictors
at biopsy according to the models with and without race,
as previously published (Supplementary Table 1, available
online) [18].
The primary outcome was a composite of a persistent
decline in eGFR ≥ 50% from the baseline value or onset of
ESKD during the follow-up period. ESKD was defined as
initiation of KRT including dialysis, renal transplantation,
or eGFR of <15 mL/min/1.73 m2.
Statistical analysis
The performances of the two prediction models were
evaluated using measures of model fit, discrimination,
reclassification, and calibration. The Royston-Sauerbrei D
statistic (R2D) and Akaike information criterion were used
to assess model fit [21]. Discrimination was evaluated using C-statistics [22]. We calculated the coefficient of the
linear predictor in our cohort data by constructing a linear
predictor-only Cox proportional hazard model for the primary outcome to measure discrimination. This estimated
coefficient of the linear predictor is known as the “calibration slope,” and the discrimination in the validation dataset
is almost the same when the linear predictor slope is approximately 1. If the calibration slope is >1, discrimination
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is better in the validation data set than in the original data
set [23]. Continuous net reclassification improvement
(NRI) and integrated discrimination improvement (IDI) for
censoring were calculated to measure reclassification [24].
The 95% confidence intervals (95% CIs) for C-statistics,
NRI, and IDI were obtained from 100 bootstrap samples.
The differences between survival curves were examined
using the log-rank test. The annual eGFR decline rate for
each risk group was calculated using a linear mixed-effects
model. To assess the accuracy of risk estimates from the
models, we assessed both the entire follow-up period and
time-specific calibration. The mean predicted survival
curves within risk groups (categorized as <15th, 15th–50th,
51st–85th, and ≥86th percentile according to the linear predictor) were compared with the observed survival curves
estimated by the Kaplan-Meier method for calibration over
the follow-up period. In addition, subjects were grouped
into deciles according to the predicted 5-year risk and
compared with the observed 5-year risks in the time-specific calibration. The difference in calibration between
the predicted and observed risks was visually compared.
Additional analyses were performed in sequential steps to
derive a Korean coefficient by recalibrating the prediction
tool for Korean patients as follows. First, the International
IgA Nephropathy Prediction Tool was applied directly to
the Korean analytic cohort using the linear predictor with
the ‘other’ race/ethnicity coefficient and baseline survival
as previously published [18]. Then, by adjusting the linear predictor’s race coefficient (the ‘other’ race/ethnicity
coefficient), the model with the Korean coefficient was
evaluated and tested using the calibration plot and the Kaplan-Meier plot [23]. The model with a new coefficient that
precisely predicted the observed kidney outcomes during
the follow-up period was visually examined, and the coefficient value of overlap between the predicted curve and
the observed risk was determined as the final Korean coefficient. Two-tailed p-values of <0.05 were considered statistically significant. Data were analyzed using STATA version.
16.1 (Stata Corp., College Station, TX, USA), R version. 4.1.0
(R Core Team, Vienna, Austria), and SAS version. 9.4 (SAS
Institute, Cary, NC, USA).
The study adhered to the TRIPOD (Transparent Reporting of a Multivariable Prediction Model for Individual Prognosis or Diagnosis) guidelines (Supplementary material,
available online) [25].
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Results
Study population characteristics
The baseline characteristics of the external validation cohort are shown in Table 1. Among the 2,064 subjects, 353
(17.1%) experienced the primary outcome (Supplementary
Fig. 2, available online). The median follow-up duration
was 3.8 years (interquartile range, 1.8–6.6 years), with 843
subjects (40.8%) undergoing follow-up for 5 years or more.
From baseline to year 5, 246 subjects developed the primary outcome, with a corresponding probability of 16.2% (95%
CI, 14.3%–18.1%).
The Korean cohort was established more recently than
the derivation and validation cohorts of the original study
(the median years that biopsies were performed were 2014
vs. 2006 and 1998, respectively), with a smaller follow-up
period (3.8 years vs. 4.8 and 5.8 years, respectively) [18].
In addition, the mean age at biopsy was higher in the Korean cohort than in the derivation and validation cohorts
of the original study (41.3 years vs. 35.6 and 34.8 years,
respectively), and the proportion of men was lower (44.8%
vs. 57.8% and 49.3%, respectively) [18]. Our cohort had a
median proteinuria of 1.0 g/day compared with 1.2 and
1.3 g/day in the two original cohorts and a median eGFR
of 87.8 mL/min/1.73 m2 compared with 83.0 and 89.7 mL/
min/1.73 m2 [18].

highest-risk groups, suggesting that the model without race
had a good discriminatory capability. However, the distinction between the low and intermediate-risk groups was less
prominent using this model. When the eGFR decline rates
were compared according to risk group using the model,
there was a graded decrease in eGFR across the four risk
groups, with the steepest decline occurring in the highest
risk group (Table 3).
Both baseline survival probabilities from the original
study underestimated the risk compared with the survival
curve observed in our cohort (Fig. 2). When the predicted
risk was visually compared with the observed risk, differences were observed in most of the risk groups, suggesting
that both models underestimated risk (Fig. 1A, C). Notably,
the model with race underestimated risk irrespective of risk
group, although the risk was more highly underestimated
in the high and highest risk groups (Fig. 1C). Fig. 1B and D
show the observed vs. predicted 5-year risks of the primary
outcome according to decile of predicted risk. In the model without race, the observed risk in the lower risk deciles
approximated a perfect calibration threshold, suggesting
that the model estimated risk relatively well. In the higher
deciles, the observed risk was above the perfect calibration
threshold, suggesting that the model without race underestimated risk for those in the higher deciles of predicted risk
(Fig. 1B). In contrast, the model with race underestimated
the 5-year risk of the primary outcome for those in all risk
deciles (Fig. 1D).

Performance of the Internal IgA Nephropathy Prediction
Tool

Updating the prediction tool for Korean patients

The C-statistics of the model without race and the model
with race in the Korean cohort were 0.81 (95% CI, 0.77–0.84)
and 0.81 (95% CI, 0.78–0.85), respectively. The calibration
slopes of the linear predictors were 1.08 (95% CI, 0.96–1.20)
and 1.03 (95% CI, 0.92–1.14), respectively, suggesting that
discrimination was comparable to that of the original derivation cohort. The risk reclassification for predicting the
5-year primary outcome development risk was slightly
improved in the model with race compared to the model
without race (NRI, 0.13 [95% CI, 0.08–0.29]; IDI, 0.002 [95%
CI, 0–0.007]) (Table 2). The Kaplan-Meier curves between
risk subgroups according to model are shown in Fig. 1. The
curves were separated distinctively between the lower-risk
groups (low- and intermediate-risk) and the high- and

Using the updating strategy as described in the statistical
analysis section, we found that the Korean race/ethnicity
coefficient was 0.5 (Supplementary Table 1, available online). Since we recalibrated the race/ethnicity coefficient
only and our cohort included only Korean people, the
C-statistics, NRI, and IDI results for predicting the 5-year
primary outcome risk were identical in the two models.
The predicted and observed primary outcome risks over
the follow-up period and the calibration between the predicted and observed risks using the model updated with
the Korean race/ethnicity coefficient are shown in Fig. 1E
and F, respectively. Of note, the predicted and observed
risks were consistent in the updated model, which was
better than the results of the two original models using the
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Table 1. Baseline characteristics of the Korean cohort and the original cohort
Characteristic
No. of patients
Asan Hospital
Severance Hospital
Seoul National University Hospital
Seoul National University Bundang Hospital
Year of biopsy
Follow-up (yr)
Age (yr)
Male sex
Creatinine level at biopsy (mg/dL)
eGFR at biopsy (mL/min/1.73 m2)
<30
30–60
60–90
>90
Mean arterial blood pressure (mmHg)
Proteinuria at biopsy (g/day)
<0.5
0.5–1
1–2
2–3
>3
Body mass index (m2/kg)
Pathology (MEST-C score)
M
E
S
T1
T2
C
RASB use at biopsy
Immunosuppression use
At biopsy
After biopsy
Time from biopsy to onset of immunosuppression (mo)
Primary outcome
50% decline in eGFR
End-stage kidney disease
Primary outcome development

Korean cohort

Original cohorta
Derivation cohort
Validation cohort
2,781
1,146

2,064
298 (14.4)
678 (32.8)
623 (30.2)
465 (22.5)
2014 (2011–2016)
3.8 (1.8–6.6)
41.3 ± 14.2
925 (44.8)
0.93 (0.73–1.24)
87.8 (61.6–111.5)
94 (4.6)
401 (19.4)
584 (28.3)
985 (47.7)
92 (83–100)
1.0 (0.5–1.9)
530 (25.7)
488 (23.6)
570 (27.6)
215 (10.4)
261 (12.6)
23.2 (21.0–25.8)

2006 (2004–2008)
4.8 (3.0–7.6)

1998 (1993–2003)
5.8 (3.4–8.5)

1,608 (57.8)
1.04 (0.80–1.40)
83.0 (56.7–108.0)
142 (5.1)
657 (23.6)
800 (28)
1,182 (42.5)
97 (89–106)
1.2 (0.7–2.2)
383 (13.9)
772 (28.1)
817 (29.7)
360 (13.1)
415 (15.1)
23.8 (21.3–26.6)

565 (49.3)
0.95 (0.75–1.26)
89.7 (65.3–112.7)
37 (3.2)
191 (16.7)
350 (30.5)
568 (49.6)
93 (85–103)
1.3 (0.6–2.4)
221 (19.3)
209 (18.2)
352 (30.7)
145 (12.7)
215 (18.8)
22.8 (20.2–25.3)

755 (36.6)
471 (22.8)
1,350 (65.4)
452 (21.9)
91 (4.4)
320 (19.8)
644 (31.2)

1,054 (37.9)
478 (17.2)
2,137 (77.0)
686 (24.7)
128 (4.6)
953 (34.3)
862 (32.4)

481 (42.0)
476 (41.5)
912 (79.6)
207 (18.1)
122 (10.6)
642 (56.1)
320 (30.0)

252 (9.1)
1,209 (43.5)
1.6 (0.0–5.1)

81 (7.1)
359 (31.3)
1.2 (0.0–11.5)

196 (9.5)
366 (17.7)
1.7 (0.0–19.6)

331 (16.0)
200 (9.7)
353 (17.1)

420 (15.1)
372 (13.4)
492 (17.7)

210 (18.3)
155 (13.5)
213 (18.6)

Data are expressed as number only, number (%), median (interquartile range), or mean ± standard deviation.
The primary outcome was the first occurrence of either a permanent 50% decline in eGFR from the baseline level at biopsy or ESKD. ESKD was defined as
the initiation of renal replacement therapy, including dialysis, renal transplantation, or eGFR of <15 mL/min/1.73 m2.
eGFR, estimated glomerular filtration rate; MEST-C, mesangial (M) and endocapillary (E) hypercellularity, segmental sclerosis (S), interstitial fibrosis/tubular
atrophy (T), and crescents (C); RASB, renin-angiotensin system blocker.
a
Barbour et al. [18] (JAMA Intern Med 2019;179:942–952).
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Data are expressed as value (95% confidence interval).
AIC, Akaike information criterion; IDI, integrated discrimination improvement; IgA, immunoglobulin; NRI, continuous net reclassification index; R2D,
Royston-Sauerbrei D statistic.

1.0
0.8

0.6
0.6

Variable
Model without race
Model with race
AIC
4,459
4,456
2
R D (%)
44.8 (39.2–49.8)
45.2 (39.7–50.3)
C-statistic
0.81 (0.77–0.84)
0.81 (0.78–0.85)
Calibration slope
1.08 (0.96–1.20)
1.03 (0.92–1.14)
Model performance compared with the model without race
NRI
0.13 (0.08–0.29)
NRI (events)
0.04 (0.02–0.18)
NRI (nonevents)
0.08 (0.07–0.11)
IDI
0.002 (0–0.007)

0.8

0.4
0.4

Table 2. Performance of the International IgA Nephropathy Prediction Tool

1.0

0.2
0.2

In this study, we assessed the performance of the International IgA Nephropathy Prediction Tool in a multicenter
cohort with 2,064 patients from four Korean hospitals. We
found that both models of the original study had good discrimination power and comparable risk stratification abilities. However, the models apparently underestimated the
risk for progression in Korean patients. Notably, our updated model with the newly-derived Korean race/ethnicity coefficient accurately predicted the risk with good calibration

Observed
Model without race
Model with race

0.0

Discussion

in our cohort.
Before introduction of the International IgA Nephropathy Prediction Tool, several prognostic scoring systems
for predicting progression to ESKD or mortality in IgAN
patients were available [7,8,26,27]. Nonetheless, these
scoring systems included only a single geographic region
or race/ethnicity or used clinical and pathological findings
without considering race/ethnicity [8,26,27]. In addition,
previous scoring systems used a sample size of <1,000 subjects, which is insufficient for model development [7,8].
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International IgA Nephropathy Prediction Tool.
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Figure 2. Estimates of the baseline survival function in the reported and current data set.

Table 3. Rate of kidney function decline and mean predicted 5-year risk of the primary outcome in subgroups based on the linear predictor
Risk subgroup

Predicted 5-year riska (%)

Model without race
Low risk
Intermediate risk
High risk
Highest risk
Model with race
Low risk
Intermediate risk
High risk
Highest risk

Observed events
in 5 yearsb
3 (1.0)
37 (5.1)
85 (11.8)
121 (39.2)

–1.04 (–1.56 to –0.52)
–1.61 (–1.94 to –1.28)
–1.91 (–2.24 to –1.58)
–3.24 (–3.77 to –2.70)

0.8 (0.2–1.2)
1.9 (1.2–2.7)
5.1 (2.7–10.3)
23.3 (10.3–76.5)

5 (1.6)
35 (4.8)
82 (11.3)
124 (40.1)

–1.13 (–1.64 to –0.62)
–1.65 (–1.98 to –1.31)
–1.81 (–2.14 to –1.48)
–3.38 (–3.92 to –2.84)

<0.001

eGFR, estimated glomerular filtration rate.
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p-value
<0.001

2.1 (0.6–2.7)
3.9 (2.7–5.4)
9.6 (5.4–18.8)
37.1 (18.8–90.6)

Data are expressed as amean (range), bnumber (%), or cmean (95% confidence interval).
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Moreover, the suggested models have not been well validated in other cohorts. The International IgA Nephropathy
Prediction Tool was developed in a multinational cohort
including Europe, Asia, and North and South America and
externally validated in a distinct dataset with 1,146 IgAN
patients. The established models included well-known
clinical predictors for progression of IgAN and pathologic
findings based on the Oxford classification. In the same
study, the validation cohort included more patients with
other races/ethnicities, with only 15.5% of the cohort being
Caucasian compared with 42% in the derivation cohort,
indicating that the models performed well in different ethnic, geographic, and clinical settings [18]. Several external
validation studies have also reported that the International
IgA Nephropathy Prediction Tool performed well in different cohorts [28–30]. Considering this evidence, the recently
published Kidney Disease: Improving Global Outcomes
(KDIGO) guidelines for glomerular diseases advocate the
use of the International IgA Nephropathy Prediction Tool
for risk quantification and shared decision-making with
patients [6]. Nevertheless, the original prediction models
use different race coefficients for Chinese and Japanese patients, although they belong to the same East Asian group.
Thus, this tool needs to be further validated in other Asian
regions.
In this study, we externally validated two prediction models, with and without race, in a large Korean cohort. Generally, both models performed well for discriminating risk
groups among Korean patients. The survival curves were
noticeably separated among subgroups categorized according to predicted risk, and a graded decline rate in eGFR was
observed as predicted risk increased. The NRI and IDI for
the model with race/ethnicity were slightly improved compared to the model without race/ethnicity. Compared to
the model with race/ethnicity, the model without race/ethnicity additionally included a predictor “interaction term
between RASB use and proteinuria”, which might result in
poorer discrimination ability and model fit. These findings
indicate that applying the prediction model to newly diagnosed IgAN patients can help guide treatment for high-risk
patients and avoid unnecessary treatment for patients at a
low risk of disease progression.
Although both prediction models discriminated well
between groups, the calibration results clearly showed that
the International IgA Nephropathy Prediction Tool under-

estimated the risk of adverse kidney outcomes in our cohort. Unlike the original cohort comprising 42% Caucasian
subjects, our study included a single ethnic population.
Interestingly, a study using a racially diverse Canadian
cohort from the Toronto Glomerulonephritis Registry
showed that IgAN patients of Pacific Asian origin (China,
Japan, Philippines, and Vietnam) had a higher risk of ESKD
development and a 50% reduction in eGFR compared to
those of other origins [17]. The results of this study suggest
that race/ethnicity factors should be considered when constructing prediction models. In another validation study
exclusively including the Chinese race, the model without
race apparently underestimated the primary outcome risk,
while the model with race precisely predicted the risk after
3 years [29]. Nevertheless, in our study, even the model
considering race substantially underestimated the risk in
Korean patients. Better calibration in the Chinese validation study is presumably because this model used the Chinese race/ethnicity coefficient. These findings underscore
the need to update prediction models for diverse racial
populations.
In our study, we found a Korean race coefficient of 0.50.
In agreement with the findings from the original study, the
model with race/ethnicity had a slightly better discrimination power than the model without race/ethnicity in our
validation study. Therefore, we updated the race coefficient
rather than re-estimating the coefficients for the other
predictors to improve risk underestimation in the model
with race/ethnicity. After the update, the estimated mean
survival probability curves were parallel with the observed
survival curves according to the risk group. Moreover, underestimation of risk by the original model with race was
notably improved in our updated model using the Korean
race coefficient. The race coefficients for Chinese and Japanese patients were 0.818 and 0.408, respectively, while that
for Korean patients was 0.50, suggesting better-estimated
kidney outcomes in Korean IgAN patients than in Chinese
patients but worse than in Japanese patients. Not only race
but also the national difference in treatment of IgAN might
have resulted in the original prediction tool’s risk underestimation compared to observed risk. In fact, patients in
our cohort were less commonly treated with immunosuppressants at biopsy than were those in the original cohort.
In addition, tonsillectomy is more commonly performed
in Japan than in other countries [6]. Therefore, using the
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Chinese coefficient might overestimate the risk, and the
Japanese coefficient might underestimate adverse kidney
outcomes in Korean IgAN patients. However, since this
new model was only internally validated, external validation in other Korean cohorts is warranted.
Some limitations of this study should be noted. First, the
retrospective nature of this study might have caused unpredicted confounding factors. We retrospectively collected patient data from the EHRS, and exclusion of patients
without clinical or pathologic information might have led
to a selection bias. In addition, we could not capture the
outcome results for patients lost to follow-up, and some
patients might have reached the primary outcome as a
result of acute kidney injury. Moreover, the dataset did not
have information on detailed treatment after biopsy, and
our developed prediction model did not consider immunosuppression treatment after biopsy or the effects of specific immunosuppression agents. This might have resulted
in residual confounding factors. Second, interobserver
variability in MEST-C scoring can exist among pathologists
[31]. In addition, management of IgAN might have differed
among the four centers. Although they followed the KDIGO guidelines, immunosuppression was generally used at
the physician’s discretion [32]. Nevertheless, the four centers in our study are the largest leading research-oriented
hospitals in Korea, with many experienced medical faculty
members. Thus, we believe our cohort can best represent
the current IgAN patients in terms of diagnostic approach
and management across the nation. Third, the burden
of disease for the patients in our cohort might have been
more severe than that of other IgAN patients in Korea. Presumably, high-risk patients are more likely to be referred to
a specialized tertiary care center. Fourth, even though the
International IgA Nephropathy Prediction Tool performed
well in our cohort, the distinction between low-and intermediate-risk groups was poor. This was also observed in
the original multiethnic cohort and in the Chinese validation cohort [18,29]. Thus, further studies are required to
develop prediction tools that can stratify risk in the early
stages of IgAN.
In conclusion, this study externally validated the International IgA Nephropathy Prediction Tool in a large Korean cohort. Both models had good discrimination, and
the model with race had a slightly better risk stratification
power. However, the models underestimated the predicted
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5-year risk for adverse kidney outcomes. Given the good
risk stratifying ability and calibration of our proposed model with a new ethnicity/race coefficient for Korean IgAN
patients, we expect that more studies will be conducted to
validate the clinical utility of our model.
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Albuminuria, estimated glomerular filtration rate, and
traditional predictors for composite cardiovascular and
kidney outcome: a population-based cohort study in
Korea
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Department of Medicine, Kangwon National University Hospital, Kangwon National University School of Medicine, Chuncheon, Republic of
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Background: Certain pharmacotherapies have shown to be effective for both cardiac and kidney outcomes. Although risk prediction
is important in treatment decision-making, few studies have evaluated prediction models for composite cardiovascular and kidney
outcomes.
Methods: This study included 2,195,341 Korean adults from a nationwide cohort for chronic kidney disease and a representative
sample of the general population, with a 9-year follow-up. This study evaluated prediction models for a composite of major cardiovascular events or kidney disease progression that included albuminuria and estimated glomerular filtration rate (eGFR) and/or traditional cardiovascular disease predictors.
Results: The addition of albuminuria and eGFR to a model for the composite outcome that included age, sex, and traditional predictors increased a C statistic by 0.0459, while the addition of traditional predictors to age, sex, albuminuria, and eGFR increased a C
statistic by 0.0157. When age and sex-adjusted incidence rates were calculated across the combined Pooled-Cohort-Equations (PCEs)
and Kidney Disease: Improving Global Outcomes (KDIGO) risk categories in diabetic or hypertensive participants, the incidence of
≥10 per 1,000 person-years was observed among all categories with high or very high KDIGO risk and among categories with moderate (or low) KDIGO risk and a PCEs 10-year risk of ≥10% (or ≥20%), accounting for 36% of diabetic and 18% of hypertensive populations.
Conclusion: This study strongly supports the utility of the KDIGO risk matrix combined with a conventional cardiovascular risk score
for the prediction of composite cardiovascular and kidney outcome and provides epidemiologic data relevant to the development of
efficient treatment strategies.
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Introduction
Precise estimates of the absolute risks of adverse events
are important in the development of effective and safe
strategies for preventive therapy. Guidelines for the primary prevention of cardiovascular events recommend
that clinicians predict individual risks and consider statin,
aspirin, and intensive antihypertensive treatments in individuals at high-predicted risk [1–3]. The commonly used
risk prediction models such as the Framingham algorithm
and the Pooled-Cohort-Equations (PCEs) were developed
primarily for atherosclerotic cardiovascular disease (ASCVD) [4,5], which can be prevented by statin or aspirin
treatment [6,7]. However, certain treatments such as sodium-glucose cotransporter-2 (SGLT2) inhibitors [8–10],
angiotensin-neprilysin inhibitor [11], and finerenone
[12,13] as well as antihypertensive treatment have recently shown benefits for reducing heart failure and kidney
disease events beyond ASCVD. Conventional models that
included traditional cardiovascular disease predictors may
not be suitable for the clinical decision of such treatments.
The measures of albuminuria and estimated glomerular
filtration rate (eGFR) can alternatively or additionally be
considered as predictors on the basis of incremental absolute benefits of the treatments at higher albuminuria and
lower eGFR levels [10,14]. Nevertheless, few studies have
evaluated prediction models for a composite risk of cardiac
and kidney events.
To obtain population-representative data about risk prediction of composite cardiovascular and kidney outcome,
this study evaluated prediction models for a composite of
major cardiovascular events or kidney disease progression
that included albuminuria and eGFR levels and/or traditional predictors in a nationwide Korean cohort of patients
with chronic kidney disease (CKD) and a representative
cohort of the general population.

Methods
Participants
This retrospective cohort study used data from the National
Health Information Database of the National Health Insurance Service (NHIS). This public database covers data for
the entire population of Korea from 2002 onwards [15]. All
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data were anonymized prior to being provided for analysis.
The Institutional Review Board of Kangwon National University Hospital approved the study protocol and waived
informed consent (No. KNUH-2021-04-019).
Adults with CKD were identified from 40- to 79-year-old
participants of the nationwide health screening survey in
2009 or 2010 from when serum creatinine and high-density lipoprotein (HDL) cholesterol were measured (Fig. 1).
From 12.6 million survey participants, a total of 1,357,054
adults were identified with an eGFR of <60 mL/min/1.73
m2 at a medical health examination in 2009 or 2010 or
dipstick albuminuria ≥1+ once or ≥trace twice during examinations between 2007 and 2010. Health screening and
NHIS reimbursement records were collected from January
1, 2005 to December 31, 2019. From the 1,357,054 adults
with CKD, 71,052 with missing or outlier data, 144,500 with
an eGFR of <15 mL/min/1.73 m2, and 22,415 who died or
developed end-stage kidney disease (ESKD), hospitalized
heart failure, or critical ASCVD before the baseline (January
1, 2011) were excluded. The remaining 1,119,087 adults
with CKD were included in the final analysis.
To obtain a representative sample of the general population, one-tenth of the nationwide health screening survey
participants were randomly selected without reference to
a specific condition. From the selected 1,258,655 adults,
47,114 with missing or outlier data, 14,466 with an eGFR
of <15 mL/min/1.73 m2, and 8,385 who died or developed
ESKD, hospitalized heart failure, or critical ASCVD before
baseline were also excluded. Thus, 1,188,690 adults of the
general population were included in the final analysis.
Predictors and risk categories
Using biennial health screening records from 2005 to 2010,
the continuous variables of age, systolic blood pressure
(SBP), total cholesterol, and HDL cholesterol and the categorical variables of sex (male or female), diabetes status
(yes or no), antihypertensive use (yes or no), active smoking (yes or no), albuminuria, and eGFR were determined.
Antihypertensive use was identified as the prescription of
antihypertensive agents for ≥90 days per year (Supplementary Table 1, available online). Diabetes was defined as the
prescription of antidiabetic agents for ≥90 days per year or
a fasting blood glucose of ≥126 mg/dL. eGFR was calculated from serum creatinine in 2009 or 2010 using the Chron-
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40 to 79-year-old participants of
nationwide health screening in
2009 or 2010 (n = 12,587,000)

Participants with eGFR <60
mL/min/1.73 m2 or urine dipstick
albuminuria (n = 1,357,054)

Randomly selected participants
(n = 1,258,655)

Missing or outlier data in
baseline health screening
records (n = 71,052)

Missing or outlier data in
baseline health screening
records (n = 47,114)

CKD participants with baseline
records of health examination
(n = 1,286,002)

Participants with baseline records
of health examination
(n = 1,211,541)
eGFR <15 mL/min/1.73 m2
(n = 144,500)

eGFR <15 mL/min/1.73 m2
(n = 14,466)

Participants with stage 1–4 CKD
(n = 1,141,502)

Participants without stage 5 CKD
(n = 1,197,075)

ESKD, hospitalized HF,
critical ASCVD, or death
before baseline (n = 22,415)

ESKD, hospitalized HF,
critical ASCVD, or death
before baseline (n = 8,385)
General population with no
history of study outcome on
December 31, 2010
(n = 1,188,690)

CKD population with no history of
study outcome on December 31,
2010 (n = 1,119,087)

Duplicated participants with
CKD (n = 112,436)
Pooled cohort of CKD and general
populations (n = 2,195,341)

Figure 1. Flow chart of participant selection.
ASCVD, atherosclerotic cardiovascular disease; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; ESKD, endstage kidney disease; HF, heart failure.

ic Kidney Disease Epidemiology Collaboration creatinine
equation [16] and categorized into six groups (G0, ≥120;
G1, 90 to <120; G2, 60 to <90; G3a, 45 to <60; G3b, 30 to <45;
or G4, 15 to <30 mL/min/1.73 m2). Dipstick albuminuria
was categorized into three groups (A1, negative; A2, trace

to1+; or A3, ≥2+).
The 10-year cardiovascular risk was calculated using
the 2018 revised PCEs [6] and categorized into four groups
(<5%, 5% to <10%, 10% to <20%, or ≥20%). Participants
were categorized into four risk groups (low, moderate,
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high, or very high risk) using the KDIGO risk matrix [17].
Using a combination of the PCEs and KDIGO risk categories, participants were further categorized into 16 groups
(i.e., a four-by-four matrix).
Outcomes
The primary outcome was a composite of major cardiovascular events or kidney disease progression. Secondary outcomes included each component of the primary outcome
and a composite outcome of major cardiovascular events
or kidney failure. Major cardiovascular events consisted of
critical ASCVD, hospitalized heart failure, and cardiovascular death. Kidney disease progression was defined as serum
creatinine doubling, ESKD, or death from CKD, while kidney failure was defined as ESKD or death from CKD. Critical
ASCVD was determined as critical care unit admission or
revascularization for acute coronary syndrome or acute
ischemic stroke (Supplementary Table 1, available online).
Hospitalized heart failure was determined as hospitalization with the primary diagnosis of heart failure. Doubling of
serum creatinine from baseline was identified using biennial health screening records. ESKD was determined as dialysis for ≥90 days per year or kidney transplantation. Causes
of death were confirmed by the primary cause of death on
death certificates from Statistics Korea. The first event of the
outcomes was identified from the baseline (January 1, 2011)
to the end of the study (December 31, 2019).
Statistical analysis
To predict risks of study outcomes, Cox proportional
hazard models were developed with covariates of kidney
measures (albuminuria and eGFR) and/or traditional predictors (diabetes status, antihypertensive use, SBP, total
cholesterol, HDL cholesterol, and active smoking) in addition to age and sex. The models were evaluated using measures of discrimination and reclassification. Discrimination was quantified using the Uno’s C statistic [18], and the
change in C statistic was calculated after adding covariates
of interest to a prediction model. A reclassification table
was constructed to assess the number of participants who
moved among the predicted 5-year risk categories of <5%,
5% to <10%, and ≥10% after adding covariates of interest to
a model.
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To evaluate published models, C statistics were calculated among a model with a single covariate of the PCEs
10-year risk score, a three-variable model that included
age, sex, and the KDIGO risk category, and a model that
included both the PCEs 10-year risk score and the KDIGO
risk category. Furthermore, incidence rates were estimated across the combined PCEs and KDIGO risk categories.
Age- and sex-adjusted incidence rates were calculated by
multiplying the adjusted hazard ratios and the 95% confidence intervals (CIs) by a constant to make the sum of
the products of incidence rates and person-years in risk
categories equal to the total number of observed events. To
explore the influence of the proportion of renal outcomes
in composite cardiovascular and kidney outcome, analyses
were repeated for the secondary composite outcome that
excluded serum creatinine doubling, which was less serious than kidney failure, from the primary outcome.
Statistical analyses were performed using SAS version 9.4
(SAS Institute, Cary, NC, USA). Data are presented as numbers and percentages, means and standard deviations, C
statistics and 95% CIs, or incidence rates and 95% CIs.

Results
This study included 2,195,341 participants, including
1,119,087 participants with CKD and 1,076,254 without
CKD. Compared with non-CKD participants, CKD participants were older and had higher PCEs 10-year risk scores
and SBP levels; this group also contained higher proportions of diabetes and antihypertensive users. The baseline
characteristics of the general population representing the
entire population in Korea are shown in Table 1.
During 9 years of follow-up, the primary composite outcome was noted in 94,405 participants (8.4%) with CKD, in
40,619 participants (3.4%) of the general population, and in
125,650 participants (5.7%) of the pooled cohort. The cumulative incidence of secondary outcomes is provided in
Supplementary Table 2 (available online).
Risk discrimination and reclassification by albuminuria
and estimated glomerular filtration rate and/or traditional predictors
The C statistic in a full model for the primary composite
outcome that included all covariates of age, sex, kidney
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Table 1. Baseline characteristics of the study participants
Characteristic
No. of participants
Age (yr)
Male sex
Albuminuria
No albuminuria
Dipstick albumin 1+ or trace
Dipstick albumin ≥2+
eGFR (mL/min/1.73 m2)
≥120
≥90, <120
≥60, <90
≥45, <60
≥30, <45
≥15, <30
Diabetes
Antihypertensive use
Active smoking
Systolic blood pressure (mmHg)
Total cholesterol (mg/dL)
HDL cholesterol (mg/dL)
10-Yr cardiovascular risk (%)b
KDIGO risk category
Low risk
Moderate risk
High risk
Very high risk
Cardiovascular risk category (%)
<5
≥5, <10
≥10, <20
≥20

Pooled cohort
CKD
1,119,087
60.9 ± 10.9
537,579 (48.0)

No CKD
1,076,254
54.2 ± 9.9
515,263 (47.9)

619,150 (55.3)
336,234 (30.0)
163,703 (14.6)

1,076,254 (100)
0 (0)
0 (0)

2,314 (0.2)
163,450 (14.6)
264,274 (23.6)
580,901 (51.9)
95,297 (8.5)
12,851 (1.1)
266,702 (23.8)
546,882 (48.9)
38,831 (3.5)
128.6 ± 14.2
201.6 ± 32.0
52.8 ± 13.0
9.8 ± 10.1

7,078 (0.7)
461,014 (42.8)
608,162 (56.5)
0 (0)
0 (0)
0 (0)
111,608 (10.4)
255,836 (23.8)
52,516 (4.9)
123.7 ± 13.4
198.4 ± 30.7
54.5 ± 12.7
5.1 ± 6.6

General populationa
1,188,690
54.8 ± 10.2
568,967 (47.9)
1,138,741 (95.8)
33,683 (2.8)
16,266 (1.4)
7,301 (0.6)
477,437 (40.2)
634,514 (53.4)
58,638 (4.9)
9,582 (0.8)
1,218 (0.1)
138,374 (11.6)
310,761 (26.1)
40,183 (3.4)
124.2 ± 13.6
198.7 ± 30.9
54.4 ± 12.8
5.6 ± 7.2

0 (0)
833,017 (74.4)
236,783 (21.2)
49,287 (4.4)

1,076,254 (100)
0 (0)
0 (0)
0 (0)

1,076,254 (90.5)
83,906 (7.1)
23,673 (2.0)
4,857 (0.4)

472,830 (42.3)
253,956 (22.7)
236,994 (21.2)
155,307 (13.9)

730,115 (67.8)
188,474 (17.5)
112,657 (10.5)
45,008 (4.2)

777,663 (65.4)
214,012 (18.0)
136,476 (11.5)
60,539 (5.1)

Data are expressed as number only, mean ± standard deviation, or number (%).
CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; KDIGO, Kidney Disease: Improving Global Outcomes.
a
The participants of the general population were randomly selected from the nationwide health screening survey participants regardless of the presence or
absence of CKD. bThe 10-year risk of cardiovascular disease was calculated using the 2018 revised Pooled-Cohort-Equations.

measures, and traditional predictors was 0.7958 (95% CI,
0.7946–0.7970). We omitted one predictor at a time from
the full model, and the C statistic change by omitting albuminuria or eGFR was substantially greater than that
by omitting each of the traditional predictors (Fig. 2). For
the primary composite outcome, the C statistics in the
conventional model that included age, sex, and the traditional predictors and the four-variable model that included age, sex, albuminuria, and eGFR were 0.7499 (95%

CI, 0.7485–0.7513) and 0.7800 (95% CI, 0.7786–0.7814),
respectively. The addition of kidney measures to the conventional model increased C statistic by 0.0459 (95% CI,
0.0449–0.0469), while the addition of the traditional predictors to the four-variable model increased C statistic by
0.0157 (95% CI, 0.0153–0.0161) (Supplementary Fig. 1,
available online). For the secondary composite outcome,
the C statistics in the conventional and four-variable models were 0.7992 (95% CI, 0.7978–0.8006) and 0.8162 (95%
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C Statistic Change (95% CI)
Primary Composite Outcome

Full Model C 0.7958

Dispstick albuminuria

–0.0118 (–0.0122 to –0.0114)

eGFR

–0.0299 (–0.0305 to –0.0293)

Diabetes status

–0.0045 (–0.0047 to –0.0043)

Antihypertensive use

–0.0029 (–0.0031 to –0.0027)

Systolic blood pressure

–0.0010 (–0.0012 to –0.0008)

Active smoking

–0.0020 (–0.0022 to –0.0018)

Total cholesterol

–0.0002 (–0.0002 to –0.0002)

HDL cholesterol

–0.0008 (–0.0010 to –0.0006)

Secondary Composite Outcome

Full Model C 0.8323

Dispstick albuminuria

–0.0092 (–0.0096 to –0.0088)

eGFR

–0.0191 (–0.0197 to –0.0185)

Diabetes status

–0.0040 (–0.0042 to –0.0038)

Antihypertensive use

–0.0027 (–0.0029 to –0.0025)

Systolic blood pressure

–0.0010 (–0.0012 to –0.0008)

Active smoking

–0.0032 (–0.0034 to –0.0030)

Total cholesterol

–0.0004 (–0.0004 to –0.0004)

HDL cholesterol

–0.0008 (–0.0010 to –0.0006)

Major Cardiovascular Events

Full Model C 0.8178

Dispstick albuminuria

–0.0025 (–0.0027 to –0.0023)

eGFR

–0.0038 (–0.0042 to –0.0034)

Diabetes status

–0.0030 (–0.0032 to –0.0028)

Antihypertensive use

–0.0020 (–0.0022 to –0.0018)

Systolic blood pressure

–0.0010 (–0.0012 to –0.0008)

Active smoking

–0.0045 (–0.0047 to –0.0043)

Total cholesterol

–0.0007 (–0.0007 to –0.0007)

HDL cholesterol

–0.0012 (–0.0014 to –0.0010)

Kidney Disease Progression
Dispstick albuminuria

–0.0257 (–0.0267 to –0.0247)

eGFR

–0.0633 (–0.0645 to –0.0621)

Diabetes status

–0.0069 (–0.0073 to –0.0065)

Antihypertensive use

–0.0037 (–0.0043 to –0.0031)

Systolic blood pressure

–0.0007 (–0.0009 to –0.0005)

Active smoking

0.0000 (0.0000 to 0.0000)

Total cholesterol

0.0000 (0.0000 to 0.0000)

HDL cholesterol
-0.140

Full Model C 0.8133

-0.130

-0.120

–0.0001 (–0.0001 to –0.0001)
-0.110

-0.100

-0.090

-0.080–0–0.070

–0.060

–0.050

–0.040

–0.030

–0.020

–0.010

0.000

Figure 2. Changes in C statistics with the omission of each predictor from full models for study outcomes in the pooled cohort.
Plots show differences in C statistics for four clinical outcomes with omission of kidney measures and traditional predictors from a full
model including all predictors. The primary composite outcome was major cardiovascular events or kidney disease progression. The
secondary composite outcome was major cardiovascular events or kidney failure. Major cardiovascular events were critical atherosclerotic cardiovascular disease, hospitalized heart failure, and cardiovascular death. Kidney disease progression was defined as serum
creatinine doubling or kidney failure.
CI, confidence interval; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein.
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CI, 0.8152–0.8172), respectively. The C statistic increments
by adding kidney measures to a conventional model and
by adding traditional predictors to a four-variable model
were 0.0331 (95% CI, 0.0323–0.0339) and 0.0161 (95% CI,
0.0157–0.0165), respectively.
Reclassification tables for the predicted 5-year risk categories of <5%, 5% to <10%, and ≥10% were constructed
separately in CKD and general populations (Supplementary Table 3, 4, available online) to obtain population-representative data. For the primary composite outcome, the
addition of albuminuria and eGFR levels to conventional
models yielded net reclassification improvements (NRIs) of
13.8% and 13.4% in CKD and general populations, respectively, while adding traditional predictors to four-variable
models yielded NRIs of 5.9% and 3.4%, respectively.
Risk discrimination and incidence rate by the Kidney
Disease: Improving Global Outcomes risk and PooledCohort-Equations 10-year risk categories
For the primary composite outcome, the C statistics in a
model including a single predictor of the PCEs 10-year risk
score and a three-variable model including age, sex, and the
KDIGO risk category were 0.7362 (95% CI, 0.7350–0.7374)
and 0.7612 (95% CI, 0.7596–0.7628), respectively. The
addition of the KDIGO risk category to the PCEs 10-year
risk score increased C statistic by 0.0356 (95% CI, 0.0346–
0.0366), while the addition of the PCEs risk category to the
three-variable model increased C statistic by 0.0106 (95%
CI, 0.0096–0.0116) (Supplementary Fig. 2, available online).
When age- and sex-adjusted incidence rates were calculated across the combined PCEs and KDIGO risk categories
(Fig. 3), an incidence of ≥20 per 1,000 person-years for the
primary composite outcome was observed among all categories with a very high KDIGO risk and among a category
with high KDIGO risk and a PCEs 10-year risk of ≥20%. Given the distribution of the participants across the PCEs and
KDIGO risk categories, the categories with an incidence of
≥20 per 1,000 person-years accounted for 8.0% of the CKD
population and 0.73% of the general population. An incidence of ≥10 per 1,000 person-years was observed among
all categories with very high KDIGO risk and those with a
PCEs 10-year risk of ≥20% and among categories with high
(or moderate) KDIGO risk and a PCEs 10-year risk of ≥5%
(or ≥10%), accounting for 49.8% of the CKD population and

7.7% of the general population.
The adjusted incidence rates were also calculated in diabetic or hypertensive participants to obtain clinically relevant data for the treatment of diabetes and hypertension
(Fig. 4). For the primary composite outcome, an incidence
of ≥10 per 1,000 person-years was observed among all
categories with high or very high KDIGO risk and among
categories with moderate (or low) KDIGO risk and a PCEs
10-year risk of ≥10% (or ≥20%), accounting for 82.7% of diabetic and 63.1% of hypertensive adults of the CKD population and 35.6% of diabetic and 18.2% of hypertensive adults
of the general population. By comparison, the categories
with an incidence of ≥10 per 1,000 person-years accounted
for 11.9% of nondiabetic and 7.2% of normotensive adults
of the CKD population and 4.3% of nondiabetic and 2.3%
of normotensive adults of the general population (Supplementary Fig. 3, available online).
For the secondary composite outcome (Fig. 3), an adjusted incidence rate of ≥10 per 1,000 person-years was
observed among all categories with a very high KDIGO risk
and among categories with high (or moderate) KDIGO risk
and a PCEs 10-year risk of ≥10% (or ≥20%), accounting for
21.7% of the CKD population and 2.0% of the general population. In diabetic or hypertensive adults, the incidence
of ≥10 per 1,000 person-years was observed among most
categories with high or very high KDIGO risk and among
categories with moderate KDIGO risk and a PCEs 10year risk of ≥20% (Supplementary Fig. 4, available online),
accounting for 60.3% of diabetic and 37.3% hypertensive
adults of the CKD population and 11.6% of diabetic and
5.7% hypertensive adults of the general population.

Discussion
This population-based cohort study in Korea evaluated
prediction models for a composite of cardiovascular and
kidney outcomes that included albuminuria and eGFR levels and/or traditional predictors. For a composite of major
cardiovascular events or kidney disease progression, the C
statistic increments by adding albuminuria and eGFR to a
conventional model and by adding traditional predictors to
a four-variable model were 0.0459 and 0.0157, respectively.
When age- and sex-adjusted incidence rates were calculated across the PCEs and KDIGO risk categories, an incidence of ≥10 per 1,000 person-years was observed among
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KDIGO risk categories

Outcome

Very High risk
Primary composite outcome
Incidence (95% CI), events per 1,000 person-years
<5%

2.4

3.0 (3.0–3.1)

6.6 (6.4–6.8)

51.1 (49.2–53.0)

5% to <10%

4.9 (4.7–5.0)

6.5 (6.3–6.7)

12.2 (11.8–12.7)

49.4 (47.5–51.4)

10% to <20%

7.3 (7.1–7.6)

10.0 (9.8–10.3)

18.3 (17.7–18.8)

54.6 (52.7–56.5)

11.7 (11.3–12.1)

15.3 (14.8–15.8)

26.7 (25.9–27.6)

67.6 (65.2–70.0)

Number
of participants
(%)
CKD
population
No. of participants
(%)
in in
CKD
population
<5%

0 (0.0%)

367,603 (32.85%)

94,043 (8.40%)

11,184 (1.00%)

5% to <10%

0 (0.0%)

93,807 (17.32%)

50,356 (4.50%)

9,793 (0.88%)

10% to <20%

0 (0.0%)

170,567 (15.24%)

52,750 (4.71%)

13,677 (1.22%)

0 (0.0%)

101,040 (9.03%)

39,634 (3.54%)

14,633 (1.31%)

Number
of participants
in the
general
population
No. of participants
(%)(%)
in the
general
population
<5%

730,115 (61.42%)

37,116 (3.12%)

9,335 (0.79%)

1,097 (0.09%)

5% to <10%

188,474 (15.86%)

19,394 (1.63%)

5,160 (0.43%)

984 (0.08%)

10% to <20%

112,657 (9.48%)

17,256 (1.45%)

5,236 (0.44%)

1,327 (0.11%)

45,008 (3.79%)

10,140 (0.85%)

3,942 (0.33%)

1,449 (0.12%)

Secondary composite outcome
Incidence (95% CI), events per 1,000 person-years
<5%

1.0

2.1 (2.0–2.1)

4.8 (4.5–5.0)

50.7 (48.4–53.2)

5% to <10%

3.4 (3.3–3.6)

5.4 (5.2–5.6)

9.8 (9.3–10.2)

46.6 (44.4–48.9)

10% to <20%

5.4 (5.2–5.7)

8.4 (8.1–8.7)

14.8 (14.2–15.5)

50.0 (47.8–52.2)

8.8 (8.4–9.2)

12.5 (12.0–13.1)

21.7 (20.8–22.7)

60.8 (58.1–63.5)

Major cardiovascular events
Incidence (95% CI), events per 1,000 person-years
<5%

1.4

2.2 (2.1–2.3)

3.1 (2.9–3.3)

6.7 (6.0–7.5)

5% to <10%

3.6 (3.5–3.8)

4.9 (4.7–5.1)

7.0 (6.6–7.3)

11.5 (10.7–12.4)

10% to <20%

5.1 (4.8–5.3)

6.9 (6.6–7.2)

9.9 (9.5–10.4)

15.4 (14.5–16.3)

7.6 (7.2–7.9)

9.6 (9.2–10.0)

13.6 (13.0–14.2)

20.4 (19.3–21.5)

Kidney disease progression
Incidence (95% CI), events per 1,000 person-years
<5%

0.9

1.1 (1.0–1.1)

2.9 (2.8–3.1)

31.7 (30.4–33.0)

5% to <10%

1.6 (1.5–1.7)

1.9 (1.8–2.0)

5.9 (5.7–6.2)

40.2 (38.5–42.1)

10% to <20%

2.4 (2.3–2.5)

3.0 (2.8–3.1)

9.5 (9.1–10.0)

49.2 (47.1–51.4)

4.0 (3.7–4.2)

5.2 (4.9–5.5)

15.6 (14.9–16.4)

65.8 (62.9–68.8)

Figure 3. Age- and sex-adjusted incidence rates of the primary and secondary outcomes across the PCEs and KDIGO risk categories in the pooled cohort. The incidence rates and 95% CIs were calculated by multiplying age- and sex-adjusted hazard ratios and the
95% CIs by a constant to make the sum of the products of incidence rates and person-years in risk categories equal the total number
of observed events. The participants of the general population represent the entire population in Korea.
CI, confidence interval; CKD, chronic kidney disease; KDIGO, Kidney Disease: Improving Global Outcomes; PCEs, Pooled-Cohort-Equations.
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KDIGO risk categories

Outcome/population
Primary composite outcome in diabetic adults

Incidence (95% CI), events per 1,000 person-years
<5%

3.9

6.2 (5.6–6.9)

16.4 (14.8–18.3)

89.5 (79.4–100.8)

5% to <10%

4.8 (4.3–5.3)

8.0 (7.3–8.8)

18.2 (16.6–20.0)

81.8 (74.1–90.3)

10% to <20%

7.3 (6.6–8.0)

10.7 (9.8–11.7)

21.8 (20.0–23.8)

71.1 (64.9–77.9)

12.0 (11.0–13.2)

16.4 (15.0–18.0)

29.4 (26.8–32.1)

75.9 (69.3–83.2)

20%

No. of diabetic
participants
(%)
in in
CKD
population
Number
of diabetic
participants
(%)
CKD
population
<5%

0 (0.0%)

16,507 (6.19%)

6,953 (2.61%)

1,034 (0.39%)

5% to <10%

0 (0.0%)

29,764 (11.16%)

12,015 (4.51%)

2,526 (0.95%)

10% to <20%

0 (0.0%)

59,792 (22.42%)

23,492 (8.81%)

6,473 (2.43%)

0 (0.0%)

66,223 (24.83%)

30,277 (11.35%)

11,646 (4.37%)

20%

Number
of diabetic
participants
in the
general
population
No. of diabetic
participants
(%)(%)
in the
general
population
<5%

21,844 (15.79%)

1,708 (1.23%)

681 (0.49%)

107 (0.08%)

5% to <10%

26,584 (19.21%)

3,051 (2.20%)

1,247 (0.90%)

246 (0.18%)

10% to <20%

35,883 (25.93%)

5,969 (4.31%)

2,287 (1.65%)

662 (0.48%)

27,297 (19.73%)

6,648 (4.80%)

3,006 (2.17%)

1,154 (0.83%)

20%

Primary composite outcome in hypertensive adults
Incidence (95% CI), events per 1,000 person-years
<5%

3.2

4.6 (4.4–4.8)

11.0 (10.5–11.6)

69.2 (65.9–72.6)

5% to <10%

5.5 (5.3–5.8)

7.5 (7.2–7.8)

14.5 (13.8–15.2)

58.1 (55.3–61.0)

10% to <20%

8.1 (7.7–8.5)

11.2 (10.8–11.7)

20.3 (19.4–21.2)

60.9 (58.2–63.8)

12.7 (12.1–13.3)

16.7 (16.0–17.5)

29.3 (28.0–30.6)

74.5 (71.2–78.0)

20%

Number
(%)
in in
CKD
populationIncidence
No.ofofhypertensive
hypertensiveparticipants
participants
(%)
CKD
population
<5%

0 (0.0%)

116,670 (17.94%)

35,605 (5.47%)

7,723 (1.19%)

5% to <10%

0 (0.0%)

123,179 (18.94%)

33,867 (5.21%)

8,202 (1.26%)

10% to <20%

0 (0.0%)

132,062 (20.31%)

43,083 (6.62%)

12,444 (1.91%)

0 (0.0%)

87,565 (13.46%)

35,998 (5.54%)

13,970 (2.15%)

20%

No. of hypertensive
participants
(%)(%)
in the
general
population
Number
of hypertensive
participants
in the
general
population
<5%

152,173 (35.95%)

11,804 (2.79%)

3,585 (0.85%)

722 (0.17%)

5% to <10%

94,904 (22.42%)

12,334 (2.91%)

3,388 (0.80%)

822 (0.19%)

10% to <20%

75,063 (17.73%)

13,348 (3.15%)

4,302 (1.02%)

1,214 (0.29%)

35,838 (8.47%)

8,840 (2.09%)

3,573 (0.84%)

1,377 (0.33%)

20%

Figure 4. Age- and sex-adjusted incidence rates of the primary composite outcome across the PCEs and KDIGO risk categories in
diabetic or hypertensive adults. The incidence rates and 95% CIs were calculated by multiplying age- and sex-adjusted hazard ratios
and their 95% CIs by a constant to make the sum of the products of incidence rates and person-years in risk categories equal the total
number of observed events. The participants of the general population represent the entire population in Korea.
CI, confidence interval; CKD, chronic kidney disease; KDIGO, Kidney Disease: Improving Global Outcomes; PCEs, Pooled-Cohort-Equations.
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all categories with very high KDIGO risk and those with a
PCEs 10-year risk of ≥20% and among categories with high
(or moderate) KDIGO risk and a PCEs 10-year risk of ≥5%
(or ≥10%). This study demonstrated first that albuminuria
and eGFR allowed more improvement in risk prediction
models for composite cardiovascular and kidney outcome
compared with traditional predictors. One of its strengths
was that composite risk was quantified to compare risk
across combined PCEs and KDIGO risk categories.
The categories with an incidence of ≥10% for the primary composite outcome accounted for 7.7% of the general
population (Fig. 3). The composite risk in patients with a
PCEs 10-year risk of 5% to <10% and high or very high KDIGO risk (0.51% of the general population) was higher than
the risk in patients with a PCEs 10-year risk of 10% to <20%
and low KDIGO risk (9.48% of the general population).
Conversely, the composite risk in patients with low KDIGO
risk and a PCEs 10-year risk of ≥20% (3.79% of the general
population) was higher than the risk in patients with moderate KDIGO risk and a PCEs 10-year risk of <10% (4.75% of
the general population). Such information may be valid in
decision-making for preventive therapy as the benefits of
treatment are expected to outweigh the potential harms in
patients at higher risk, and the present study data are relevant to the development of efficient treatment strategies.
In this study, the categories with an incidence of ≥10
per 1,000 person-years for the primary composite outcome accounted for 35.6% of diabetic adults and 18.2% of
hypertensive adults of the general population (Fig. 4). In
randomized controlled trials, certain medications showed
both cardiac and kidney benefits. For example, SGLT2
inhibitors substantially reduced heart failure and kidney
disease events [8–10], and the absolute risk reduction was
proportional to the baseline risk [10], while the relative risk
reduction was similar among various subgroups [8,9]. Further, a SGLT2 inhibitor improved outcomes independently
of diabetes status or baseline glucose levels [19,20]. These
benefits are comparable to those of statins: i.e. the relative
risk reduction for ASCVD is consistent in subgroups, and
the benefit persists independently of baseline cholesterol
levels [21,22]. As statins are recommended in individuals
at high risk for ASCVD [1,3], SGLT2 inhibitors could also be
recommended for adults at high risk for composite cardiovascular and kidney outcome. The KDIGO and American
Diabetes Association currently recommend SGLT2 inhibi-
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tors for patients with type 2 diabetes and established CKD
[23,24]. However, there are no concrete or detailed recommendations for nondiabetic CKD patients, although the
U.S. Food and Drug Administration [25] has approved dapagliflozin, an SGLT2 inhibitor, to reduce the risks of cardiac and kidney events in CKD. Given the present data, practitioners should consider SGLT2 inhibitor for diabetic or
hypertensive patients with very high KDIGO risk and those
with high KDIGO risk and a PCEs 10-year risk of ≥10%. In
addition, SGLT2 inhibitor may be considered for those with
high or very high KDIGO risk and those with moderate
(or low) KDIGO risk and a PCEs 10-year risk of ≥10% (or
≥20%). Besides the SGLT2 inhibitor, an angiotensin-neprilysin inhibitor reduced both cardiac and kidney events in
trials for patients with heart failure [11,26], and finerenone
showed the same effects in patients with diabetes and CKD
[12,27]. These treatments could also be considered in patients at high risk for composite cardiovascular and kidney
outcome.
In the present study, the addition of albuminuria and
eGFR to a conventional model for major cardiovascular
events improved discrimination with a C statistic of 0.0059,
and the addition of the kidney measures to the models for
ASCVD, heart failure, and cardiovascular death increased
C statistics by 0.0029, 0.0085, and 0.0066, respectively
(Supplementary Fig. 1, available online). The addition of
traditional predictors to a four-variable model for kidney
disease progression increased the C statistic by 0.0180. The
findings are comparable to those in previous studies. In
a previous meta-analysis, the addition of eGFR and urine
albumin-creatinine ratio or dipstick albuminuria to the
models for coronary artery disease, heart failure, and cardiovascular death increased C statistics by 0.0073, 0.0258,
and 0.0167, respectively, while the addition of eGFR and
dipstick albuminuria to the models for coronary artery
disease and cardiovascular death increased C statistics by
0.0072 and 0.0048, respectively [28]. In both previous and
present studies, albuminuria and eGFR improved risk discrimination more evidently in models for heart failure than
in those for ASCVD, although dipstick albuminuria used in
the present study might improve discrimination to a lesser
degree than that by urine albumin-to-creatinine ratio. A
four-variable model for ESKD was previously developed
in Canadian cohorts of patients with an eGFR of 15 to <60
mL/min/1.73 m2 [29], and the model adequately predicted
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the 2-year and 5-year risk of ESKD in multinational cohorts
[30]. Recently, a risk prediction model for ESKD, cardiovascular events, and death that included diabetes, SBP, smoking, and history of cardiovascular disease in addition to the
four variables was developed in patients with an eGFR of
<30 mL/min/1.73 m2 [31]. The model showed better discrimination and calibration for longer-term predictions in
a validation study [32]. The present 9-year follow-up study
in CKD and general populations also showed that the addition of diabetes and hypertension to a four-variable model
for kidney disease progression modestly improved discrimination (Fig. 2).
This study has several limitations. First, urine dipstick
and serum creatinine were used for kidney measures.
Dipstick albuminuria is less sensitive than urine albumin-to-creatinine ratio [33], and creatinine-based eGFR
is less accurate for the prediction of adverse events than
cystatin C-based eGFR [34]. Further studies are needed to
explore the possibility of better performance of prediction
models through the use of more accurate kidney measures.
Next, the critical ASCVD did not include stable angina,
mild stroke, or peripheral arterial disease. As the proportion of the critical ASCVD in the composite
outcome would be lower than that of the whole ASCVD,
the contribution of traditional predictors to the improvement in risk discrimination could be underestimated.
However, SGLT2 inhibitors and finerenone showed robust
benefits for heart failure and kidney disease outcomes but
modest or uncertain benefits for ASCVD [8,27]. The inclusion of critical rather than whole ASCVD as a component
of the composite outcome might be sufficient in prediction models for decision of such treatments. Finally, the
study included 40- to 79-year-old residents in Korea and
excluded those with a history of hospitalized heart failure
or critical ASCVD, and therefore caution is required when
generalizing the results.
In conclusion, in this population-based study in Korea,
albuminuria and eGFR, compared with traditional predictors, allowed better discrimination and larger NRIs in
risk prediction models for composite cardiovascular and
kidney outcome. The high incidence of ≥10 per 1,000 person-years for the composite outcome was observed in diabetic or hypertensive adults with high or very high KDIGO
risk and in those with moderate (or low) KDIGO risk and
a PCEs 10-year risk of ≥10% (or ≥20%). This study strongly

supports the utility of the KDIGO risk matrix combined
with cardiovascular risk score category to identify candidates who will most likely benefit from treatment effective
for both cardiac and kidney outcomes.
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Serum cystatin C to creatinine ratio is associated with
sarcopenia in non-dialysis-dependent chronic kidney
disease
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Background: Sarcopenia is a prevalent complication in patients with chronic kidney disease and is associated with poor quality of
life, morbidity, and mortality. Several candidate biomarkers have been evaluated for this condition. This study assessed the serum
cystatin C to creatinine (serum cystatin C/Cr) ratio as a potential biomarker for sarcopenia in patients with non-dialysis-dependent
chronic kidney disease.
Methods: This study enrolled 517 outpatients. Muscle mass (lean tissue index) was measured using a bioimpedance spectroscopic
device, and muscle strength (handgrip strength) was also measured. Sarcopenia was defined as a combination of low muscle
strength and low muscle mass.
Results: Sarcopenia was observed in 25.5% of patients, and the mean serum cystatin C/Cr ratio was significantly higher in patients
with sarcopenia than in those without it (1.14 ± 0.26 vs. 1.01 ± 0.27, p < 0.001). The prevalence of sarcopenia and low lean tissue
index increased as the cystatin C/Cr ratio increased. The negative predictive value of the cystatin C/Cr ratio for sarcopenia or low lean
tissue index was ≥80%. Multivariate analyses revealed that when the serum cystatin C/Cr ratio increased by 1, the risk of sarcopenia,
low lean tissue index, and low handgrip strength increased by 4.6-, 7.2-, and 2.6-fold, respectively (p = 0.003, p < 0.001, and p =
0.048). The association was maximized in patients with an estimated glomerular filtration rate of <30 mL/min/1.73 m2.
Conclusion: Calculating the serum cystatin C/Cr ratio could be helpful for detecting and managing sarcopenia in patients with chronic kidney disease.
Keywords: Chronic kidney diseases, Body composition, Creatinine, Cystatin C, Sarcopenia

Introduction
Sarcopenia, defined as the progressive loss of muscle mass

and strength, is significantly associated with frailty, poor
quality of life, comorbid diseases such as infections, and
early death [1–6]. It is common not only in patients on dial-
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ysis but also in those with non-dialysis-dependent (NDD)
chronic kidney disease (CKD). It is associated with poor
physical performance, renal disease progression, and mortality in that population [7–11]. A recent study using data
from the Korean National Health and Nutrition Examination Survey from 2014 to 2017 revealed that the prevalence
of decreased muscle strength was higher in CKD patients
than in healthy people, and the decrease in strength correlated significantly with the CKD stage [12]. A low-protein
diet, which is one of the treatments for advanced CKD,
can increase the risk of muscle loss [13]. Additionally, protein-energy wasting is often present in CKD patients, which
increases the risk of various conditions and leads to poorer
prognoses [14].
Therefore, the early detection and management of sarcopenia are important; however, periodic screening and evaluation for sarcopenia have not been recommended in patients with NDD-CKD [15], and limited information about
risk assessment and stratification is available. Many of the
methods commonly used to evaluate muscle mass and
strength are difficult to apply in practice. Therefore, if sarcopenia can be predicted from the results of periodic blood
tests already performed in patients with CKD, monitoring
would be simple, inexpensive, and easy to use in actual
clinical practice. In addition, the development of biomarkers for detecting sarcopenia could be useful for identifying
high-risk populations. Several candidate biomarkers for
sarcopenia have been suggested [16–18]. However, because
sarcopenia is a heterogeneous condition, its pathophysiology and associated aging-related muscle changes are barriers to the identification of specific biomarkers.
The serum creatinine (sCr) level is a well-known serum
biomarker for renal function; it is proportional to the glomerular filtration rate (GFR) but is affected by factors such
as fluid status, nutritional status, diet, and muscle mass
[19]. In contrast, the serum cystatin C level, another marker
of renal function, is not directly affected by muscle mass
because it is produced in all nucleated cells; therefore, it
reflects GFR more accurately and consistently than sCr in
patients with muscle loss [20,21]. We hypothesized that
serum cystatin C levels might be higher than sCr levels in
patients with sarcopenia. Several studies have demonstrated that the ratio of these two markers can predict the loss
of muscle mass and strength, as well as sarcopenia, better
than either marker alone [22–24].

In this study, we examined whether the serum cystatin C
to Cr (serum cystatin C/Cr) ratio or the difference between
the serum cystatin C and sCr levels measured in patients
with NDD-CKD correlates with decreased muscle mass and
strength and sarcopenia; additionally, we evaluated the accuracy of those indicators and their diagnostic precision.

Methods
Study population and design
This retrospective cohort study was conducted with adult
patients who visited the outpatient clinic at the Department of Nephrology in Hallym University Sacred Heart
Hospital between March 2015 and February 2020. We enrolled patients who visited at least twice at 3-month intervals, met the blood and urine criteria for CKD, underwent
body composition monitoring at least once and had renal
function tests, including cystatin C, on the same date. In total, 517 patients were included in the study, excluding 408
patients who were already on dialysis (Supplementary Fig.
1, available online). This study was conducted in accordance with the guidelines outlined in the 2013 Declaration
of Helsinki and was approved by the Institutional Review
Board of Hallym University Sacred Heart Hospital (No.
HALLYM 2022-02-017). Body composition monitoring was
performed during routine clinical evaluations, and this was
a retrospective study using data obtained from treatment
processes that had already been completed. Because the
personal information of the research subjects was thoroughly protected during the entire research process, including clinical data collection, analysis, and thesis writing,
the Institutional Review Board waived the requirement for
written informed consent from the study population.
Body composition parameters
Body composition parameters were measured using a
portable whole-body bioimpedance spectroscopy (BIS)
device (Fresenius Medical Care, Bad Homburg, Germany).
In patients suspected to have an accompanying volume
depletion or volume overload because of their clinical
history or physical examination, body composition parameters were not measured. All participants stood in front of
the device and were evaluated with both arms extended
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to the sides. This instrument displays objective indicators
of muscle mass (lean tissue mass), fat mass, and hydration
status. The lean tissue index (LTI) and fat tissue index (FTI)
were obtained by normalizing the lean tissue mass and fat
mass to the body surface area (m2). According to the 2019
Asian Working Group for Sarcopenia (AWGS) guidelines
[25], low muscle mass was defined as an LTI of <5.7 kg/m2
for females and <7.0 kg/m2 for males. Handgrip strength
(HGS) was measured using a Jamar handheld dynamometer (Jamar Plus; Sammons Preston Inc., Bolingbrook, IL,
USA) to evaluate muscle strength. Low muscle strength
was defined as an HGS of <18 kg for females and <28 kg for
males. Sarcopenia was defined as both low muscle mass
(low LTI) and low muscle strength (low HGS), according to
the sarcopenia diagnostic criteria of the 2019 AWGS [25].
Because muscle mass alone is not sufficient for a strength
evaluation, and muscle biomarkers are more related to
muscle mass than muscle strength, we subclassified our
subjects into low LTI, low HGS, and low HGS and low LTI
(sarcopenia) subgroups for our analyses.
Clinical parameters and assessments
The results of laboratory investigations (blood and urine)
performed on the day that patients underwent body composition monitoring were collected from their electronic
medical records. The hemoglobin (Hb) concentration in
whole blood samples was determined using an ADVIA
2120i hematology system (Siemens Healthcare Diagnostics, Erlangen, Germany). The levels of total cholesterol, total protein, serum albumin, uric acid, blood urea nitrogen,
sCr, sodium, potassium, calcium, phosphorus, and total
CO2 in the serum samples were measured on a Cobas 8000
c702 Chemistry Analyzer (Roche Diagnostics, Rotkreuz,
Switzerland). The urine protein to Cr ratio was calculated
using random urine samples. Cystatin C was measured
using an automated AU-5800 analyzer (Beckman Coulter,
Brea, CA, USA). The estimated GFR (eGFR) was calculated
using the CKD-Epidemiology Collaboration (CKD-EPI)
formula [26].
Diabetes was defined as a fasting blood glucose level
of ≥126 mg/dL, glycated Hb of ≥6.5%, or the use of an antidiabetic agent. Hypertension was defined as a systolic
or diastolic blood pressure of ≥140 mmHg or ≥90 mmHg,
respectively, or the use of antihypertensive agents. Body
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mass index (BMI, kg/m2) was calculated using the weight
and height at the time of body composition measurement
and was classified into five groups based on the criteria for
the Asian population.
Statistical analyses
Categorical variables, expressed as frequencies and proportions, were compared using the chi-square test or Fisher
exact test. The Kolmogorov-Smirnov test was performed to
examine the assumption of normality for continuous variables. After the test for normality, non-normally distributed
variables, presented as medians with interquartile ranges,
were compared using the Kruskal-Wallis or Mann-Whitney
U test. Pearson correlation coefficients were calculated to
explore the linear relationships between various clinical
parameters and the serum cystatin C/Cr ratio or the difference between cystatin C and sCr levels. Patients were
categorized into sex-specific quartiles of serum cystatin C/
Cr ratio because no normal value for that ratio has been
established. The value of the serum cystatin C/Cr ratio or
difference between cystatin C and sCr levels for identifying
sarcopenia, low LTI, and low HGS was investigated using
the area under the receiver operating characteristic curve,
cut-off values, sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV), positive likelihood ratio, negative likelihood ratio, and diagnostic odds
ratio (DOR). A simple logistic regression model was used to
calculate odds ratios and 95% confidence intervals (CIs) for
associations between the serum cystatin C/Cr ratio or difference between cystatin C and sCr levels and sarcopenia,
low LTI, and low HGS. Significance was set at p < 0.05, and
statistical analyses were performed using IBM SPSS version
20.0 K (IBM Corp., Armonk, NY, USA).

Results
Baseline characteristics and demographics of the participants
Table 1 presents the demographic, clinical, and body composition parameters of the participants categorized according to the sex-specific serum cystatin C/Cr ratio quartiles.
Of the 517 participants, 66.2% were male, the median age
was 67 years, and diabetes was observed in 45%. At the
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Table 1. Baseline characteristics and demographics of the total study population
Characteristic
No. of patients
Male sex
Age (yr)
≤40
41–50
51–60
61–70
≥71
Diabetes mellitus
Hypertension
Systolic blood pressure (mmHg)

Total (n = 517)

517
342 (66.2)
67 (56–77)
27 (5.2)
46 (8.9)
102 (19.7)
117 (22.6)
225 (43.5)
234 (45.3)
374 (72.3)
134.0
(123.0–146.8)
Diastolic blood pressure (mmHg) 74.0 (65.0–82.0)
Pulse pressure (mmHg)
60.0 (50.0–72.0)
Body mass index (kg/m2)
25.5 (23.3–28.0)
<18.5
11 (2.1)
≥18.5, <23.0
99 (19.1)
≥23.0, <25.0
119 (23.0)
≥25.0, <30.0
215 (41.6)
≥30.0
73 (14.1)
2
CKD-EPI eGFR (mL/min/1.73 m ) 40.0 (27.1–61.0)
≥60
133 (25.7)
<60, ≥45
87 (16.8)
<45, ≥30
139 (26.9)
<30, ≥15
120 (23.2)
<15
38 (7.4)
Urine protein/Cr ratio (mg/mgCr) 0.31 (0.11–1.24)
<1.0
351 (67.9)
≥1.0, <3.0
97 (18.8)
≥3.0
46 (8.9)
Lean tissue index (kg/m2)
14.5 (12.5–17.1)
Male
15.9 (13.8–18.0)
Female
12.1 (10.7–13.6)
Fat tissue index (kg/m2)
10.1 (7.5–12.7)
Male
9.0 (6.6–11.3)
Female
11.7 (9.3–16.0)
Handgrip strength (kg)
25.3 (17.6–35.1)
Male
30.2 (23.5–38.3)
Female
17.9 (13.7–22.5)
Overhydration index (L)
0.90
(0.00–1.70)
Total body water (L)
35.1 (28.9–40.7)
Extracellular water (L)
16.4 (13.7–18.6)
Intracellular water (L)
18.6 (15.0–22.0)

Q1
128
85 (66.4)
58 (49–69)
13 (10.2)
22 (17.2)
38 (29.7)
29 (22.7)
26 (20.3)
53 (41.4)
92 (71.9)
132.5
(123.0–146.8)
77.0 (68.0–87.0)
56.5 (46.0–71.8)
25.9 (23.8–27.8)
4 (3.1)
21 (16.4)
24 (18.8)
62 (48.4)
17 (13.3)
31.5 (15.7–58.4)
30 (23.4)
18 (14.1)
20 (15.6)
31 (24.2)
29 (22.7)
0.42 (0.09–1.60)
80 (62.5)
26 (20.3)
17 (13.3)
16.1 (13.6–18.4)
17.8 (15.7–19.4)
13.0 (11.3–14.9)
9.0 (6.5–11.5)
8.2 (6.0–10.7)
11.1 (8.6–14.0)
31.3 (20.7–39.1)
36.1 (28.1–44.3)
19.6 (14.4–26.4)
0.40
(−0.30 to 1.48)
37.6 (31.8–42.7)
16.9 (14.5–19.1)
20.8 (16.7–24.2)

Cystatin C/Cr ratio
Q2
Q3
130
130
86 (66.2)
86 (66.2)
61 (55–73)
72 (60–78)
6 (4.6)
7 (5.4)
16 (12.3)
7 (5.4)
37 (28.5)
14 (10.8)
32 (24.6)
29 (22.3)
39 (30.0)
73 (56.2)
56 (43.1)
55 (42.3)
88 (67.7)
93 (71.5)
134.0
137.0
(122.0–145.0)
(125.8–149.3)
75.5 (68.0–81.0) 74.0 (65.0–84.0)
59.0 (49.0–69.3) 62.0 (52.8–78.3)
25.3 (23.3–28.1) 25.3 (23.2–27.4)
2 (1.5)
3 (2.3)
21 (16.2)
27 (20.8)
38 (29.2)
31 (23.8)
47 (36.2)
55 (42.3)
22 (16.9)
14 (10.8)
43.6 (27.2–63.4) 40.1 (27.6–54.9)
38 (29.2)
28 (21.5)
23 (17.7)
23 (17.7)
31 (23.8)
39 (30.0)
31 (23.8)
38 (29.2)
7 (5.4)
2 (1.5)
0.34 (0.08–1.13) 0.30 (0.12–1.27)
91 (70.0)
91 (70.0)
22 (16.9)
29 (22.3)
11 (8.5)
6 (4.6)
15.3 (13.1–17.5) 14.3 (12.3–16.4)
16.8 (14.7–18.6) 15.7 (14.2–17.5)
12.7 (11.0–13.8) 12.1 (10.9–13.5)
9.8 (7.5–12.0) 10.3 (7.8–13.0)
8.9 (6.8–11.0)
9.0 (6.0–11.2)
11.0 (9.1–13.4) 12.6 (10.2–16.2)
28.2 (21.6–37.0) 23.8 (16.2–31.6)
33.1 (25.9–40.7) 28.9 (20.5–35.7)
21.1 (14.4–26.7) 16.9 (12.3–19.7)
0.70
1.00
(−0.23 to 1.70)
(0.18–1.60)
37.3 (29.8–41.9) 34.4 (27.8–39.0)
16.6 (13.8–19.1) 16.2 (13.4–18.2)
19.6 (16.2–22.7) 17.8 (14.6–21.0)

Q4
129
85 (65.9)
76 (65–82)
1 (0.8)
1 (0.8)
13 (10.1)
27 (20.9)
87 (67.4)
70 (54.3)
101 (78.3)
130.0
(120.0–145.8)
71.0 (61.0–78.0)
61.0 (51.5–73.0)
25.6 (23.0–28.3)
2 (1.6)
30 (23.3)
26 (20.2)
51 (39.5)
20 (15.5)
43.6 (33.0–62.1)
37 (28.7)
23 (17.8)
49 (38.0)
20 (15.5)
0 (0.0)
0.22 (0.11–1.08)
89 (69.0)
20 (15.5)
12 (9.3)
13.2 (11.3–15.2)
13.8 (12.5–15.7)
11.0 (9.9–13.1)
11.3 (8.5–14.8)
10.5 (7.6–12.6)
12.8 (11.0–18.9)
22.3 (15.4–28.3)
25.3 (19.5–31.1)
16.0 (13.3–19.8)
1.20
(0.50–2.05)
31.8 (27.0–38.0)
15.6 (13.2–18.4)
16.6 (13.7–20.2)

p-value
>0.99
<0.001
<0.001

0.21
0.51
0.11
<0.001
0.02
0.70
0.47

<0.001
<0.001

0.65
0.23

<0.001
<0.001
0.004
<0.001
0.005
0.01
<0.001
<0.001
0.04
<0.001
<0.001
0.048
<0.001

Data are expressed as number only, number (%), or median (interquartile range).
Female: Q1, 0.246–0.986; Q2, 0.993–1.150; Q3, 1.152–1.302; Q4, 1.314–2.836. Male: Q1, 0.422–0.829; Q2, 0.833–0.955; Q3, 0.956–1.078; Q4,
1.079–2.686.
CKD-EPI, Chronic Kidney Disease-Epidemiology Collaboration; Cr, creatinine; eGFR, estimated glomerular filtration rate.
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time of enrollment, the average CKD-EPI eGFR was 40.0
mL/min/1.73 m2, and the incidence of advanced (stage ≥
4) CKD was approximately 30% among the study patients.
Approximately 28% of patients displayed proteinuria > 1 g/
day.
The sex ratio, incidence of diabetes and hypertension,
and BMI were comparable in the four groups. However,
as the serum cystatin C/Cr ratio increased, age and pulse
pressure increased, and Hb and serum albumin levels
gradually decreased (Supplementary Table 1, available
online). In addition, in the highest cystatin C/Cr ratio
quartile group, LTI and HGS were the lowest, and FTI was
the highest. When we classified patients according to age,
sex, eGFR, and BMI, the cystatin C/Cr ratio was higher in
patients with sarcopenia than in those without sarcopenia,

*

0.9
0.6
No sarcopenia
Sarcopenia

0.3
0

C

1.5

Serum cystatin C/Cr ratio

B

**

1.2

<60

Age (yr)
NS

**

D
***

***

0.9
0.6

0

No sarcopenia
Sarcopenia
≥60

<60, ≥45

<45, ≥30
2

eGFR (mL/min/1.73 m )

1.5

*
***

1.2
0.9
0.6

No sarcopenia
Sarcopenia

0.3
0

≥60

1.2

0.3

Sarcopenia was observed in 132 patients (25.5%), and the
mean serum cystatin C/Cr ratio was significantly higher in
patients with sarcopenia than in those without sarcopenia
(1.14 ± 0.26 vs. 1.01 ± 0.27, p < 0.001). The serum cystatin
C/Cr ratio differed significantly between females and males
(0.98 ± 0.23 vs. 1.18 ± 0.30, respectively; p < 0.001) and correlated positively with age (β = 0.359, p < 0.001), FTI (β =
0.259, p < 0.001) and pulse pressure (β = 0.091, p = 0.04). It

Serum cystatin C/Cr ratio

Serum cystatin C/Cr ratio

1.5

Correlation analysis of the serum cystatin C to creatinine
ratio, clinical and body compositional parameters, and
handgrip strength

<30

Serum cystatin C/Cr ratio

A

except for patients with an eGFR ≥ 45 or < 60 mL/min/1.73
m2 and a BMI < 23 or ≥ 30 kg/m2 (Fig. 1).

1.5

Female

NS

1.2

Male

Sex

***

**

NS

0.9
0.6
No sarcopenia
Sarcopenia

0.3
0

<23

≥23, <25

≥25, <30

≥30

2

BMI (kg/m )

Figure 1. Comparison of serum cystatin C/Cr ratio in patients with and without sarcopenia. When patients were classified according to age (A), sex (B), eGFR (C), and BMI (D), the cystatin C/Cr ratio was higher in patients with sarcopenia than in those without sarcopenia, except for patients with eGFR of ≥45 or <60 mL/min/1.73 m2 and BMI of <23 or ≥30 kg/m2. Data are presented as median
(interquartile range).
BMI, body mass index; Cr, creatinine; eGFR, estimated glomerular filtration rate; NS, not significant.
*p < 0.05, **p < 0.01, ***p < 0.001.
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B

1.0
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Sensitivity
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0.8
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C
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AUC 0.66 (0.60–0.71)
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0.2
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0.6
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0.8

1.0

0.6
0.4
0.2
0

1.0
0.8
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A

AUC 0.69 (0.64–0.74)
p < 0.001
0.2

0.4
0.6
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0.8

1.0

0.6
0.4
0.2
0

AUC 0.65 (0.60–0.70)
p < 0.001
0.2

0.4
0.6
1-Specificity

0.8

1.0

Figure 2. Receiver operating curve analysis of sarcopenia, low LTI, and low HGS with serum cystatin C/Cr ratio. The areas under
the receiver operating characteristic curve for the cystatin C/Cr ratio to predict sarcopenia (A), low LTI (B), and low HGS (C) were 0.66
(95% confidence interval [CI], 0.60–0.71; p < 0.001), 0.693 (95% CI, 0.64–0.74; p < 0.001), and 0.65 (95% CI, 0.60–0.70; p < 0.001),
respectively.
AUC, area under the curve; Cr, creatinine; HGS, handgrip strength; LTI, lean tissue index.

correlated negatively with LTI (β = −0.450, p < 0.001), HGS
(β = −0.363, p < 0.001), Hb (β = −0.234, p < 0.001), and the
serum albumin level (β = −0.136, p = 0.002) (Supplementary
Fig. 2, available online). The correlation with LTI was higher in males than in females, and neither Hb nor albumin
showed any correlation with the serum cystatin C/Cr ratio
in females (Supplementary Table 2, available online).
In contrast, the difference between the serum cystatin C
and sCr levels had a weak correlation with several indicators and no correlation with the biochemical data. Therefore, we determined that the serum cystatin C/Cr ratio was
a potential marker reflecting low LTI and low HGS and performed the following analysis.
Serum cystatin C to creatinine ratio as a potential biomarker for sarcopenia
The diagnostic utility of the serum cystatin C/Cr ratio as a
biomarker for sarcopenia showed an area under the curve
of 65.6% and an accuracy of 59.2% (Table 2, Fig. 2). The
optimal cut-off value for predicting sarcopenia was 1.170 in
females and 0.977 in males (sensitivity, 59.1%; specificity,
59.2%; NPV, 80.9%; and PPV, 33.2%). LTI was more closely
associated with the serum cystatin C/Cr ratio than HGS. In
patients with an eGFR of ≥45 mL/min/1.73 m2, the serum
cystatin C/Cr ratio demonstrated a high NPV in predicting

sarcopenia (90.5%) and low LTI (90.4%). In other words, if
the serum cystatin C/Cr ratio in patients with eGFR of ≥45
mL/min/1.73 m2 was <1.047 or <1.071, it was highly likely
that no sarcopenia or low LTI, respectively, was present. In
males, the serum cystatin C/Cr ratio demonstrated a relatively higher NPV and DOR in predicting sarcopenia than
in females.
The logistic regression analysis for the prevalence of
sarcopenia, low LTI, and low HGS is presented in Table 3.
As the serum cystatin C/Cr ratio increased by 1, the prevalence risk of sarcopenia, low LTI, and low HGS increased
by 4.6-fold (95% CI, 1.7–12.7, p = 0.003), 7.2 times (95% CI,
2.6–20.2, p < 0.001), and 2.6 times (95% CI, 1.0–6.6, p = 0.05),
respectively, after adjusting for age, BMI, underlying disease, albumin level, Hb level, and eGFR. However, the correlation was greatest for low LTI. The cystatin C/Cr ratio is
thus a marker that better reflects muscle mass than muscle
strength.
The risk for the prevalence of sarcopenia increased by
approximately 1.8-fold when the cut-off value identified in
the diagnostic ability evaluation was ≥1.032 (Supplementary Table 3, available online), and the risk for the prevalence
of low LTI increased by approximately 2.0-fold when the
cut-off value was ≥1.037. However, there was no significant
correlation with low HGS values.
The participants were classified according to their CKD
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Table 2. Diagnostic accuracy analysis of the serum cystatin C/creatinine ratio
Sarcopenia
Total population
eGFR < 45
eGFR ≥ 45
Male
Female
Low lean tissue index
Total population
eGFR < 45
eGFR ≥ 45
Male
Female
Low handgrip strength
Total population
eGFR < 45
eGFR ≥ 45
Male
Female

AUC (95% CI)

Cut-off

Sensitivity (%) Specificity (%) PPV (%)

NPV (%)

PLR

NLR

DOR

0.656 (0.602–0.709)
0.665 (0.601–0.729)
0.664 (0.556–0.772)
0.674 (0.607–0.741)
0.619 (0.527–0.711)

1.032
1.023
1.047
0.977
1.170

59.1
58.8
60.0
60.7
58.3

59.2
59.0
60.0
60.9
58.3

33.2
42.9
19.1
33.6
34.6

80.9
73.2
90.5
82.6
78.7

1.45
1.43
1.50
1.55
1.40

0.69
0.70
0.67
0.65
0.72

2.10
2.05
2.25
2.40
1.95

0.693 (0.642–0.744)
0.677 (0.612–0.741)
0.743 (0.656–0.831)
0.714 (0.649–0.779)
0.654 (0.564–0.743)

1.037
1.022
1.071
0.983
1.176

61.7
59.4
67.5
65.2
59.6

62.2
59.2
67.8
64.8
61.8

38.0
42.9
31.8
39.5
39.7

81.3
73.9
90.4
84.1
78.4

1.63
1.46
2.09
1.85
1.56

0.62
0.69
0.48
0.54
0.65

2.65
2.12
4.37
3.45
2.39

0.647 (0.600–0.695)
0.643 (0.580–0.705)
0.706 (0.630–0.782)
0.656 (0.596–0.716)
0.610 (0.526–0.693)

1.018
1.002
1.044
0.964
1.153

59.7
59.5
62.3
61.7
57.8

59.5
60.4
62.9
62.2
57.6

51.4
64.7
34.7
50.9
55.2

67.3
55.1
84.0
71.8
60.2

1.47
1.50
1.68
1.63
1.36

0.68
0.67
0.60
0.62
0.73

2.18
2.25
2.79
2.65
1.86

AUC, area under the curve; DOR, diagnostic odds ratio; eGFR, estimated glomerular filtration rate (mL/min/1.73 m2); NLR, negative likelihood ratio; NPV,
negative predictive value; PLR, positive likelihood ratio; PPV, positive predictive value.

Table 3. Logistic regression analysis for prevalence of sarcopenia, low LTI, and low HGS
Variable
Sarcopenia
Low LTI
Low HGS

Unadjusted
OR (95% CI)
5.39 (2.53–11.50)
10.34 (4.62–23.15)
6.92 (3.27–14.65)

p-value
<0.001
<0.001
<0.001

Cystatin C/creatinine ratio (per 1 increase)
Model 1
Model 2
aOR (95% CI)
p-value
aOR (95% CI)
2.33 (1.06–5.15)
0.04
2.62 (1.13–6.08)
4.57 (2.00–10.41) <0.001
4.72 (1.96–11.35)
2.11 (0.98–4.56)
0.06
2.02 (0.90–4.53)

p-value
0.02
0.001
0.09

Model 3
aOR (95% CI)
p-value
4.60 (1.67–12.68) 0.003
7.18 (2.56–20.17) <0.001
2.59 (1.01–6.64)
0.048

Model 1: adjusted for age and body mass index. Model 2: adjusted for model 1 plus diabetes mellitus and hypertension. Model 3: adjusted for model 2
plus albumin, hemoglobin, and estimated glomerular filtration rate.
aOR, adjusted odds ratio; CI, confidence interval; HGS, handgrip strength; LTI, lean tissue index.

stage (Supplementary Table 4, available online). The correlation between the serum cystatin C/Cr ratio and sarcopenia or low LTI was strongest in patients with an eGFR of
<30 mL/min/1.73 m2.

Discussion
This study demonstrates a correlation between the prevalence of sarcopenia and the serum cystatin C/Cr ratio in
patients with NDD-CKD. As the serum cystatin C/Cr ratio
increased, the risks of sarcopenia, low LTI, and low HGS
increased significantly regardless of age, BMI, diabetes, hypertension, eGFR, albumin, and Hb levels. The serum cys-
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tatin C/Cr ratio demonstrated high diagnostic predictive
power for sarcopenia or low LTI.
Recently, studies have reported the necessity and clinical
usefulness of the sarcopenia index in various diseases. The
Cr/ cystatin C ratio and that value multiplied by 100 have
been analyzed the most [22–24,27,28]. Recently, the Cr ×
cystatin C-based GFR was suggested as a new index for
identifying sarcopenia in patients with various advanced
cancers, showing a stronger correlation with HGS and skeletal muscle mass than the Cr/cystatin C ratio [29]. However, those studies included patients with relatively preserved
renal function and considered only a small number of
patients. Also, in some studies, muscle mass and strength

An, et al. Association of cystatin C/Cr ratio with sarcopenia

were not measured. Therefore, it is difficult to generalize
and apply those findings to kidney disease.
Yanishi et al. [30] reported a positive correlation between
the skeletal muscle index and the Cr/cystatin C ratio in
kidney transplantation patients, but they excluded patients
with an eGFR of <30 mL/min/1.73 m2. A high Cr/cystatin C
ratio at the start of continuous renal replacement therapy
was associated with a favorable prognosis [31]; however,
that study did not include nutritional status scoring and
applied the Cr/cystatin C ratio as a marker for muscle mass
at a time when it was not in a steady-state, which limits the
applicability of their analyses.
A recent analysis of the sarcopenia index in patients with
NDD-CKD [32] reported some results that differ from our
study results. First, whereas previous studies used a wholebody bioelectrical impedance device (BIA), we measured
body composition using a portable whole-body BIS device.
BIA is widely used in nutritional evaluations in Korea,
and it has the advantage of having general population
data; however, its accuracy for determining muscle mass
depends on volume status, and insufficient research has
assessed its accuracy in patients with CKD. On the other
hand, research results using BIS have been reported for
patients with CKD, especially dialysis patients [33–37]. BIS
has the advantage of being non-invasive, rapid, and producing easily repeatable measurements at the bedside, and
its usefulness in prescribing dialysis doses or determining
the dry weight of dialysis patients has been proven. We
have conducted several studies of dialysis patients using
BIS measurements [6,38–42], and this study was conducted
as an extension of those previous reports. To the best of
our knowledge, no standard definition of sarcopenia in patients with NDD-CKD or guidelines for treating and monitoring them have yet been established. Because no big
data studies have yet been done to establish evidence or a
consensus, we conducted a study using BIS that confirmed
the clinical significance of sarcopenia in dialysis patients.
Of course, those study results alone cannot be generalized,
and additional studies are needed to evaluate and validate
the diagnostic accuracy of BIS, as well as to compare BIA
and BIS.
Second, the criteria for low muscle mass (low LTI) and
low muscle strength (low HGS) differed between our study
and previous studies, which used the sex-specific lowest
10th percentile of skeletal muscle index within the study

population. Here, we defined sarcopenia as a combination
of low muscle mass and low muscle strength according to
the sarcopenia diagnostic criteria of the 2019 AWGS. The
cystatin C/Cr ratio reflects muscle mass better than muscle
strength. Muscle strength cannot be evaluated simply by
muscle mass; thus, markers that can evaluate and represent
both parameters need to be discovered and developed.
Third, this study analyzed twice as many patients as
previous studies, and 30% of our patients had advanced
CKD. A strength of our study is including patients with all
stages of CKD and performing our analyses separately for
each CKD stage. Most important, unlike previous studies,
we used the cystatin C/Cr ratio. Studies of the sarcopenia
index in various disease groups, including patients with
NDD-CKD, are being actively conducted; however, none of
them are clearly established or suggested as guidelines or
consensus findings. Therefore, research on various markers should be performed from a broad perspective. The
cystatin C/Cr ratio had a significant correlation coefficient
with body composition markers and correlated positively
with the risk of low LTI, low HGS, and sarcopenia, with
the risk increasing as the ratio increased. Therefore, the
cystatin C/Cr ratio has the advantage of allowing clinicians to intuitively evaluate patient status, and it can be
easily calculated in actual clinical practice. Of course, it is
a limitation that the cystatin C/Cr ratio has a stronger correlation with muscle mass than muscle strength because
muscle strength is more important than muscle mass, and
physical performance is even more important than muscle
strength. Therefore, additional research is needed to develop a simple marker that can reflect and evaluate all those
factors. Characteristically, the diagnostic predictive power
of this ratio was higher in patients with an eGFR of ≥45 mL/
min/1.73 m2, probably because the effect of protein intake
or eGFR itself was greater in patients with eGFR of <45 mL/
min/1.73 m2. To support that supposition, protein intake
should be checked and adjusted; the lack of such data is a
limitation of this study.
This study also has other limitations. Research conducted on a single ethnic group does not reflect racial differences. In addition, because inflammation can affect cystatin C
levels and was not evaluated, its effect cannot be completely excluded. Body fluid retention might have influenced the
results of the body composition analysis. However, we tried
to exclude patients with volume overload or depletion, and
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the overhydration index of the study population was not
large. We used measurements taken at only one time point,
so we could not determine trends and changes in the serum cystatin C/Cr ratio. Because we used cross-sectional
data, the correlation between this index and long-term
outcomes could not be confirmed.
There is no dispute that combining exercise therapy with
adequate protein intake is an effective treatment for improving muscle mass and muscle strength [43–48]. However, no concrete and clear criteria or consensus has yet been
reached. Importantly, different levels of protein restriction
should be applied according to individual patient characteristics and risk factors [49]. If the risk of end-stage renal
disease progression is high, protein restriction should be
aggressive, and conversely, if the risk of sarcopenia is high,
protein restriction should be relaxed [50–52]. Therefore,
screening patients with NDD-CKD to find those with a high
risk of sarcopenia and then managing their risk factors,
diet, and exercise together is essential to improving their
clinical prognoses. The cystatin C/Cr ratio has an acceptable diagnostic value and measurement significance for
sarcopenia, low LTI, and low HGS. Therefore, it can be used
to screen and manage sarcopenia and thereby improve the
treatment of patients with CKD.
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Introduction
Coronavirus disease 2019 (COVID-19) is a disease caused
by infection with severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), which has affected nearly 4
billion people to date and caused about 6 million deaths
worldwide. Previous reports have determined that old age,
comorbidities, and an immunocompromised state can
increase the risk of death from COVID-19 [1–3]. Moreover,
patients with end-stage renal disease exhibit a higher mortality rate compared to the general population. A study by
a Belgian group recently reported the incidence, outcome,
and mortality burden of SARS-CoV-2 infection in the Flemish region. They documented higher incidence (5.3% vs.
0.6%) and mortality (29.6% vs. 15.3%) rates among patients
receiving hemodialysis (HD) compared to the general population [4]. Other recent studies from other countries have
determined the mortality rate of HD patients to be around
30% [5–7].
Meanwhile, the COVID-19 Task Force Team, established
under the Korean Society of Nephrology at the beginning
of the COVID-19 pandemic, has developed COVID-19
prevention guidelines for HD units [8,9]. Thanks to the
adherence to stringent primary prevention strategies in
Korea, the overall fatality rate of COVID-19 in the general
population has been lower than that in other countries
(0.8% vs. 1.5%) [10]. However, no study has evaluated the
mortality rate using a nationwide cohort database among
HD patients in Korea. Therefore, this study evaluated the
in-hospital fatality rate among Korean HD patients with
a COVID-19 diagnosis and compared it to that of patients
without chronic kidney disease (CKD). We also analyzed
risk factors associated with in-hospital fatality among
COVID-19–positive HD patients.

Methods
This study was approved by the Institutional Review Board
of Hallym University Kangnam Sacred Heart Hospital (No.
HKS 2021-07-013). The need to gather informed consent
was waived due to the retrospective nature of the study.
Data collection
From February 2020 to November 2021, clinical infor-
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mation as well as clinical outcomes of confirmed cases
of COVID-19 were collected from each HD unit every 6
months using a nationwide survey. The survey was sent to
each nephrologist to fill up the data, then returned to the
Korean Society of Nephrology COVID-19 Task Force Team
by e-mail. The clinical information of interest included patient age and sex; location and date of diagnosis; presence
and type of initial symptoms; duration of hospitalization;
admission to the intensive care unit (ICU); and use of mechanical ventilation (MV), continuous renal-replacement
therapy, or extracorporeal membrane oxygenation. We also
collected data about the type of dialysis unit and the presence of a nephrologist on staff at the dialysis unit.
We used the Korean COVID-19 nationwide database
available from Korea Disease Control and Prevention
Agency (KDCA) and excluded data of patients with CKD
to compare clinical outcomes between the non-CKD population and HD patients. Among 5,628 patients confirmed
to have COVID-19 up to April 30, 2020, a total of 5,570 patients were included in the current analysis as control subjects after excluding 58 patients with CKD.
Clinical outcome
First, we analyzed the in-hospital mortality rate and associated risk factors among HD patients confirmed to have
COVID-19. Then, we compared the in-hospital fatality rate
and composite outcome between HD patients and nonCKD patients. The composite outcome included in-hospital mortality, ICU admission, or MV application.
Statistical analyses
Statistical analyses were performed using IBM SPSS version 20.0 (IBM Corp., Armonk, NY, USA) and R version 4.0.2
(R Foundation for Statistical Computing, Vienna, Austria;
http://www.r-project.org/). The overall in-hospital fatality rate was calculated as the number of fatalities during
hospitalization/total number of admitted patients. Clinical
factors were compared between survivors and deceased
patients using the chi-square test and independent t test.
Kaplan-Meier curves were used to show the predicted survival between groups. A Cox proportional hazards model
was used to demonstrate independent risk factors for mortality after adjusting other factors. A p-value of <0.05 was
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considered statistically significant.
To compare the rate of in-hospital fatality and the composite outcome between non-CKD and HD patients, we
performed propensity score matching (PSM). Age and sex
were used for matching. The HD group was matched with
the non-CKD group at a ratio of 1:3. In these matched cohorts, comparisons between groups were conducted with a
paired t test, McNemar test, and the Wilcoxon signed-rank
test. We conducted a multivariable Cox regression analysis
to determine whether HD was an independent risk factor
for in-hospital mortality and the composite outcome. Model 1 included only age, sex, and HD, and model 2 included
the presence of initial symptoms in addition to the variables included in model 1.

Results
Clinical outcome among COVID-19–positive hemodialysis
patients
A total of 380 HD patients from 206 facilities were diagnosed with COVID-19 until November 15, 2021. The
mean age of these HD subjects was 66 years, with a male
predominance (61.4%). About 2/3 of the patients were

symptomatic upon initial diagnosis. Fever (49.5%) and
cough (25.7%) were the most common presenting symptoms (Table 1). A total of 85 patients died among the 380
HD patients during 21.7 ± 14.9 days of hospitalization. The
overall in-hospital fatality rate was 22.4% and even higher among those who were admitted to the ICU (64.7%).
Non-survivors were older (73.0 ± 11.9 years vs. 64.3 ± 12.7
years, p < 0.001) and more likely to have received HD therapy from a nursing hospital (37.3% vs. 20.8%, p < 0.001).
Non-survivors presented with shortness of breath more
frequently (43.6% vs. 17.4%, p < 0.001) and a sore throat
less frequently (2.6% vs. 10.0%). The in-hospital fatality
rate did not differ according to the presence of a nephrology specialist on staff at the HD unit.
The composite outcome occurred in 121 patients (31.8%),
stratified as 85 deaths, 102 admissions to ICU, and 49 cases
of MV. A total of 45 patients received continuous renal-replacement therapy, and five patients received extracorporeal membrane oxygenation. The patients with the composite outcome were older (70.2 ± 12.9 years vs. 64.4 ± 12.7
years, p < 0.001) (Supplementary Table 1, available online).
In addition, there were greater portions of symptomatic
patients (77.9% vs. 59.7%, p = 0.001) among those with
composite outcome, especially fever (61.9% vs. 42.7%, p =

Table 1. Factors associated with in-hospital mortality among hemodialysis patients with COVID-19
Factor
No. of patients
Age (yr)
Male sex
Symptom
Fever
Cough
Sputum
Sore throat
Rhinorrhea
Shortness of breath
Loss of consciousness
Hospital type
Private clinic
Nursing hospital
University hospital
Others
Presence of a nephrology specialist

Total
380
66.2 ± 13.0
231 (61.4)
211 (66.1)
158 (49.5)
82 (25.7)
44 (13.8)
26 (8.2)
16 (5.0)
76 (23.8)
6 (1.9)

Survivor
295
64.3 ± 12.7
181 (62.2)
152 (63.1)
113 (46.9)
60 (24.9)
30 (12.4)
24 (10.0)
15 (6.2)
42 (17.4)
3 (1.2)

Non-survivor
85
73.0 ± 11.9
50 (58.8)
58 (74.4)
45 (57.7)
22 (28.2)
14 (17.9)
2 (2.6)
1 (1.3)
34 (43.6)
3 (3.8)

161 (43.4)
91 (24.5)
60 (16.2)
59 (15.9)
290 (78.8)

141 (49.0)
60 (20.8)
43 (14.9)
44 (15.3)
229 (80.6)

20 (24.1)
31 (37.3)
17 (20.5)
15 (18.1)
61 (72.6)

p-value
<0.001
0.57
0.07
0.10
0.56
0.22
0.04
0.13
<0.001
0.16
<0.001

0.11

Data are expressed as number only, mean ± standard deviation, or number (%).
COVID-19, coronavirus disease 2019.
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0.001), sputum (18.6% vs. 11.2%, p = 0.07), and shortness of
breath (42.5% vs. 13.6%, p < 0.001).
Risk factors associated with in-hospital fatality among
COVID-19–positive hemodialysis patients
We analyzed the risk factors for in-hospital mortality
among HD patients (Fig. 1). Those patients aged ≥70 years
old demonstrated a greater risk of death during hospitalization (log-rank test, p < 0.001) (Fig. 1A). The mortality rate
did not differ between male and female patients (log-rank
test, p = 0.50) (Fig. 1B). Symptomatic patients experienced
poorer survival compared to asymptomatic patients (logrank test, p = 0.038) (Fig. 1C). Among specific symptoms,
shortness of breath was the only significant symptom re-

A

Age <70 yr
Age ≥70 yr

B
Survival probability

Survival probability

1.0

lated to in-hospital mortality (log-rank test, p < 0.001) (Fig.
1D).
When we performed the univariate Cox regression analysis, patient age, the presence of initial symptoms, and
shortness of breath were associated with in-hospital mortality (Table 2). We then performed multivariate Cox proportional modeling to define independent risk factors for
in-hospital mortality. When we adjusted patient age, sex,
and the presence of symptoms (model 1), the risk of death
increased by 1.5 times as the age increased by 10 years (p
< 0.001), and initially symptomatic patients showed a 72%
higher risk of death compared to asymptomatic patients (p
= 0.04). When we adjusted patient age; sex; and the presence of fever, sore throat, and shortness of breath in model
2, age (hazard ratio [HR], 1.433; 95% confidence interval
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Figure 1. Risk factors associated with in-hospital death among COVID-19–positive hemodialysis patients. (A) The patients aged
≥70 years showed a higher mortality rate compared to younger patients (p < 0.001). (B) The mortality rate did not differ according to
sex. (C) Patients with initial COVID-19–related symptoms showed a poorer survival rate compared to asymptomatic patients (p = 0.04).
(D) Among various COVID-19–related symptoms, SOB was the only independent factor associated with in-hospital mortality (p < 0.001).
COVID-19, coronavirus disease 2019; SOB, shortness of breath.
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Table 2. Cox proportional hazards model for in-hospital fatalities among hemodialysis patients
Variable
Age (/10 yr)
Male sex (vs. female)
Nursing hospital (vs. others)
Symptomatic (vs. asymptomatic)
Fever (vs. none)
Sore throat (vs. none)
Rhinorrhea (vs. none)
Shortness of breath (vs. none)

Unadjusted
HR (95% CI)
p-value
1.50 (1.23–1.82) <0.001
0.86 (0.56–1.33)
0.51
1.31 (0.84–2.06)
0.24
1.71 (1.02–2.88)
0.04
1.49 (0.95–2.34)
0.08
0.30 (0.07–1.24)
0.10
0.26 (0.04–1.83)
0.17
2.80 (1.79–4.38) <0.001

Model 1a
HR (95% CI)
p-value
1.50 (1.22–1.85) <0.001
0.94 (0.59–1.50)
0.80
–
–
1.73 (1.03–2.91)
0.04
–
–
–
–
–
–
–
–

Model 2b
HR (95% CI)
p-value
1.43 (1.17–1.76)
0.001
0.79 (0.49–1.26)
0.33
–
–
–
–
1.18 (0.73–1.89)
0.50
0.27 (0.06–1.11)
0.07
–
–
2.96 (1.82–4.82) <0.001

CI, confidence interval; HR, hazard ratio.
a
Adjusted for age, sex, and symptom status (vs. asymptomatic). bAdjusted for age, sex, fever, sore throat, and shortness of breath.

[CI], 1.168–1.759; p = 0.001) and the presence of shortness
of breath (HR, 2.964; 95% CI, 1.824–4.816; p < 0.001) were
independently related to in-hospital mortality.
The risks of in-hospital mortality and the composite outcome were higher in the hemodialysis population compared to the non-chronic kidney disease population
Clinical characteristics of 380 HD patients were compared to
those of 5,570 non-CKD patients with a COVID-19 diagnosis
(Table 3). The HD patients included a greater proportion
of elderly and male patients, but the proportions of symptomatic patients were similar between the groups. Among
symptomatic patients, fever, shortness of breath, and loss
of consciousness occurred more frequently in HD patients,
while cough, sputum, sore throat, and rhinorrhea were more
frequently experienced by the non-CKD population.
HD patients showed a higher in-hospital fatality rate
compared to that of the non-CKD population (22.4% vs.
4.1%, p < 0.001). The Kaplan-Meier curve showed a significantly lower 28-day in-hospital survival rate among HD
patients compared to the non-CKD population (Fig. 2). To
evaluate whether HD independently increased the mortality risk, we performed an age- and sex-matched multivariate Cox regression analysis. The baseline characteristics after PSM are presented in Supplementary Table 2 (available
online). In the unadjusted Cox regression analysis, patient
age, HD status, and an initially symptomatic status led to a
higher risk of in-hospital mortality (Table 4). After adjusting other factors, HD status remained an independent risk
factor for in-hospital death, leading to a two-fold higher

risk for death compared to that of the non-CKD population
(HR, 2.07; 95% CI, 1.56–2.75; p < 0.001 in model 2). Patients
receiving HD were at greater risk of death compared to
non-CKD patients when considering only those aged <70
years (Fig. 3A). Both male and female HD patients showed
a higher risk of death compared to their non-CKD counterparts (Fig. 3B).
The composite outcome occurred in 31.8% of the HD
population and 6.0% of the non-CKD population, respectively (p < 0.001) (Table 3). When we performed a multivariate Cox regression analysis for the composite outcome
(Table 4), HD status was the most potent risk factor for the
composite outcome (HR, 3.50; 95% CI, 2.56–4.77; p < 0.001).
In addition, HD status was an independent risk factor for
ICU admission and MV application (Table 4).

Discussion
This is the first Korean nationwide cohort study to reveal
the mortality risk and associated factors among COVID-19–
confirmed HD patients. Our study revealed that the in-hospital fatality rate was higher among HD patients compared
to non-CKD patients (22.4% vs. 4.1%). Old age and the
presence of shortness of breath at initial presentation were
associated with in-hospital fatality among HD patients.
After adjusting for patient age and sex, the risk of in-hospital death was 2.1 times higher in HD patients compared to
the non-CKD population. HD patients also had a 3.5-fold
greater risk of the composite outcome compared to nonCKD patients.
Our study compared the clinical outcomes of HD pa-
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Table 3. Comparison of clinical characteristics between non-CKD and HD patients with COVID-19
Age group (yr)
<10
10–19
20–29
30–39
40–49
50–59
60–69
70–79
≥80
Male sex
Symptom
Fever
Cough
Sputum
Sore throat
Rhinorrhea
Shortness of breath
Loss of consciousness
Clinical outcome
In-hospital fatality
ICU admission
MV application
Composite outcome

Total (n = 5,950)

Non-CKD (n = 5,570)

HD (n = 380)

p-value
<0.001

66 (1.1)
206 (3.5)
1,116 (18.8)
572 (9.6)
771 (13.0)
1,198 (20.1)
1,019 (17.1)
628 (10.6)
369 (6.2)
2,522 (42.4)
3,956 (67.2)
1,443 (24.5)
2,402 (40.8)
1,652 (28.1)
905 (15.4)
634 (10.8)
732 (12.4)
40 (0.7)

66 (1.2)
206 (3.7)
1,116 (20.0)
561 (10.1)
738 (13.2)
1,133 (20.3)
909 (16.3)
541 (9.7)
300 (5.4)
2,291 (41.1)
3,745 (67.2)
1,285 (23.1)
2,320 (41.7)
1,609 (28.9)
879 (15.8)
618 (11.1)
656 (11.8)
34 (0.6)

0 (0)
0 (0)
0 (0)
11 (2.9)
33 (8.8)
65 (17.3)
110 (29.3)
87 (23.2)
69 (18.4)
231 (61.6)
211 (66.1)
158 (49.5)
82 (25.7)
43 (13.5)
26 (8.2)
16 (5.0)
76 (23.8)
6 (1.9)

<0.001
0.73
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.02

310 (5.2)
280 (4.8)
66 (1.1)
455 (7.7)

225 (4.0)
178 (3.2)
17 (0.3)
334 (6.0)

85 (22.4)
102 (37.2)
49 (18.0)
121 (31.8)

<0.001
<0.001
<0.001
<0.001

Data are expressed as number (%).
CKD, chronic kidney disease; COVID-19, coronavirus disease 2019; HD, hemodialysis; ICU, intensive care unit; MV, mechanical ventilation.

tients and non-CKD patients hospitalized with COVID-19.
Kang et al. [11] also compared clinical outcomes between
CKD and non-CKD patients using Korean national claims
data; however, they only included 14 dialysis-dependent
CKD patients. Another study by Jung et al. [12] analyzed
outcomes of COVID-19 among patients on in-center HD,
but it did not compare outcomes between HD and nonCKD patients. Moreover, these authors also included small
numbers of HD patients. Therefore, our study is the first
study to report the in-hospital mortality rate and associated factors among a large number of HD patients and
to compare their clinical outcome with that of non-CKD
patients. A previous investigation from the United States
documented a higher in-hospital mortality rate among
patients with end-stage renal disease compared to those
without it (31.7% vs. 25.4%) [13]. Another study from China
showed that the mortality rate in maintenance HD patients
was as high as 39.2% [14]. Although it is difficult to compare
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unadjusted mortality rates directly across nations, the lower in-hospital fatality rate among Korean HD patients may
be due to strict prevention strategies and pre-symptomatic
screening [1]. In addition, the COVID-19 Task Force Team
was established under the Korean Society of Nephrology
from the very beginning of the epidemic to prevent secondary transmission of SARS-CoV-2 among HD patients
[9]. The COVID-19 Task Force Team not only published
a COVID-19 prevention guideline [8] but also proposed
adequate vaccination and treatment policies to the KDCA,
which resulted in lower rates of disease incidence and
mortality among HD units [15].
Previous studies have suggested the proportion of asymptomatic SARS-CoV-2 infection among HD patients
is approximately 25% [16,17]. Our study demonstrated a
higher prevalence of asymptomatic infection (33.9%) compared to previous studies. The reason for the higher prevalence of asymptomatic infection here would be the exten-
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Figure 2. Kaplan-Meier survival curve comparing 28-day in-hospital fatality rates between HD patients and non-CKD patients. HD
patients showed a higher in-hospital fatality rate compared to non-CKD patients (22.4% vs. 4.1%, p < 0.001). The Kaplan-Meier curve
revealed a significantly lower 28-day in-hospital survival rate among HD patients compared to non-CKD patients (p < 0.001).
CKD, chronic kidney disease; HD, hemodialysis.
Table 4. Cox regression analysis for clinical outcomes according to end-stage renal disease status
Unadjusted
HR (95% CI)
HD (vs. non-CKD) In-hospital fatality
2.00 (1.51–2.63)
ICU admission
7.43 (5.33–10.37)
MV application
29.76 (13.89–63.76)
Composite outcome 2.53 (1.93–3.32)
Variable

Outcome

p-value
<0.001
<0.001
<0.001
<0.001

Model 1a
HR (95% CI)
1.90 (1.44–2.51)
7.97 (5.66–11.24)
30.41 (14.15–65.36)
2.81 (2.11–3.75)

p-value
<0.001
<0.001
<0.001
<0.001

Model 2b
HR (95% CI)
2.07 (1.56–2.75)
8.45 (5.91–12.08)
29.88 (13.86–64.42)
3.50 (2.56–4.77)

p-value
<0.001
<0.001
<0.001
<0.001

CI, confidence interval; CKD, chronic kidney disease; HD, hemodialysis; HR, hazard ratio; ICU, intensive care unit; MV, mechanical ventilation.
a
Adjusted for age and sex. bAdjusted for model 1 + symptom status (vs. asymptomatic).

sive screening strategy of contact patients or patients under
investigation [8]. Our previous report also demonstrated a
higher prevalence of asymptomatic COVID-19 patients in
the general population [18]. Although mortality rates between symptomatic and asymptomatic patients did not differ in the general population (4.5% vs. 3.3%, p = 0.017) [18],
the in-hospital mortality rate was significantly higher for
symptomatic patients compared to asymptomatic patients
among those receiving HD (HR, 1.727; 95% CI, 1.025–2.912;

p = 0.04). As in previous studies, fever (49.5%) and cough
(25.7%) were the most common symptoms among HD
patients [5,19]. Our study revealed that old age and shortness of breath at initial presentation are the primary risk
factors for in-hospital mortality among HD patients, while
the presence of a sore throat is a protective factor. A recent
study by Jang et al. [20] also demonstrated that dyspnea
and altered mental status are high-risk symptoms, while
rhinorrhea and headache are low-risk symptoms among

www.krcp-ksn.org

597

Kidney Res Clin Pract 2022;41(5):591-600

A

B

Non-CKD
HD

50

40
Death rate (%)

Death rate (%)

40
30
20

**

**

**

10
0

Non-CKD
HD

50
*

**

Male

Female

30
20
10

30–39

40–49

50–59

60–69

70–79

≥80

0

Age (yr)

Sex

Figure 3. Comparison of in-hospital mortality rates between HD and non-CKD patients according to age and sex. (A) Patients aged
40 to 70 years on HD showed a significantly higher mortality rate than those in the non-CKD population. (B) Male and female HD patients showed higher mortality rates compared to those in the non-CKD population. *p < 0.05, **p < 0.001.
CKD, chronic kidney disease; HD, hemodialysis.

patients with COVID-19.
As seen in the general population, old age was the risk
factor for patient mortality. Patients aged ≥70 years showed
a high mortality rate in both the HD (35.3%) and non-CKD
(24.4%) populations (p > 0.05). However, relatively younger
patients aged 40 to 69 years showed a higher mortality rate
among HD patients compared to the non-CKD population
(Fig. 3A). This may be related to the greater presence of comorbidities, such as diabetes, cerebrovascular disease, or
heart failure, among HD patients. Previous studies showed
that age and the presence of comorbidities are the two
most important risk factors for COVID-19–related mortality
[1,3]. Unfortunately, we could not adjust comorbidities as
the main confounders in our study since we did not collect
comorbidity data through the survey.
Previous studies have demonstrated well that male patients experience poorer clinical outcomes compared to
female patients [1,4,11]. Unlike in other studies, however,
there was no difference in the mortality rate between sexes
in our study. The possible explanation for this may be that
our female patients were older than our male patients (68.4
± 13.2 years vs. 64.8 ± 12.8 years, p = 0.009). Therefore, the
male and female patients in our cohort may present different baseline characteristics that may diminish the mortality difference between sexes.
Our study has several limitations. First, we collected data
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using a survey, not via systematic data collection. Therefore, there are much missing data, especially on treatment
modality and the presence of symptoms. In addition, we
could not calculate the incidence of COVID-19 infection
among HD patients since this study was not based on national registry data but instead on results of a self-report
survey. Second, we only analyzed the in-hospital mortality
rate but not the long-term overall mortality rate. In addition, the period of data collection differed between HD and
non-CKD patients (January 2020 to April 2020 for the nonCKD population and February 2020 to November 2021 for
HD patients). Since the dominant viral variant changed
over time, the overall mortality rate in HD patients may be
under-estimated. Third, we did not collect comorbidities
or laboratory data, which are known to be major factors affecting patient mortality. Finally, we could not analyze the
effect of vaccination since data about individual vaccination history were not collected during the study period.
In conclusion, HD patients have a higher risk of in-hospital mortality and severe COVID-19 outcomes. Older HD
patients and those with initial symptoms should be more
closely monitored.
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Ambient carbon monoxide correlates with mortality risk
of hemodialysis patients: comparing results of control
selection in the case-crossover designs
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Background: Growing evidence suggests that environmental air pollution adversely affects kidney health. To date, the association between carbon monoxide (CO) and mortality in patients with end-stage renal disease (ESRD) has not been examined.
Methods: Among 134,478 dialysis patients in the Korean ESRD cohort between 2001 and 2014, 8,130 deceased hemodialysis patients were enrolled, and data were analyzed using bidirectional, unidirectional, and time-stratified case-crossover design. We examined the association between short-term CO concentration and mortality in patients with ESRD. We used a two-pollutant model, adjusted for temperature as a climate factor and for nitrogen dioxide (NO2), sulfur dioxide (SO2), ozone (O3), and particulate matter less
than 10 μm in diameter as air pollution variables other than CO.
Results: Characteristics of the study population included age (66.2 ± 12.1 years), sex (male, 59.1%; female, 40.9%), and comorbidities (diabetes, 55.6%; hypertension, 14.4%). Concentration of CO was significantly associated with all-cause mortality in the three
case-crossover designs using the two-pollutant model adjusted for SO2. Patients with diabetes or age older than 75 years had a higher risk of mortality than patients without diabetes or those younger than 75 years.
Conclusion: Findings presented here suggest that higher CO concentration is correlated with increased all-cause mortality in hemodialysis patients, especially in older high-risk patients.
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Introduction

Methods

Ambient air pollution is comprised of a variety of factors.
Since 1990, both morbidity and mortality have been continuously increasing due to air pollution. In 2015, the number
of deaths caused by exposure to particulate matter with
aerodynamic diameter less than 2.5 μm (PM2.5) was estimated at 4.2 million, and it was the fifth-ranking mortality risk
factor [1]. Interest in premature death due to PM2.5, ozone
(O3), and carbon monoxide (CO) exposure has increased
remarkably. PM2.5 and O3 exposure has been reported to
be the cause of preventable deaths in Southeast Asia, and
research predicts that this impact will more than double by
2050 [2].
A linear relationship between PM2.5 concentration and
the risk of incident chronic kidney disease (CKD) and
progression to end-stage renal disease (ESRD) has been
observed [3]. Recent studies have drawn attention to the
increased risk of chronic disease caused by exposure to
atmospheric CO. A time-series study conducted on the
elderly population older than 65 years in the United States
reported that short-term exposure to CO increased the risk
of emergency hospitalization for cardiovascular disease
[4]. A case-crossover study conducted on individuals belonging to similar age groups across seven Australian cities
showed similar results [5]. An increase of 10 ppm in CO
level elevated the relative risk of heart failure by 1.37-fold,
while a 1 mg/m3 increase in CO level was associated with
increased all-cause mortality and cardiovascular mortality
[6–8]. In a large-scale cohort study conducted in the United States, higher CO concentration was associated with
decreased glomerular filtration rate and increased risk of
CKD and ESRD progression, similar to that observed in
other studies [9].
However, few studies have examined the correlation
between air pollution and prognosis of the dialysis-dependent population. It is difficult to ascertain the impact of air
pollution on health. Here, we conducted a case-control
design study to overcome the limitations of time-series
studies and confirm the transient and acute effects of causative factors in epidemiological studies. We analyzed the
association between atmospheric CO concentration and
mortality risk in patients undergoing hemodialysis.

Kidney Dialysis Registry of the Korean Society of Nephrology and study population

602

www.krcp-ksn.org

We used the Kidney Dialysis Registry database of the Korean Society of Nephrology (KSN), in which two-thirds of
all dialysis patients in South Korea are registered. Included
subjects were deceased patients who underwent maintenance hemodialysis and whose address information could
be confirmed. From 2001 to 2014, we enrolled 8,130 deceased hemodialysis patients from the KSN [10]. The KSN
registry has been used in various studies of dialysis patients
in South Korea. The registry includes basic demographic information such as age and sex and information on
underlying disease including hypertension and diabetes
mellitus, causative diseases of ESRD, laboratory findings,
dialysis adequacy, and currently applied dialysis modality
[11].
Ethics consideration
Ethical approval was obtained from the Institutional Review Board of Seoul National University Hospital (No.
H-2004-048-1116). All methods were performed in accordance with the relevant guidelines and regulations of the
Declaration of Helsinki and received full internal approval.
Variable ambient air pollution data, including CO concentration
Information on air pollution and climate (temperature), including CO concentration, during the study period (2001–
2014) was collected from 89 monitoring sites located within
seven cities and aggregated. Data included concentrations
of CO, nitrogen dioxide (NO2), sulfur dioxide (SO2), O3, and
particulate matter less than 10 μm in diameter (PM10). All
data except O3 concentration were described as average
values over 24 hours. The maximum value was reported for
O3 level. All data were obtained from the Korean National
Institute of Environmental Research. Collected data about
weather and air pollution were used in the same manner
as in the study population [12].

Huh, et al. Carbon monoxide and hemodialysis patients

Study design
We applied case-crossover designs with different control period selections as shown in Fig. 1. Three models of
case-crossover design that included bidirectional, unidirectional, and time-stratified designs were used to estimate
the association between short-term exposure to CO and
mortality risk in hemodialysis-dependent patients by comparing the respective control selections. This statistical
method evaluates the risk of exposure factors by comparing exposure levels in the period when the event occurred
(case period) with that when it did not occur (control period) to reduce the influence of uncontrolled confounding
factors between subjects. As the case and control subjects
are identical, the effects of age, sex, genetic predisposition,
socioeconomic status, and seasonality are controlled [13–
15]. Subject death was defined as the case period.
The first design was the bidirectional method, which is
a two-to-one matched case-control study that sampled
control periods as the exposure 7 days before and 7 days

after the date of the event. The second design was the unidirectional method, which was selected as the exposure 7
days before (pre-) or 7 days after (post-) the event day. The
third design was a time-stratified design matched on the
day of the week, which was selected with a 3-day exclusion
period around the event day in the same month. Pollutant
concentrations on the day of the event (lag 0) up to the previous 10 days (lag 10) were used to determine the exposure
pattern with the strongest association. Daily CO concentrations during the case and control periods were compared
between the three case-crossover designs. We mainly used
a two-pollutant model, adjusted for temperature as a climate factor and adjusted for SO2, NO2, O3, and PM10 as air
pollution variables other than CO.
Statistical analyses
We used conditional logistic regression analysis via the
Cox proportional hazard function for analysis. Data are expressed as the odds ratio (OR) and 95% confidence interval

Bidirectional

Control period

Control period

Control period

Control period

Control period

Unidirectional
(pre)

Control period

Control period

Unidirectional
(post)

Control period

Control period

Control period

Control period

Control period

Control period

Control period

Control period

Control period

Control period

Control period

Control period

Control period

Control period

Control period

Control period

Control period

Control period

Time-stratified
(pre)

Time

Figure 1. Comparison of the case-crossover designs. We conducted bidirectional, unidirectional (pre), unidirectional (post), and
time-stratified case-crossover studies that sampled control periods as the exposure 7 days before and 7 days after the event day (hemodialysis death).
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(95% CI). The conditional logistic model can be simplified
by the following formula after matching for time-invariant
individual risk factors:

log

pij
= α1 + β1 × carbon monoxideij +
1 – pij

β2 × temperatureij + β3 × air pollutantsij
In this model, β1, β2, and β3 represent the vectors whose
components denote the log odds of mortality associated
with CO, temperature, and other air pollutants, respectively, as confounders. Using the formula above, Yij є {0,1}
represents the case status (case = 1, control = 0) of the jth
observation of the ith strata, where αi is the constant term of
ith strata. The ambient temperature, which is a stationary
confounding factor, and air pollutants (PM10, NO2, SO2, and
O3) were incorporated into each model. The CO effect was
estimated based on its single lag daily mean, and we examined the association with single-day lags (from lag 1 to lag
10) and multiday lags (moving average lag 0–1 to lag 0–10).

Results
Baseline characteristics of the deceased
We identified death events of 8,130 hemodialysis patients
between 2001 and 2014 in seven metropolitan cities in
South Korea. The average age at death was 66.21 ± 12.13
years, and the proportion of males was 59.1%. The prevalence of diabetes and hypertension was 55.6% and 35.5%,
respectively. The most common causative diseases of ESRD
were diabetes (55.8%) and hypertension (14.4%), with unknown causative disease in 13.1% of cases. Excluding “others,” cardiovascular disease (35.5%) was the most common
cause of death, followed by infection (20.3%) (Table 1). The
numbers of deaths during the study period according to
the city and information on climate and air pollution are
presented in Table 2. In Seoul, Daegu, and Daejeon, CO
concentrations of 1.002, 1.025, and 1.096 ppm, respectively,
were found to be above the 90th percentile.
Effect of CO exposure on mortality of hemodialysis patients
In the single-pollutant model, we found a significant as-
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sociation between CO exposure and all-cause mortality
(bidirectional: OR, 1.20 [95% CI, 1.04–1.39]; unidirectional:
OR, 1.45 [95% CI, 0.95–1.38]; and time-stratified: OR, 1.19
[95% CI, 1.02–1.38]). In the two-pollutant model adjusted
for temperature and other air pollutants including SO2 and
PM10, there was a significant association between CO exposure and all-cause mortality (Table 3). Associations were
observed in the three case-crossover designs (bidirectional: OR, 1.45 [95% CI, 1.21–1.75], p < 0.001; unidirectional:
OR, 1.44 [95% CI, 1.13–1.83], p = 0.003; and time-stratified: OR, 1.44 [95% CI, 1.18–1.76], p < 0.001) in the model
adjusted for SO2. Moreover, patients with comorbidities
(diabetes) and older age (>75 years) had higher mortality
after CO exposure in the model adjusted for SO2. Patients
with diabetes (bidirectional: OR, 1.42 [95% CI, 1.11–1.81],
p = 0.005; unidirectional: OR, 1.53 [95% CI, 1.11–2.12], p =
Table 1. Baseline characteristics of the study population (2001–
2014)
Characteristic
Overall
Sex
Male
Female
Age at death (yr)
<75
≥76
Body mass index (kg/m2)
Male
Female
Comorbidity
Diabetes
Hypertension
Cause of kidney disease
Diabetes
Hypertension
Glomerulonephritis
Others
Unknown
Cause of death
Cardiovascular disease
Peripheral vessel disease
Infection
Cancer
Others

Deceased
8,130
4,804 (59.1)
3,326 (40.9)
66.21 ± 12.13
6,323 (77.8)
1,807 (22.2)
20.78 ± 3.71
20.80 ± 3.82
4,519 (55.6)
2,885 (35.5)
4,519 (55.6)
1,179 (14.4)
667 (8.2)
715 (8.8)
1,062 (13.1)
2,887 (35.5)
359 (4.4)
1,653 (20.3)
446 (5.5)
2,785 (34.3)

Values are presented as number only, number (%), or mean ± standard
deviation.
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Table 2. Descriptive information on environmental variables and all-cause mortality during the study period
Variable
Number of deaths (all-cause mortality)
Number of monitoring sites
Sunlight (hr)
50 Percentiles
90 Percentiles
Temperature (°C)
50 Percentiles
90 Percentiles
Humidity (%)
50 Percentiles
90 Percentiles
PM10 (µg/m2)
50 Percentiles
90 Percentiles
CO (ppm)
50 Percentiles
90 Percentiles
NO2 (ppm)
50 Percentiles
90 Percentiles
SO2 (ppm)
50 Percentiles
90 Percentiles
O3 (ppm)
50 Percentiles
90 Percentiles

Seoul
4,081
27

Busan
1,074
16

Daegu
711
11

City
Incheon
876
11

6.00
10.20

7.30
10.80

7.20
10.80

7.10
10.90

6.20
10.40

6.40
10.60

7.20
10.70

14.40
25.40

15.90
25.20

15.65
26.80

13.90
24.60

15.30
26.00

14.30
25.40

15.40
25.70

61.00
81.30

63.90
85.58

57.90
79.28

69.10
89.00

67.30
84.10

67.50
85.10

64.80
83.80

51.26
96.37

50.37
88.49

50.18
88.49

52.53
93.26

45.20
86.95

43.95
81.10

45.32
80.43

Gwangju
629
5

Daejeon
486
6

Ulsan
273
13

0.607
1.002

0.473
0.786

0.604
1.025

0.596
0.958

0.597
0.976

0.588
1.096

0.479
0.772

0.037
0.056

0.024
0.037

0.026
0.041

0.028
0.046

0.023
0.035

0.021
0.035

0.020
0.031

0.005
0.008

0.006
0.009

0.005
0.01

0.007
0.011

0.004
0.006

0.004
0.008

0.006
0.010

0.053
0.087

0.056
0.087

0.051
0.086

0.055
0.089

0.048
0.075

0.018
0.035

0.024
0.037

CO, carbon monoxide; NO2, nitrogen dioxide; O3, ozone; PM10, particulate matter less than 10 μm in diameter; SO2, sulfur dioxide.

Table 3. Comparison of results in case-crossover designs to study the association between carbon monoxide exposure and all-cause
death in hemodialysis patients
Case-crossover design
Bidirectional (2 wk)

Unidirectional (pre)

Time-stratified (matched)

Criteria
Beta
SE
OR (95% CI)
p-value
Beta
SE
OR (95% CI)
p-value
Beta
SE
OR (95% CI)
p-value

Model 1
0.374
0.095
1.45 (1.21–1.75)
<0.001
0.365
0.123
1.44 (1.13–1.83)
0.003
0.366
0.101
1.44 (1.18–1.76)
<0.001

Model 2
0.237
0.078
1.27 (1.09–1.48)
0.002
0.204
0.010
1.23 (1.02–1.48)
0.04
0.267
0.110
1.31 (1.12–1.53)
0.02

Model 3
0.235
0.080
1.29 (1.10–1.50)
0.001
0.214
0.102
1.24 (1.01–1.51)
0.04
0.214
0.102
1.25 (1.06–1.47)
0.04

CI, confidence interval; OR, odds ratio; SE, standard error.
Model 1: two-pollutant model adjusted for confounders of temperature and sulfur dioxide (SO2); Model 2: two-pollutant model adjusted for confounders
of temperature and particulate matter less than 10 μm in diameter (PM10); Model 3: three-pollutant model adjusted for confounders of temperature, SO2,
and PM10.
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0.01; and time-stratified: OR, 1.52 [95% CI, 1.17–1.97], p =
0.002) or those aged >75 years (bidirectional: OR, 1.45 [95%
CI, 1.14–1.84], p = 0.002 and time-stratified: OR, 1.44 [95%
CI, 1.12–1.86], p = 0.005) had higher risks of mortality than
patients without diabetes or individuals aged <75 years
(Table 4). Control time sampling had significant differences, with bidirectional sampling of control time having the
smallest p-value compared with the other two designs.
The effect of CO on all-cause mortality in hemodialysis
patients showed similar results in the two-pollutant model
adjusted for PM10. In addition, patients with diabetes had
higher risk of mortality than patients without diabetes in
the two-pollutant model adjusted for PM10. Furthermore,
in the three-pollutant model adjusted for SO2 and PM10, we
observed a significant effect of CO in the case-crossover designs (bidirectional: OR, 1.29 [95% CI, 1.10–1.50]; unidirectional: OR, 1.24 [95% CI, 1.01–1.51]; and time-stratified: OR,
1.25 [95% CI, 1.06–1.47]). We found a similar association
of CO with all-cause mortality in the other two-pollutant
models adjusted for NO2 and O3, respectively (Supplementary Table 1, available online).
We performed subgroup analysis to identify mortality risk
according to factors related to hemodialysis, and patients
with anemia (hemoglobin of <10 mg/dL) had increased
risk of mortality (bidirectional: OR, 1.57 [95% CI, 1.12–2.22]
and time-stratified: OR 1.49 [95% CI, 1.03–2.15]). However,
there was no increased risk of mortality according to blood
pressure or dialysis adequacy (Supplementary Table 2,

available online). For sensitivity analysis, we performed
further analysis according to cause of death. Similar to the
risk of all-cause mortality, increased risks of cardiovascular and infection-related mortalities were observed in the
two-pollutant model adjusted for PM10 (Supplementary
Table 3, available online).
Moving average
The moving average from lag 10 to the event day (death) is
shown in Fig. 2. The moving average in the three case-crossover designs was compared. In the case-crossover design
adjusted for daily SO2 concentration, there was a significant
association between CO exposure and mortality observed
6 days (bidirectional), 4 days (time-stratified), and 8 days
(unidirectional) before the event (Supplementary Table 4,
available online). We observed a short lag effect of CO exposure throughout the moving average.

Discussion
Air pollution is a global economic burden as it is known to
directly increase morbidity and mortality in humans in addition to impact the climate and environment. The effects
of air pollution on cardiovascular and respiratory disease,
including stroke, have been studied [16–18]. Among the
air pollutants, CO concentration varies according to region
and season, although it is known to be higher in urban

Table 4. Subgroup analysis stratified by variables, including factors related to hemodialysis
Variable
Diabetes
Bidirectional
Unidirectional (pre)
Time-stratified (matched)
Elderly (>75 yr)
Bidirectional
Unidirectional (pre)
Time-stratified (matched)
Hemoglobin < 10 mg/dL
Bidirectional
Unidirectional (pre)
Time-stratified (matched)

Model 1

p-value

Model 2

p-value

1.42 (1.11–1.81)
1.53 (1.11–2.12)
1.52 (1.17–1.97)

0.005
0.01
0.002

1.25 (1.02–1.53)
1.33 (1.06–1.65)
1.31 (1.07–1.59)

0.03
0.04
0.02

1.45 (1.14–1.84)
1.34 (0.98–1.83)
1.44 (1.12–1.86)

0.002
0.07
0.005

1.21 (0.87–1.70)
1.11 (0.68–1.63)
1.15 (0.81–1.63)

0.28
0.61
0.11

1.57 (1.12–2.2)
1.30 (0.83–2.0)
1.49 (1.03–2.2)

0.01
0.24
0.03

1.16 (1.11–2.20)
1.42 (0.91–2.22)
1.60 (1.11–2.30)

0.01
0.12
0.01

Data are expressed as odds ratio (95% confidence interval).
Model 1: two-pollutant model adjusted for confounders of temperature and sulfur dioxide; Model 2: two-pollutant model adjusted for confounders of temperature and particulate matter less than 10 μm in diameter.
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Figure 2. Odds ratios of all-cause death associated with carbon monoxide exposure. The moving average (MA) from 10 days before
to the event day (death, D-day) are highlighted and compared in the three case-crossover designs using two-pollutant models adjusted
for confounders of temperature and air pollutant (PM10, SO2).
CI, confidence interval; PM10, particulate matter less than 10 μm in diameter; SO2, sulfur dioxide.
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areas [19]. A number of studies have been conducted on
the effects of short-term exposure to elevated CO levels in
patients with chronic diseases [20]. These effects have also
been studied in patients with CKD; however, few studies on
the effects of CO exposure on dialysis patients have been
conducted.
To examine the association between short-term CO exposure and all-cause mortality in hemodialysis patients,
we used three model case-crossover designs that can significantly reduce the impact of confounding factors. Moreover, we compared the results of various selection schemes
in the case-crossover design and found no difference in the
association between CO exposure and death in hemodialysis patients. Among patients undergoing hemodialysis,
mortality risk was higher in those with diabetes or those
aged >75 years. Our study showed that short-term exposure to elevated ambient CO level can increase the risk of
death in patients with ESRD, with older adults and those
with concomitant diabetes being more susceptible. The
moving average is commonly used with time-series data to
smoothen short-term fluctuations. The results suggest that
CO has a mediating effect on the death of hemodialysis patients. A study conducted in South Korea using case-crossover time-stratified analysis demonstrated a correlation
between CO exposure and cardiovascular and all-cause
mortality in those with manual occupations or aged 65 to
74 years [21]. A 2-year prospective observational study of
256 elderly hemodialysis patients in Taipei showed that
the risk of stroke and cardiovascular disease was higher in
patients living in areas with severe air pollution or in those
with lower serum albumin level. Researchers have attributed this to protein-energy wasting syndrome [22]. In Australia, an analysis using a case-crossover model involving
1,158,891 patients found that the elderly (aged >65 years)
had an increased risk of hospitalization for all types of cardiovascular disease [5]. These findings are consistent with
our results, which showed that elderly patients are vulnerable to outcomes caused by short-term exposure to elevated
CO concentration. Although the type of cardiovascular
disease could not be identified, the main causes of death in
our study subjects were cardiovascular disease and infection. Consistent with previous studies on the risks of cardiovascular disease, our study demonstrates the potential
for increased risk of cardiovascular disease in hemodialysis
patients due to CO exposure.
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There are many hypotheses about the mechanism by
which ambient CO affects the organs in the human body.
It has been reported that exposure to CO concentration
much higher than ambient increases carboxyhemoglobin
level, resulting in myocardial ischemia [23]. With regard to
CO poisoning, a correlation between reduction in ejection
fraction and degree of CO exposure has been observed [24].
Some studies have also found an increased risk of longterm arrhythmia after CO poisoning [25]. The first mechanism to be considered is that the binding capacity of CO to
hemoglobin is more than 200 times higher than that of oxygen [26]. There is a possibility that organ ischemia can occur due to elevated carboxyhemoglobin level in a vulnerable group with cardiovascular risk. Although the study was
conducted on peritoneal dialysis patients, researchers suggested a relationship between CO exposure and secondary
hyperparathyroidism [27]. Considering studies that show a
correlation between CO exposure and uremic pruritus [28],
it is highly likely that CO exposure has an additional effect
on ESRD patients.
Although most studies on air pollution and risk of infection have focused on the relationship between fine particulate matter and respiratory infection, air pollution has
also been shown to be associated with peritoneal-related
infections and pneumonia [29]. Some investigators have
proposed mechanisms for adverse responses, including
cardiac dysfunction, CO-dependent reactive oxygen signaling events, and interference with homeostasis [30]. A
recent hypothesis is that exposure to air pollutants through
the respiratory tract stimulates the lung autonomic nervous
system (ANS), leading to oxidative stress that causes ANS
imbalance and systemic vasculature damage, including the
heart [31]. However, contrary to these theories, there are
also claims that CO has a protective effect. Researchers in
Hong Kong found that exposure to CO reduces the risk of
hospitalization for respiratory infections [32]. In addition,
animal studies have reported a protective effect of CO exposure against acute kidney injury and sepsis [33,34].
The method used in our study has the advantage of
low risk of bias as the influence of confounding factors is
reduced. In addition, the results were compared in three
models. However, our study has some limitations. We accounted for known confounders but could not exclude the
possibility of residual confounders (either those unmeasured or unknown). Our database did not contain informa-
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tion on time spent in traffic or outdoors, which can result
in misclassification of exposure.
In conclusion, our findings are consistent with the notion
that limited exposure to CO is associated with various adverse outcomes and high mortality in patients with ESRD
dependent on hemodialysis. These results suggest that
avoidance of CO exposure could be correlated with survival benefit among hemodialysis patients and provide an
important clue to improve patient survival.
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Background: Patients undergoing hemodialysis are susceptible to sarcopenia. As intracellular reservoirs of water, skeletal muscles
are important contributors to intradialytic hypotension. This study was designed to determine the role of skeletal muscle mass in intradialytic hypotension.
Methods: In a cross-sectional study, the body composition of 177 patients was measured immediately after hemodialysis using bioelectrical impedance analysis. The parameters measured were skeletal muscle mass, intracellular and extracellular water contents,
total body water, and cell-membrane functionality (in phase angle at 50 kHz). Data from laboratory tests, chest radiography, measurements of handgrip strength and mid-arm circumference, and questionnaires were collected. The main outcome was intradialytic hypotension, defined as more than two episodes of hypotension (systolic blood pressure of <90 mmHg) with intervention over the 3
months following enrollment. Logistic regression models including each parameter related to sarcopenia were compared with a clinical model.
Results: Patients with a low ratio of skeletal muscle mass to dry body weight (SMM/WT) had a higher rate of intradialytic hypotension
(40.7%). Most low-SMM/WT patients were female, obese, diabetic, and had a lower handgrip strength compared with the other patients. In the high-SMM/WT group, the risk of intradialytic hypotension was lower, with an odds ratio of 0.08 (95% confidence interval
[CI], 0.02–0.28) and adjusted odds ratio of 0.06 (95% CI, 0.01–0.29).
Conclusion: Measurement and maintenance of skeletal muscle can help prevent intradialytic hypotension in frail patients undergoing
hemodialysis.
Keywords: Body composition, Hypotension, Renal dialysis, Sarcopenia
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Introduction

Methods

Patients undergoing hemodialysis who experience intradialytic hypotension (IDH) reportedly have higher risk of allcause mortality, myocardial infarction, and hospitalization
[1,2]. A recent meta-analysis found that approximately 5%
to 12% of patients undergoing hemodialysis experience
IDH [3]. High ultrafiltration, decreased cardiac compensation, and autonomic dysfunction are possible pathophysiological mechanisms of IDH [4]. IDH occurs when the
plasma volume removed during hemodialysis exceeds the
refilling rate, which is determined largely by the interstitial
volume. Due to the characteristics of patients undergoing
hemodialysis, particularly with respect to age, nutritional
status, and inflammation status [5], these patients tend to
have less muscle mass and can show variable transcellular
shifts. Therefore, each individual must decide the appropriate dry body weight to prevent IDH. Previous studies
have suggested a relationship between body composition
and IDH [6]; however, evidence is needed in terms of sarcopenia.
As people age, body composition changes as muscle mass
decreases and adipose tissue increases. Sarcopenia begins with loss of muscle function, such as muscle strength,
muscle power, or physical performance, which correlates
well with prognosis [7,8]. The European Working Group on
Sarcopenia in Older People recently defined sarcopenia
as a combination of decreased muscle mass, low muscle strength, and poor physical performance. Sarcopenia
correlates with obesity due to shared pathophysiological
mechanisms, such as metabolic adaptations, stimulation of
fat infiltration into muscle, and hormonal changes [9].
Among the various ways to measure skeletal muscle
mass, bioelectrical impedance analysis (BIA) has several strengths: it can measure several components of body
composition, it is administered at the bedside, and it does
not involve a radiocontrast technique [10,11]. Previous
studies have shown that BIA can be used clinically to determine the required amount of ultrafiltration during hemodialysis to reach dry body weight, which leads to superior
outcomes [12,13]. The aim of this study was to investigate
the importance of skeletal muscle mass in IDH.

Ethical approval
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The study protocol was approved by the Institutional Review Boards of Ajou University Hospital (No. AJIRB-MEDSUR-16-128) and Seoul National University Bundang Hospital (No. B-2006/619-305). Written informed consent was
obtained from all participants or a legal guardian, when
applicable.
Study design
Body composition was measured by BIA immediately after
hemodialysis on the day of regular blood examination in
the month of enrollment. Skeletal muscle mass, intracellular and extracellular water contents, total body water, and
cellular-membrane functionality (phase angle at 50 kHz)
were measured. We then collected details regarding IDH
events for the next 3 months.
Setting and participants
Patients who started maintenance hemodialysis at least 3
months before study onset were enrolled at three dialysis
centers in 2016 and one center in 2020. In 2016, one center
was a tertiary hospital, and the other two were local dialysis clinics, whereas in 2020, the dialysis center belonged to
another tertiary hospital in South Korea.
Adults undergoing maintenance hemodialysis for more
than 3 months who agreed to participate in this study
and could understand and answer questionnaires were
enrolled. To avoid potential risks associated with BIA measurement techniques, pregnant women, patients who had
implanted electronic medical devices such as pacemakers
or cardioverters, those with liver cirrhosis, and anyone receiving chemotherapy for solid cancer was excluded.
Among the 260 patients undergoing maintenance hemodialysis, 72 were excluded due to refusal to sign an agreement, the inclusion/exclusion criteria, hospitalization
during enrollment, or short duration of hemodialysis (≤3
months). Eleven patients dropped out after enrollment (Fig.
1). A total of 177 patients, including 143 patients in 2016
and 34 patients in 2020, was analyzed. They were ranked
by ratio of skeletal muscle mass (measured by BIA) to dry
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Enrollment in 2016

82 Patients from
Ajou University Hospital

45 Patients from
Myoung Clinic

Enrollment in 2020

73 Patients from
Choi's Medical Clinic

60 Patients from Seoul National
University Bundang Hospital

200 Patients undergoing
maintenance hemodialysis

22 Excluded
1 Aged under 18 yr
4 By exclusion criteria
1 Liver cirhosis
3 Pacemaker insertion
17 Refused to participate

50 Excluded
19 In exclusion criteria
9 Liver cirrhosis
5 Solid cancer on chemotherapy
4 Psycholigic diseases
1 Pacemaker insertion
3 Short duration of hemodialysis
10 On admission
18 Refused to participate

4 Dropped out during the study
period
1 Died
2 Kidney transplantation
1 Admission for work-up for
kidney transplantation

150 Patients measured
cytokines in serum samples
7 Drop-out during the study period
2 Died
2 Kidney transplantation
3 Transfer to another hospital
143 Patients were included
in analysis

34 Patients were included in
analysis

177 Patients were analyzed

Figure 1. Study enrollment.

body weight (SMM/WT) and divided into three groups
(low-, middle-, and high-SMM/WT). Dry body weight was
calculated by subtracting the amount of ultrafiltration from
the pre-hemodialysis body weight.

data showed similar distributions for each parameter, and
all parameters for participants were analyzed.

Variables

Measurements were performed at baseline and at 3
months. At baseline, data on clinical characteristics, physical examinations including handgrip assessment, mid-arm
maximal circumference, triceps skinfold thickness, medication data, Tilburg frailty questionnaires, Patient-Generated Subjective Global Assessment (PG-SGA) nutritional
questionnaires, N-terminal prohormone of brain natriuretic peptide (NT-proBNP) tests, chest radiographs, and
BIA were collected. Medications for hypertension were

The primary outcome was recurrent IDH, defined as more
than two episodes of hypotension (systolic blood pressure [SBP] of <90 mmHg) requiring interventions such as
reducing the amount of ultrafiltration; administration of
mannitol, albumin, or saline loading; and discontinuation
of the dialysis session [14]. Outcomes were verified against
electronic medical records after each dialysis session. The

Measurements
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transformed to an equivalent dose. At 3 months, medication data and any history of adverse events were recorded.
The cardiac index was calculated as mediastinal width
divided by chest width on chest radiography. A Jamar hand
dynamometer (JAMAR@Hand Dynamometer; Patterson
Medical, Ltd., Sutton-in-Ashfield, UK) was used by one
researcher to assess patient grip strength in the absence of
an arteriovenous fistula. Measurements were performed
according to a unified protocol with the patient in a seated
position, with shoulders adducted and neutrally rotated,
and the wrist angle between 0° and 30°. A multifrequency
bioelectrical impedance spectroscopy analyzer (Inbody
S-10; Inbody, Seoul, Korea) was used to measure the reactance or impedance at five frequencies between 5 and
1,000 kHz. All BIA measurements were performed immediately after hemodialysis on the midweek day. Each BIA
measurement used four electrodes, one on each limb. The
duration of the measurements was approximately 1 to 2
minutes. During BIA assessment, patients were in a seated
or supine position and remained still. Raw impedance data
and calculated data on body composition of extracellular
and intracellular water contents, total body water, and
skeletal muscle mass were obtained. Using criteria set by
the Asian Working Group [7], sarcopenia was defined as
both low handgrip strength (HGS) and low skeletal muscle
mass. Low skeletal muscle mass was defined as a ratio of
appendicular skeletal muscle mass (measured by BIA) to
squared height of ≤7.0 kg/m2 in males and ≤5.7 kg/m2 in
females. The criterion for low HGS was ≤28 kg•f in males
and ≤18 kg•f in females. Only patients with low HGS were
classified as having possible sarcopenia [7].

confounders of age, sex, diabetes mellitus, cardiovascular
diseases including chronic heart failure and ischemic heart
disease, cardiac index, and the percentage of the amount of
ultrafiltration (kg) to body weight (kg) per session. We used
inverse probability of treatment weighting (IPTW) to balance confounders among the three SMM/WT groups. The
IPTW analysis required a propensity score estimate, which
was achieved by gradient-boosted logistic regression. In
addition, we conducted a logistic regression analysis with
comprehensive BIA parameters, including SMM/WT as a
continuous variable, to enhance predictability. Receiver
operating characteristic (ROC) curves indicated the predictive accuracy of the BIA parameters.
We assessed the odds of IDH at different SMM/WT and
HGS values as both continuous and categorical variables
indicative of sarcopenia. The multivariable logistic regression model for IDH was depicted as a cubic spline curve,
with each curve having four equally distributed nodes at
the 5th, 35th, 65th, and 95th percentiles for SMM/WT. To
group patients using the newly defined cutoff values of
SMM/WT and HGS, the values were defined as the points
at which the odds of IDH began to increase. Patients
grouped according to SMM/WT and HGS were included
as new variables in the multivariable logistic regression
model to assess the odds of IDH. Statistical analyses were
performed using Stata software (version 16; StataCorp LP,
College Station, TX, USA) and R language (version 3.6.3,
R Foundation, Vienna, Austria). The mnps function in the
twang package with an interaction depth of 2 and 20,000
trees in R version 3.6.3 was used to estimate the propensity
score.

Statistical methods

Results

Baseline characteristics are expressed as mean ± standard
deviation for continuous data and number (percentage)
for categorical variables. To compare the characteristics
of the two groups according to development of IDH, Student t-test was used for continuous variables, and the chisquare test was used for categorical variables. Analysis of
variance was used to compare continuous variables among
tertiles of SMM/WT. To account for the impact of potential confounders on IDH, we considered both adjustment
and weighting methods. The adjustment method involved
a multivariable logistic regression model with potential

Baseline characteristics
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Among the 177 patients, 39 experienced IDH (Table 1).
The mean age of the enrolled patients was 59.5 ± 14.5
years. Half of all the study participants were females. The
mean duration of hemodialysis before study enrollment
was 5.5 ± 4.3 years. Patients experiencing IDH were more
likely to be female, had a higher body mass index, and experienced shorter hemodialysis periods compared with
those without IDH. Of all patients, 45.8% were diagnosed
with diabetes mellitus, 19.8% had ischemic heart disease,
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Table 1. Baseline characteristics
Characteristic

Total (n = 177)

Age (yr)
Male sex
Weight (kg)
Height (cm)
Body mass index (kg/m2)
Duration of hemodialysis (yr)
Etiology of ESRD
Diabetes mellitus
Hypertension
Glomerulonephritis
Others
Unknown
Hypertension
Diabetes mellitus
Ischemic heart disease
Chronic heart failure
Stroke
Peripheral arterial occlusive disease
NT-proBNP (pg/mL)
Cardiac index (%)
Hemoglobin (g/dL)
Blood urine nitrogen (mg/dL)
Creatinine (mg/dL)
Calcium (mg/dL)
Sodium (mEq/L)
Phosphate (mg/dL)
Albumin (g/dL)
Total cholesterol (mg/dL)
Low-density lipoprotein (mg/dL)
Iron (ng/mL)
TIBC (μg/dL)
Ferritin (ng/mL)
Potassium (mEq/L)
Parathyroid hormone (pg/mL)
Ultrafiltration per weight (%)
spKt/V
PG-SGA score
Tilburg frailty score (score)
Triceps skinfold thickness (mm)
Mid-arm muscle circumference (cm)
Handgrip strength (kg·f)
Percentage of SMM to WT (%)
SMM to squared height (kg/m2)
Possible sarcopeniaa
Sarcopeniab
Extracellular water to TBW (%)
Intracellular water to TBW (%)

59.5 ± 14.5
87 (49.2)
59.3 ± 11.0
161.8 ± 8.6
22.5 ± 3.3
5.5 ± 4.3
66 (37.3)
28 (15.8)
35 (19.8)
24 (13.6)
24 (13.6)
150 (84.7)
81 (45.8)
35 (19.8)
15 (8.5)
19 (10.7)
10 (5.6)
9,359.3 ± 9,705.2
51.7 ± 6.9
10.4 ± 0.9
61.0 ± 15.8
9.9 ± 3.0
9.0 ± 0.6
137.5 ± 3.3
5.2 ± 1.5
3.9 ± 0.4
148.4 ± 33.7
86.4 ± 72.6
65.8 ± 31.0
229.3 ± 46.9
245.3 ± 395.3
5.4 ± 1.0
254.5 ± 206.0
4.5 ± 1.7
1.6 ± 0.3
3.7 ± 4.4
3.5 ± 2.5
17.8 ± 7.9
26.3 ± 3.2
21.1 ± 10.3
38.9 ± 5.8
8.7 ± 1.2
113 (63.8)
4 (2.3)
39.4 ± 1.5
60.6 ± 1.5

Intradialytic hypotension
Yes (n = 39)
No (n = 138)
62.1 ± 11.2
58.8 ± 15.3
13 (33.3)
74 (53.6)
60.2 ± 12.0
59.1 ± 10.8
159.8 ± 8.6
162.4 ± 8.5
23.5 ± 4.2
22.2 ± 2.9
5.1 ± 3.1
5.6 ± 4.6
27 (69.2)
2 (5.1)
3 (7.7)
2 (5.1)
5 (12.8)
35 (89.7)
30 (76.9)
14 (35.9)
7 (17.9)
8 (20.5)
6 (15.4)
10,249.2 ± 10,136.7
51.9 ± 5.0
10.6 ± 1.0
63.1 ± 15.9
8.8 ± 2.6
8.9 ± 0.6
136.8 ± 3.3
5.4 ± 1.6
3.9 ± 0.4
150.6 ± 39.8
109.4 ± 136.8
57.5 ± 30.4
233.6 ± 55.3
248.0 ± 198.1
5.7 ± 1.1
199.2 ± 157.4
5.1 ± 1.9
1.6 ± 0.4
3.3 ± 3.9
4.1 ± 2.5
18.7 ± 8.1
26.6 ± 3.8
16.5 ± 7.9
34.3 ± 4.9
8.9 ± 1.2
33 (84.6)
3 (7.7)
40.1 ± 1.3
59.8 ± 1.3

p-value
0.22
0.03
0.58
<0.001
0.03
0.50
<0.001

39 (28.3)
26 (18.8)
32 (23.2)
22 (15.9)
19 (13.8)
115 (83.3)
51 (37.0)
21 (15.2)
8 (5.8)
11 (8.0)
4 (2.9)
9,107.9 ± 9,602.9
51.7 ± 7.4
10.3 ± 0.9
60.4 ± 15.7
10.2 ± 3.1
9.0 ± 0.7
137.7 ± 3.2
5.1 ± 1.4
3.9 ± 0.4
147.7 ± 31.9
78.4 ± 25.1
68.1 ± 30.9
228.1.6 ± 44.3
244.5 ± 435.8
5.3 ± 1.0
270.1 ± 215.7
4.4 ± 1.6
1.6 ± 0.3
3.8 ± 4.5
3.3 ± 2.5
17.6 ± 7.8
26.2 ± 3.1
22.4 ± 10.6
40.2 ± 5.3
7.9 ± 1.0
80 (58.0)
1 (0.7)
39.2 ± 1.5
60.8 ± 1.5

0.33
<0.001
0.004
0.02
0.03
0.003
0.52
0.85
0.20
0.33
0.01
0.53
0.15
0.33
0.86
0.64
0.08
0.06
0.52
0.96
0.03
0.06
0.02
0.34
0.56
0.09
0.43
0.53
0.001
<0.001
<0.001
0.003
0.01
0.001
<0.001

(Continued to the next page)
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Table 1. Continued
Characteristic
Phase angle at 50 Hz (˚)
Medication prescription
Antihypertensive
No. of medicationsc
  1–2
  ≥3
Beta blocker
ACE inhibitor
ARB
Diuretics
Calcium-channel blocker
Alpha-blocker
Vasodilator
Total prescribed medicationsd

Total (n = 177)
4.9 ± 1.2

Intradialytic hypotension
Yes (n = 39)
No (n = 138)
4.4 ± 0.9
5.0 ± 1.2

132 (74.6)

24 (61.5)

108 (78.3)

91 (51.4)
41 (23.2)
110 (62.1)
37 (20.9)
105 (59.3)
37 (20.9)
35 (19.8)
42 (23.7)
37 (20.9)
2.4 ± 2.7

19 (48.7)
5 (12.8)
21 (53.8)
6 (15.4)
16 (41.0)
5 (12.8)
5 (12.8)
5 (12.8)
6 (15.4)
1.7 ± 2.2

72 (52.2)
36 (26.1)
89 (64.5)
31 (22.5)
89 (64.5)
32 (23.2)
30 (21.7)
37 (26.8)
31 (22.5)
2.6 ± 2.8

p-value
0.002
0.03
0.23

0.23
0.34
0.008
0.16
0.22
0.07
0.34
0.09

Data are presented as mean ± standard deviation, number (%), or number only.
Cutoff values to classify sarcopenia followed the criteria of the Asian Working Group.
ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; ESRD, end-stage renal disease; NT-proBNP, N-terminal prohormone of brain natriuretic peptide; SMM, skeletal muscle mass; spKt/V, single-pool ratio of urea clearance multiplied by dialysis time to volume; PG-SGA, patient-generated
subjective global assessment; TBW, total body water; TIBC, total iron binding capacity; WT, dry body weight.
a
Possible sarcopenia was defined as low handgrip strength (<28 kg·f in males and <18 kg·f in females). bSarcopenia was defined as both low handgrip
strength (<28 kg·f in males and <18 kg·f in females) and low ratio of SMM to squared height (<7.0 kg/m2 in males and <5.7 kg/m2 in females). cNumber

of medications refers to the individual medications prescribed. dThe total prescribed medications are the total equivalent dosages.

8.5% had chronic heart failure, 10.7% had stroke, and 5.6%
had peripheral arterial occlusive disease. The percentage
of comorbidities of ischemic heart disease, chronic heart
failure, stroke, or peripheral arterial occlusive disease was
higher in the patients experiencing IDH than in those without IDH. The proportion of patients with diabetes mellitus
was higher in IDH patients. The distribution of etiologies to
end-stage renal disease (ESRD) in the two groups was different, but diabetes mellitus was the most common cause
of ESRD in both groups. The SMM/WT ratio was 38.9% ±
5.8% in total, 40.2% ± 5.3% in the patients without IDH, and
34.3% ± 4.9% in the patients experiencing IDH. One patient
refused to undergo HGS measurement. The mean value of
HGS was lower in patients who developed IDH than in patients who did not. Of all patients, 113 (63.8%) were classified as having possible sarcopenia based on HGS. The ratio
of possible sarcopenia (84.6%) was statistically higher in
patients with IDH compared to those without IDH (58.0%).
Combining these results with the ratio of skeletal muscle mass to squared height, four participants (2.3%) were
classified as having sarcopenia. In patients experiencing
IDH, triceps skin thickness and mid-arm maximal circum-
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ference were higher than in patients without IDH, but the
difference was not statistically significant. The mean score
of the PG-SGA was lower and the Tilburg frailty index was
higher in patients experiencing IDH, but the difference
was not statistically different. The mean cardiac index or
NT-proBNP level did not differ between the two groups.
Main results
Comparison of the odds of intradialytic hypotension among
the three skeletal muscle mass to dry body weight groups
Among the 177 patients, 59 were included in each tertile
of SMM/WT. The characteristics of patients in the tertile
SMM/WT groups are described in Supplementary Table
1 (available online). The mean values for SMM/WT in the
low-, middle-, and high-SMM/WT groups were 32.6% ±
3.0%, 38.8% ± 1.8%, and 45.3% ± 2.6%, respectively. A total
of 24 patients (40.7%) in the low, 12 (20.3%) in the middle,
and 3 (5.1%) in the high-SMM/WT group experienced IDH.
The incidence of IDH was higher in the low-SMM/WT
group than in the middle- and high-SMM/WT groups.
The clinical variables used to predict IDH were age, sex,
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cardiovascular disease such as chronic heart failure or
ischemic heart disease, diabetes mellitus, cardiac index,
and the amount of ultrafiltration per body weight before
hemodialysis. Each variable was independent of the others. In the univariable logistic model, lower SMM/WT was
associated with significantly higher odds of IDH (p < 0.001)
(Table 2). When comparing the odds ratio of IDH among
the three SMM/WT groups, that in the middle-SMM/WT
group was 0.37 (p = 0.02) and that in the high-SMM/WT
group was 0.08 (p < 0.001) compared with the low-SMM/
WT group. We assessed the balance of the seven clinical
and BIA variables used to generate IPTW. After IPTW, the
odds ratio of IDH was 0.83 (p = 0.06) in the middle-SMM/
WT group and 0.71 (p < 0.001) in the high-SMM/WT group

compared with the low-SMM/WT group. The odds ratios of
variables in the logistic regression model are described in
Supplementary Table 2 (available online). The odds ratio
of diabetes mellitus to the risk of IDH was 5.00 (p = 0.001),
and that of the ultrafiltration amount by weight was 1.70 (p
= 0.002).
Low skeletal muscle mass to dry body weight and low handgrip
strength indicate higher odds of intradialytic hypotension
In Fig. 2A, in which the odds ratios of IDH according to
SMM/WT are depicted by a restricted cubic spline curve,
the log odds of IDH increased linearly as SMM/WT decreased, indicating an increased probability of IDH event
according to the decrease in SMM/WT. Cubic spline curves

Table 2. Comparison of the OR of IDH over 3 months by percentage of SMM (kg) to WT (kg)
Variable

Low (reference)
Reference
Reference
Reference

Unadjusted
Multivariable regressionc
IPTWc

OR (95% CI) of IDH among groups divided by SMM/WT
Middle
High
a
0.37 (0.16–0.85)
0.08 (0.02–0.28)b
a
0.30 (0.10–0.88)
0.06 (0.01–0.29)b
0.83 (0.69–1.00)
0.71 (0.59–0.85)b

Patients were grouped by rank numbering in order of the percentage of SMM (kg), measured by bioimpedance analysis, to WT (kg), as tertile groups of low,
middle, and high percentage of SMM to WT. OR to IDH were analyzed using logistic models before and after weighting.
CI, confidence interval; IDH, intradialytic hypotension; IPTW, inverse probability of treatment weighting; OR, odds ratio; SMM, skeletal muscle mass; SMM/
WT, percentage of SMM to WT; WT, dry body weight.
a
p > 0.001, p < 0.05. bp < 0.001. cAdjusted for age, sex, diabetes mellitus, cardiovascular comorbidities (chronic heart failure or ischemic heart disease),
cardiac index, and ratio of the amount of ultrafiltration to body weight.
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Figure 2. Restricted cubic spline curve of odds according to change of the percentage of SMM to WT (A) and the change of HGS
(B). The perpendicular dotted lines in (A) indicate the upper limit of the ratio of SMM (kg) to WT (kg) (SMM/WT) of the low- and middle-SMM/WT tertiles. The log of odds of intradialytic hypotension increased linearly when the SMM/WT was less than 36.0%. In (B),
the dotted line indicates the median value of HGS (kg·f).
HGS, handgrip strength; SMM, skeletal muscle mass; WT, dry body weight.
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are used to depict the relationship between HGS and the
log odds of IDH in Fig. 2B. The odds of IDH in females increased when HGS was less than 19.0 kg·f and decreased
when HGS was greater than 19.0 kg·f in males (Supplementary Fig. 1, available online).
Forty-four patients (24.9%) had both SMM/WT of <36.0%
and HGS of <19.0 kg·f. Fifty-seven patients (32.2%) had either SMM/WT of <36.0% or HGS of <19.0 kg·f. Overall, 15
patients (8.5%) had SMM/WT of <36.0% and HGS of ≥19.0
kg·f, and 42 (23.7%) had SMM/WT of ≥36.0% and HGS of
<19.0 kg·f. As with the cubic spline curves, patients with
either SMM/WT of <36.0% or HGS of <19.0 kg·f were at
higher risk of IDH by a factor of 4.44 compared with those
with both SMM/WT of ≥36.0% and HGS of ≥19.0 kg·f (Table
3). The odds ratio of IDH was 17.11 when the patients had
both SMM/WT of <36.0% and HGS of <19.0 kg·f compared
with those with both SMM/WT of ≥36.0% and HGS of ≥19.0
kg·f. The odds ratio of IDH in patients with SMM/WT of
<36.0% and HGS of ≥19.0 kg·f was 6.83 (p = 0.02) (Supplementary Table 3, available online). In patients with HGS of
<19.0 kg·f and SMM/WT of ≥36.0%, the odds ratio was 3.55,
although it was not statistically significant (p = 0.07).
We then compared the area under the ROC curve (AUC)
to predict IDH in the clinical model (model 8) and clinical-plus-BIA models (Table 4). Model 1, which included
HGS and SMM/WT, produced a statistically higher AUC
Table 3. Multivariable analysis of factors, including SMM/WT and
HGS, associated with IDH
Variable
OR (95% CI)
SMM/WT (%) plus HGS (kg·f) (vs. SMM/WT, ≥36.0 and HGS, ≥19.0)
Either SMM/WT, <36.0 or HGS, <19.0
4.44 (1.29–15.33)
SMM/WT, <36.0 and HGS, <19.0
17.11 (3.47–84.27)
Age
1.00 (0.96–1.04)
Male sex (vs. female)
1.47 (0.45–4.80)
DM (vs. non-DM)
5.68 (2.20–14.65)
Cardiovascular comorbiditiesa (yes vs. no)
2.26 (0.90–5.69)
Cardiac index
0.95 (0.88–1.03)
Ultrafiltration per weight
1.60 (1.18–2.16)
To classify SMM/WT and HGS, we used the highest value in the low-SMM/
WT tertile group (36.0%), and the median value of HGS (19.0 kg·f) showed
an OR of 17.11 to IDH compared to that in patients with SMM/WT of
≥36.0% and HGS of ≥19.0 kg·f.
CI, confidence interval; DM, diabetes mellitus; HGS, handgrip strength;
IDH, intradialytic hypotension; OR, odds ratio; SMM, skeletal muscle mass;
SMM/WT, percentage of SMM to WT; WT, dry body weight.
a
Cardiovascular comorbidities were chronic heart failure or ischemic heart
disease.
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compared with the model that included only clinical parameters (model 8) (AUC of model 1 = 0.877, 95% confidence interval [CI], 0.82–0.93; AUC of model 8 = 0.809, 95%
CI, 0.74–0.88; p = 0.008). Model 2, including SMM/WT, also
showed a relatively higher AUC (0.843, 95% CI, 0.78–0.91;
p of AUC of model 2 compared to model 8 = 0.01). Model
1 explained IDH better than model 8 in some subgroups,
such as female patients, patients aged ≥65 years, those with
diabetes mellitus, and patients with greater ultrafiltration
per weight (Supplementary Table 4, available online).

Discussion
In this study, we evaluated the relationship between development of IDH and measurement of skeletal muscle mass
using BIA. A lower percentage of skeletal muscle mass to
body weight was associated with a higher rate of IDH. Furthermore, characteristics of sarcopenia such as low skeletal
muscle mass and low muscle power were related to IDH, a
frequent complication during maintenance hemodialysis.
The volume and movement of body water constitute one
Table 4. ROC curves of multivariable logistic models including
clinical parameters plus each parametera
Model including
Clinical parameters + SMM/WT + HGS
Clinical parameters + SMM/WT
Clinical parameters + SMM to squared height
Clinical parameters + ECW to TBW
Clinical parameters + ICW to TBW
Clinical parameters + PA
Clinical parameters + HGS
Clinical parameters only

ROC area (95% CI)
0.88 (0.83–0.94)b
0.88 (0.83–0.93)b
0.85 (0.78–0.91)
0.81 (0.74–0.88)
0.81 (0.74–0.89)
0.81 (0.74–0.89)
0.81 (0.74–0.88)
0.81 (0.74–0.88)

Parameters measured by bioimpedance analysis were included as continuous variables in each multivariable logistic model. Clinical parameters
were age, sex, cardiovascular comorbidities (chronic heart failure or ischemic heart disease), diabetes mellitus, cardiac index, and percentage of
ultrafiltration to body weight. The AUC was statistically higher in models
including the percentage of SMM (kg) to WT (kg) compared with those of
other models.
AUC, area under the ROC curve; CI, confidence interval; ECW, extracellular
water; HGS, handgrip strength; ICW, intracellular water; PA, phase angle;
ROC, receiver operating characteristic; SMM, skeletal muscle mass; SMM/
WT, percentage of SMM to WT; TBW, total body water; WT, dry body weight.
a
Such as the percentage of SMM(kg) to WT (kg) (SMM/WT) plus HGS (kg·f)
(model 1), SMM/WT (%) (model 2), SMM to height2 (kg/m2) (model 3),
ECW to TBW (kg/kg) (model 4), ICW to TBW (kg/kg) (model 5), PA at 50
kHz (model 6), or HGS (kg·f) (model 7) and only clinical parameters (model 8). bROC area of the model was higher than that of the other models (p
< 0.05).
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of the pathophysiological mechanisms of IDH. It has been
suggested that the water content in approximately 10% to
20% of skeletal muscle mass is dynamically mobile [15]. We
propose that skeletal muscle mass, as a reservoir of water,
can be an important predictor of IDH. A previous study
measured relaxation times in patients undergoing hemodialysis by nanoscale magnetic resonance, magnetic resonance imaging (MRI), and BIA [16]. The authors suggested
that the amount of water in the muscle, the lower legs in
particular, was higher in volume-overloaded patients but
decreased after hemodialysis to levels similar to those in
the healthy population. In the clinical field, doctors assume
that body weight determines the rate of ultrafiltration,
which might be higher than the refilling rate. One previous
study showed that transcellular shift of body water from
extracellular to intracellular fluid by osmotic alteration was
higher in patients who experienced IDH compared with
the expected amount of ultrafiltration in stable patients [17].
The authors reported that body weights in the two groups
were similar, although hydration states differed. This suggests that body composition is more important than body
weight in preventing IDH. In the present study, we showed
that measurement of the percentage of skeletal muscle
mass to body weight could be an applicable indicator of
dry body weight. Extracellular water to total body water
was also a significant predictor of IDH. However, a previous
study showed that over-hydration derived from extracellular fluid measured by BIA was a false-positive factor in malnourished patients [18]. We investigated the role of the IDH
predictor not only in extracellular water but also in skeletal
muscle mass.
The patients enrolled in this study were mostly elderly and had a lower skeletal muscle mass relative to body
weight. According to data from the 2013 ESRD Registry
Committee of the Korea Society of Nephrology, the proportion of elderly patients undergoing dialysis in Korea was
39.5% compared to 12.2% in the general population [19]. A
16-year-follow-up epidemiologic study using the Korean
National Health Insurance Service database showed that
the mean age of patients undergoing hemodialysis increased between 2002 and 2017 [20]. Due to old age, chronic inflammation, and frailty in most patients undergoing
maintenance dialysis, sarcopenia (decreased muscle mass)
should be considered by nephrologists [21,22]. Although
the ratio of patients diagnosed with sarcopenia according

to the criteria by the Asian Working Group was low, possible sarcopenia accounted for more than 64% of this cohort.
Patients who fulfilled the criteria for possible sarcopenia
showed low HGS, and this also explained the risk of IDH after multivariable logistic analysis and comparison of AUCs.
In addition to a quantitative approach to skeletal muscle,
our study also found that higher HGS was associated with
lower odds of IDH. Considering that previous studies emphasized muscle strength as a criterion for diagnosing sarcopenia [23], these results support the importance of the
quality of muscles. Patients in the low-SMM/WT group had
a higher body mass index and a higher skinfold thickness
relative to mid-arm maximal circumference, indicating
higher rates of adipose tissue mass and obesity. These are
characteristics of sarcopenic obesity [8], which represents
a potential public health problem due to clinical consequences. Obesity and sarcopenia are known to have a synergistic and negative impact on performance status among
the elderly [24]. Several studies have revealed that low lean
tissue index (kg/m2), skeletal muscle mass (kg) per square
height (m2), and high-fat tissue index (kg/m2) are risk factors for IDH or mortality [6,25–27]. In that regard, the poor
prognosis found in this and previous studies suggest that a
higher fat tissue index with a low lean tissue index should
be interpreted as poor quality of muscle.
Measurements of body composition have been conducted to find more convenient methods using tools such as
MRI, computed tomography, dual-energy X-ray absorptiometry, and BIA [28,29]. Using the dephasing time between
the solid and liquid phases, nanoscale nuclear molecular
resonance spectrometry has been suggested to qualitatively measure body composition [30]. Due to the convenience
and safety of a bedside non-radiocontrast method that
correlates closely with conventional methods [31], we used
BIA to measure skeletal muscle mass immediately after
hemodialysis, when the body weight would be close to “dry
body weight,” excluding excessive interstitial body water. In
a previous cross-sectional study [32], the phase angle at 50
kHz was positively correlated with the ratio of lean tissue
mass to dry body weight, which was similar to the results
of our study. As it is derived from the phase angle, extracellular water is related to IDH. The accuracy and utility of
extracellular water using BIA are problematic in hemodialysis patients [33,34]. Nevertheless, by measuring different
parameters in hemodialysis patients, BIA correlated closely
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with other characteristics [35]. As the ultrafiltration rate
is indicative of IDH [36,37], we adjusted the ultrafiltration
rate. Skeletal muscle mass was still an important indicator.
There are some limitations to this study. First, although
the Tilburg frailty parameter and subjective global assessment to evaluate sarcopenia [38] did not capture prognostic significance, we suspect that this can be attributed to
the limited sensitivity of the clinical questionnaire rather
than noninvolvement of any frailty mechanism. We also
measured other parameters of sarcopenia, such as a simple
handgrip assessment, which functioned as a good predictor of IDH. Second, we defined IDH using an absolute criterion of SBP < 90 mmHg and need for intervention. This
might have increased the heterogeneity of the definition of
IDH in previous studies, which defined IDH in numerous
ways; for example, the National Kidney Foundation Kidney
Disease Outcomes Quality initiative defined IDH as a decrease in SBP of ≥20 mmHg and diastolic blood pressure of
≥10 mmHg [39]. We suggest that combining clinical intervention with the definition of IDH could lessen the effect
of clinically insignificant changes in blood pressure on the
results of our study. Third, as there was a deviation in the
results due to the small number of samples and the limited ability to detect minimal differences among samples,
further investigation is warranted. We attempted to reduce
outcome bias by statistical weighting. Finally, the appropriate measurement time of BIA to accurately measure skeletal muscle mass is uncertain. Previous studies of changes
in skeletal muscle mass pre- and post-hemodialysis [40,41]
have produced conflicting findings. We expect that further
studies will be needed to determine the optimal method of
applying skeletal muscle mass in patients undergoing hemodialysis.
In conclusion, low skeletal muscle mass as a fraction
of body mass is associated with IDH. For elderly patients
with sarcopenia undergoing maintenance hemodialysis,
prevention of IDH would be more successful using measurements of body composition by BIA. The application of
skeletal muscle mass to prevent IDH in patients undergoing hemodialysis should be investigated in future studies.
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Background: Basiliximab (BSX) and antithymocyte globulins (ATGs), are two major immunosuppressive agents commonly used as induction therapy for kidney transplant (KT) recipients. The superiority of ATG over BSX has not been well established, especially in elderly KT recipients with low immunological risk.
Methods: A total of 847 elderly (≥60 years old), low-risk KT patients in the Korean Organ Transplantation Registry were propensity
score-matched at a 1:2 ratio and compared according to ATG or BSX induction therapy. The primary outcome was patient and graft
survival and biopsy-proven acute cellular rejection. The secondary outcome was graft function, BK virus nephropathy, infection, cancer, new-onset diabetes mellitus after transplantation (NODAT), and delayed graft function.
Results: In total, 165 patients in the ATG group were matched with 298 patients in the BSX group with average ages of 64.3 and
64.2 years, respectively. During a follow-up of 28.5 ± 10.4 months, the cumulative probabilities of death-censored graft failure at 3
years posttransplantation were 1.3% and 1.4% in ATG and BSX groups, respectively, without a significant difference (p = 0.72). The
cumulative probability of NODAT at 3 years posttransplantation was significantly higher in the BSX group (35.6% vs. 21.6%, p = 0.02).
The median tacrolimus trough level was significantly lower at 6 months after KT in the ATG group (5.7 ng/mL vs. 6.4 ng/mL, p =
0.001). There were no differences in the other evaluated outcomes.
Conclusion: Compared with BSX, in elderly, low-risk KT patients, ATG reduced tacrolimus and steroid requirements without differences in all-cause mortality, rejection, or infection, resulting in a reduced NODAT incidence.
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Introduction

Methods

The number of kidney transplant (KT) procedures in older patients has been increasing [1]. Older recipients are
characterized by attenuated immune function, which
contributes to a less frequent rejection and a higher rate
of infectious complications after KT [2]. Recent guidelines
recommend age-adopted immunosuppression for KT recipients [3]; however, convincing evidence of the optimal
immunosuppression in the older population is still lacking.
Induction treatment is one of the most important parts of
immunosuppression. Basiliximab (BSX), which is a monoclonal interleukin-2 receptor (IL-2R) antibody, and antithymocyte globulin (ATG), which is a polyclonal antibody that
mainly depletes T cells, are the two most commonly used
induction agents currently [4]. The superiority of ATG over
BSX with respect to reducing rejection events in immunologically high-risk kidney recipients has been proven [5,6].
However, it is not clear whether ATG has advantageous
effects in low-risk recipients. Several studies showed that
ATG could lower the biopsy-proven rejection (BPR) or even
result in better graft survival in patients with low immunologic risk [7–9]. However, there has yet to be a randomized
trial to evaluate these effects in KT recipients who underwent steroid withdrawal immunosuppression [10].
ATG warrants several adverse effects, such as cytokine
release syndrome [5], infection [11,12], and posttransplant
malignancy [13,14], of which all were more critical in the
elderly population. However, ATG minimizes the use of
calcineurin inhibitors and steroids [15,16], which could
result in higher long-term graft function and better glucose
control. A recent French observational study showed that
ATG compared with BSX was related to neither better nor
poorer graft survival as well as patient outcomes, except for
lowering posttransplant diabetes mellitus (DM) in elderly
KT recipients [17]. They included a relatively small sample
size in both groups and only included deceased donor KT
(DDKT); thus more evidence is still needed. Therefore, we
compared ATG and BSX as induction therapies in older KT
recipients (≥60 years) using matched analysis with Korean
multicentric registry data.

Ethics approval
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This study was performed under the tenets of the Declaration of Helsinki and the Declaration of Istanbul. The study
protocol was approved by the Yonsei University Wonju
College of Medicine (No. CR321365), which provided an
exemption for informed consent because of the retrospective nature of the study.
Study population
A retrospective analysis was performed on 6,127 patients
who received KT between May 2014 and December 2019
as registered in the Korean Organ Transplantation Registry
(KOTRY). We excluded patients who were under the age of
60 years (n = 4,938), ABO-incompatible (ABOi) living donor KT (LDKT) (n = 176), crossmatch-positive LDKT (n =
38), pretransplant donor-specific antibody (DSA) (n = 88),
received both ATG and BSX induction therapy (n = 14), no
induction therapy (n = 6), and insufficient data (n = 20).
Finally, 847 low immunologic risk (crossmatch-negative,
ABO-compatible, and no pretransplant DSA) elderly KT
recipients were included in the study (Fig. 1).
Data collection
The demographics of the recipients and donors were
sourced from the KOTRY database. The number of mismatches for human leukocyte antigen regarding A, B, and
DR were collected. Pretransplant peak panel-reactive antibody (PRA) was categorized as 0% to 20%, 21% to 80%, and
81% to 100%. As PRA is a critical factor for posttransplant
BPR, those with missing PRA were placed in a separate
category, which accounted for approximately 30% of the
study population. We separately collected donor factors,
such as donor age, sex, body mass index (BMI), history of
hypertension (HTN), history of DM, and serum creatinine,
at donation. The cause of death for deceased donors and
cold ischemic time (CIT) for all donors were also collected,
as well as for deceased donors apart.
According to the data collection interval of the KOTRY,
serum creatinine, immunosuppressant regimens, steroid
use, and mycophenolate mofetil (MMF) or its equivalent
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Total 6,127 KT in KOTRY (2014. 5–2019. 12)

Under 60 years old (n = 4,938)
ABOi LDKT (n = 176)
Crossmatch positive LDKT (n = 38)

Exclusion

Pretransplant DSA (n = 88)
Both ATG/BSX (n = 14)
No induction (n = 6)
Lack of data (n = 20)

Subjects for analysis (n = 847)

BSX induction (n = 656)

ATG induction (n = 191)

Propensity score matching (2:1)

BSX induction (n = 298)

ATG induction (n = 165)

Figure 1. Study population.
ABOi, ABO-incompatible; ATG, antithymocyte globulin; BSX, basiliximab; DSA, donor-specific antibody; LDKT, living donor kidney transplant; KOTRY, Korean Organ Transplantation Registry; KT, kidney transplant.

(360 mg of enteric-coated mycophenolate being equivalent
to 500 mg of MMF) were collected at discharge, 6 months,
12 months, and annually thereafter.
Tacrolimus (TAC) trough level was collected from 6
months onward, as the KOTRY collected it from a later
period of this study. Graft function was evaluated by estimated glomerular filtration rate (eGFR) calculated by The
Modification of Diet in Renal Disease equation [18].
Outcomes
Primary outcomes include BPR, death-censored graft
failure, and patient death. BPR except borderline findings
was separately analyzed from the entire BPR. Secondary
outcomes include graft function, BK virus nephropathy
(BKVN), infection, cancer, new-onset DM after transplantation (NODAT), and delayed graft function (DGF). BKVN
was checked only when confirmed in renal biopsies. Infection was counted when the patient was admitted with
confirmed pathogens. The most common types of infection
were urinary tract infection, bacterial pneumonia, bacteremia, viral infection, viral pneumonia, fungal infection, and
Pneumocystis jiroveci pneumonia. Each transplant institution reported DM to the KOTRY registry. Regarding early

hyperglycemia, we excluded patients who were diagnosed
with DM only during the early posttransplant period and reported with no DM after the follow-up period. NODAT was
compared only in patients without pretransplant DM. DGF
was defined as a need for dialysis within 7 days after KT.
Statistical analysis
A 2:1 propensity score-matching was performed between
BSX and ATG groups with the nearest neighbor method. A
caliper was set at 0.2 standard deviations (SDs). All available baseline factors were included as matching covariates,
except the cause of death for donors and CIT, because our
study contained a considerable LDKT population. The balance of the covariates was considered appropriate when
the standard mean differences were between 0.1 of one
another [19]. Cases outside of balance were discarded from
both groups during matching; hence complete matching
between the two groups was not achieved.
Regarding the comparison of numerical variables, the
Student t test or Mann-Whitney U test was used, and the
paired t test or McNemar test was used for the comparison
of variables between matched groups. The results were presented as mean ± SD or median (interquartile range [IQR])
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according to their normality. The chi-square test was used
for categorical variables. Kaplan-Meier analysis was used
to compare the cumulative probability of posttransplant
events, and statistical significance was confirmed by the
log-rank test. All analyses were performed using standard
software (IBM SPSS version 25.0; IBM Corp., Armonk, NY,
USA and R freeware version 3.6.3; R Foundation for Statistical Computing, Vienna, Austria). The p-values of <0.05
were considered statistically significant.

Results
Baseline characteristics
Table 1 shows the baseline characteristics of the BSX and
ATG groups before and after matching. Before matching,
656 older recipients (≥60 years, 77.4%) received BSX as induction therapy, whereas 191 (22.6%) received ATG as induction therapy. Age, sex, BMI, and the cause of end-stage
renal disease were similar between the groups. However,
the ATG group showed more frequent retransplantation
(2.9% vs. 9.9% in the BSX and ATG groups, respectively; p
< 0.001) and longer pretransplant dialysis duration (43.5 ±
51.0 months vs. 61.4 ± 52.4 months, respectively; p < 0.001).
PRA was significantly different between both groups (p =
0.003), especially the 81st to 100th percentile of PRA values
was higher in the ATG group than in the BSX group (1.4%
vs. 5.2%). The proportion of DDKT was higher in the ATG
group than in the BSX group (50.6% vs. 82.7%, p < 0.001).
Several donor risk factors, such as male sex (54.0% vs.
68.1%, p = 0.001), creatine at donation (1.0 ± 0.8 vs. 2.0 ± 1.7,
p < 0.001), HTN (22.9% vs. 30.4%, p = 0.034), and DM (9.1%
vs. 16.2%, p = 0.005) were higher in the ATG group than
in the BSX group, so was expanded criteria donor (ECD),
accordingly (25.5% vs. 41.9%, p < 0.001). CIT, which was
available only in 78.5% of the study population, was longer
in the ATG group than the BSX group. However, it became
similar when compared considering DDKT only (298.5 ±
145.5 minutes vs. 296.9 ± 148.6 minutes, p = 0.93).
By propensity score matching, 165 patients in the ATG
group were matched to 298 patients in the BSX group with
adequate balance (Supplementary Fig. 1, available online).
The similarity in all baseline covariates was achieved between the BSX and ATG groups after matching, as shown
in Table 1. Some factors were excluded from the matching,
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including ECD, vascular cause of death, and CIT. The mean
total dose of ATG was 4.7 ± 1.6 mg/kg in the ATG group. All
patients in the BSX group received two doses of 20 mg BSX
on postoperative days 0 and 4.
Maintenance immunosuppression
Fig. 2 shows the comparison of maintenance immunosuppressants between the BSX and ATG groups. Most
patients of both groups used a combination of TAC, MMF,
and steroids at discharge, and no differences were found
among the regimen types. At 6 months, the proportion
of the triple regimen declined, whereas TAC plus steroid
regimen became more common (12.8% vs. 16.9% for BSX
and ATG, respectively) in both groups. One year after KT,
the type of immunosuppression was significantly different
between groups (p = 0.03) (Fig. 2A), and the proportion
of TAC plus MMF was especially higher in the ATG group
than in the BSX group (2.4% vs. 12.8%, p < 0.001). The proportion of steroid use was significantly lower in the ATG
group than in the BSX group from both 1 and 2 years after
KT (97.2% vs. 87.2%, p < 0.001 at 1 year; 94.8% vs. 87.6%, p
= 0.03 at 2 years) (Fig. 2B), although the daily steroid dose
in the patients on maintenance steroid treatment was
similar from discharge to 2 years after KT in both groups
(Supplementary Fig. 2, available online). The cumulative
incidence of pulse steroid therapy within 6 months was
significantly lower in the ATG group (7.3%; one patient received pulse steroid therapy twice, and 11 patients received
pulse steroid therapy once) than in the BSX group (15.4%;
five patients received pulse steroid therapy twice, and 41
patients received pulse steroid therapy once) (p = 0.01).
The median TAC trough level was significantly lower at 6
months after KT in the ATG group than in the BSX group
(6.4 [IQR, 5.1–8.1] vs. 5.7 [IQR, 4.5–7.1], p = 0.001), but they
then became similar from 1 year onwards (Supplementary Fig. 3, available online). At the discharge date, the TAC
dose in the ATG group was significantly lower than in the
BSX group (0.63 ng/dL per 10 kg vs. 0.71 ng/dL per 10 kg, p
= 0.004) (Fig. 2C). The mean equivalent maintenance dose
of MMF was not different at discharge and 6 months. However, it was lower in the ATG group than in the BSX group
after 1 year postoperation (984 ± 329 mg vs. 907 ± 338 mg, p
= 0.049) (Fig. 2D).
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Table 1. Baseline characteristics before and after matching
Variable
Age (yr)
Male sex
BMI (kg/m2)
Year of KT
2014–2016
2017–2019
Retransplantation
Cause of ESRD
DM
Hypertension
Glomerular disease
PCKD
Other disease
Unknown
Dialysis duration (mo)
DM
CVD
HLA mismatch
PRA, percentile groups
0–20
21–80
81–100
Unknown
Donor type
Living donor
Deceased donor
Donor age (yr)
Donor sex, male
Donor BMI (kg/m2)
Donor creatinine at donation (mg/dL)
Donor HTN
Donor DM
ECD
Vascular cause of death
CIT (min)a
DDKT CIT (min)b

BSX
(n = 656)
64.3 ± 3.7
447 (68.1)
23.6 ± 3.1

Before matching
ATG
(n = 191)
64.3 ± 3.3
129 (67.5)
23.2 ± 2.7

243 (37.0)
413 (63.0)
19 (2.9)

73 (38.2)
118 (61.8)
19 (9.9)

236 (36.0)
112 (17.1)
132 (20.1)
34 (5.2)
13 (2.0)
129 (19.6)
43.5 ± 51.0
317 (48.3)
161 (24.5)
3.5 ± 1.7

75 (39.3)
36 (18.8)
42 (22.0)
10 (5.2)
3 (1.6)
25 (13.1)
61.4 ± 52.4
92 (48.2)
40 (20.9)
3.8 ± 1.7

379 (57.8)
87 (13.3)
9 (1.4)
181 (27.5)

92 (48.2)
25 (13.1)
10 (5.2)
64 (33.5)

p-value
0.884
0.875
0.187
0.767

<0.001
0.466

<0.001
0.97
0.303
0.107
0.003

After matching
BSX
ATG
(n = 298)
(n = 165)
64.2 ± 3.6
64.3 ± 3.4
196 (65.8)
113 (68.5)
23.1 ± 3.0
23.1 ± 2.8
119 (39.9)
179 (60.1)
17 (5.7)

62 (37.6)
103 (62.4)
11 (6.7)

108 (36.2)
45 (15.1)
67 (22.5)
17 (5.7)
7 (2.3)
54 (18.2)
60.1 ± 51.7
145 (48.7)
64 (21.5)
3.8 ± 1.8

66 (40.0)
32 (19.4)
36 (21.8)
9 (5.5)
3 (1.8)
19 (11.5)
61.2 ± 54.6
80 (48.5)
33 (20.0)
3.7 ± 1.7

145 (48.7)
43 (14.4)
6 (2.0)
104 (34.9)

82 (49.7)
22 (13.3)
3 (1.8)
58 (35.2)

<0.001
324 (49.4)
33 (17.3)
332 (50.6)
158 (82.7)
51.3 ± 14.1
53.2 ± 14.2
354 (54.0)
130 (68.1)
23.9 ± 3.4
23.9 ± 3.9
1.0 ± 0.8
2.0 ± 1.7
150 (22.9)
58 (30.4)
60 (9.1)
31 (16.2)
167 (25.5)
80 (41.9)
128/332 (38.6) 55/158 (34.8)
170.7 ± 156.7 259.0 ± 159.8
298.5 ± 145.5 296.9 ± 148.6

0.094
0.001
0.919
<0.001
0.034
0.005
<0.001
0.423
<0.001
0.925

p-value
0.41
0.73
0.55
0.62

0.40
0.455

0.32
0.94
0.54
0.60
0.94

<0.001
74 (24.8)
33 (20.0)
224 (75.2)
132 (80.0)
53.6 ± 14.2
53.7 ± 14.2
188 (63.1)
112 (67.9)
23.8 ± 3.5
24.0 ± 3.7
1.6 ± 1.0
1.7 ± 1.3
86 (28.9)
49 (29.7)
45 (15.1)
27 (16.4)
118 (39.6)
71 (43.0)
87/224 (38.8) 43/132 (32.6)
233.5 ± 161.3 251.2 ± 162.7
296.0 ± 141.9 294.1 ± 152.3

0.65
0.06
0.57
<0.001
0.54
0.34
0.47
0.24
0.32
0.92

Data are expressed as mean ± standard deviation or number (%).
ATG, antithymocyte globulin; BMI, body mass index; BSX, basiliximab; CIT, cold ischemic time; CVD, cardiovascular disease; DDKT, deceased donor kidney
transplant; DM, diabetes mellitus; ECD, expanded criteria donor; ESRD, end-stage renal disease; HLA, human leukocyte antigens; HTN, hypertension; KT,
kidney transplant; PCKD, polycystic kidney disease; PRA, panel-reactive antibody.
a
Data available; the numbers of the BSX and ATG groups are 50 and 156 before matching and 233 and 136 after matching. bData available; the numbers
of the BSX and ATG groups are 236 and 129 before matching and 264 and 109 after matching.

Primary outcomes
During 28.5 ± 10.4 months of mean follow-up, six patients

(1.3%) experienced death-censored graft failure, and 27
patients (5.8%) died with a functioning graft. The cumulative probability of death-censored graft failure was 1.4%
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TAC dose (ng/dL per 10 kg)
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0.45

0.03
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100

60

Others
TAC + MMF
TAC + Steroid
TAC + MMF + Steroid

40
20
0

BSX ATG
DC

BSX ATG
6

BSX ATG
12

D

1.4
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0.8

p = 0.04
p = 0.29

0.6

p = 0.70
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0.4
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0
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6

12

24

p = 0.11
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Figure 2. Comparison of maintenance immunosuppression regimen between BSX and ATG group. (A) Immunosuppression regimens, (B) proportion of steroid use, (C) TAC dose, and (D) MMF equivalent dose.
ATG, antithymocyte globulin; BSX, basiliximab; DC, discharge; MMF, mycophenolate mofetil; TAC, tacrolimus.

at both years 1 and 3 of follow-up in the BSX group, and
the corresponding probabilities were 0.6% and 1.3% in the
ATG group (p = 0.90) (Fig. 3A). The cumulative probability
of patient death was 4.7% at year 1 and 5.7% at year 3 of
follow-up in the BSX group vs. 4.9% at year 1 and 7.3% at
year 3 of follow-up in the ATG group (p = 0.60) (Fig. 3B).
The cumulative probability of BPR was 18.1% at 1 year and
24.3% at 3 years postoperation in the BSX group, whereas
the cumulative probability of BPR was 14.5% at 1 year and
16.9% at 3 years postoperation in the ATG group. BPR was
numerically lower in the ATG group than in the BSX group,
though without statistical significance (p = 0.08) (Fig. 3C).
Furthermore, BPR probability was similar between the ATG
and BSX groups, except for pathologically borderline rejection (7.5% at 1 year and 12.3% at 3 years in the BSX group
compared to 8.8% at 1 year and 10.2% at 3 years postoperation in the ATG group, p = 0.70) (Fig. 3D).
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Secondary outcomes
DGF occurred in 9.5% of the BSX group and 8.5% of the
ATG group without a significant difference (p = 0.82). The
cumulative probability of BKVN was similar between the
two groups (3.9% at both years 1 and 3 in the BSX group
and 3.1% at both years 1 and 3 in the ATG group, p = 0.72)
(Fig. 3E). The cumulative probability of infection was 39.3%
at 1 year and 44.3% at 3 years postoperation in the BSX
group, whereas the corresponding values were 37.0% and
44.3% in the ATG group (p = 0.68) (Fig. 3F). Not only was
the cumulative probability of infection similar between the
two groups but so were the cumulative probabilities of urinary tract infection, bacterial pneumonia, bacteremia, viral
infection, viral pneumonia, fungal infection, and Pneumocystis jiroveci pneumonia (Table 2). The cumulative probability of cancer after KT was numerically lower in the ATG
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Figure 3. Matched comparison of posttransplant events between ATG and BSX groups. (A) Death-censored graft failure, (B) patient
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patients without pretransplant diabetes mellitus.
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after transplantation.

group (1.3% at both 1 year and 3 years postoperation) vs.
the BSX group (2.1% and 5.0% at 1 year and 3 years postoperation) without any significance (p = 0.08) (Fig. 3G).
Among patients without pretransplant DM, the cumulative

probability of NODAT was significantly lower in the ATG
group than in the BSX group (32.3% at 1 year and 35.6% at 3
years postoperation in the BSX group compared to 15.4% at
1 year and 21.6% at 3 years postoperation in the ATG group,
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Table 2. Infectious complications within 1 year after kidney transplant
Variable
Urinary tract infection
Bacterial pneumonia
Bacteremia
Viral infection
Viral pneumonia
Fungal infection
Pneumocystis jiroveci pneumonia

BSX (n = 298)
30 (10.1)
20 (6.7)
4 (1.3)
42 (14.1)
6 (2.0)
6 (2.0)
3 (1.0)

ATG (n = 165)
17 (10.3)
7 (4.2)
2 (1.2)
34 (20.6)
1 (0.6)
2 (1.2)
0 (0)

p-value
0.94
0.28
0.91
0.09
0.24
0.53
-

ATG, antithymocyte globulin; BSX, basiliximab.

Discussion
From matched analysis with the Korean multicentric registry, this study comprehensively compared the outcomes
between two induction therapies, BSX and ATG, in older
KT recipients. ATG did not have superiority over BSX for
DGF development or graft function throughout the study
period. The ATG group not only showed a lower TAC
trough level and cumulative proportion of pulse steroid
therapy at 6 months but also lower steroid use than the
BSX group from 1 year after transplantation onwards. The
type of induction regimen did not affect death-censored
graft failure or patient survival. BPR, BKVN, infection, and
cancer were not significantly different in patients who received BSX or ATG. However, the probability of NODAT
was significantly lower in the ATG group than in the BSX
group among the patients without pretransplant DM.
Different from the United States’ report [20], ATG is less
used in the entire KT population than BSX. Especially, the
proportion of patients who received BSX induction was
much higher in the elderly KT population, as shown in our
supplementary data (Supplementary Fig. 4, available online). This can be attributed to LDKT predominance and
the relatively short CIT for DDKT due to the geographical
features of Korea, which then leads to less preference for
ATG as induction therapy.
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p = 0.02) (Fig. 3H). Graft function was similar throughout
the study period between the BSX and ATG groups, at approximately 60 mL/min/1.73 m2 eGFR (Fig. 4). Besides,
ATG dose did not affect the rate of death-censored graft
failure, death, BPR, antibody-mediated rejection, BKVN,
infection, cancer, or NODAT (Supplementary Table 1, 2,
available online).
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Figure 4. Matched comparison of posttransplant graft function
between ATG and BSX groups.
ATG, antithymocyte globulin; BSX, basiliximab; DC, discharge;
eGFR, estimated glomerular filtration rate.

IL-2R antibody induction therapy has no significant effect on the rate of rejection or patient or graft survival in
TAC-based maintenance immunotherapy in standard-risk
KT recipients [21]. Perioperative antibody induction is associated with a lower risk of mortality in DDKT recipients
with low immunologic risk [22]. However, several studies,
including meta-analyses, have demonstrated that antibody
induction is not associated with an increased risk of allcause mortality or graft loss [23–26].
Before matching for baseline features, the ATG group had
more frequent retransplantation, higher PRA and DDKT,
and more marginal donors than the BSX group. Those features of the BSX group were similarly matched to the ATG
group by matching that ended up with population. However, there was no difference in DGF development between
the two groups. With an in vivo mechanism of reducing
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leukocyte adherence to antigen-presenting endothelial
cells [27], ATG has shown a protective effect on DGF in several studies [28,29]. The discrepancy in our results could be
attributed to the relatively good donor condition, including
approximately 20% LDKTs and less than 6 hours of mean
CIT for the DDKT population. The mean donor creatinine
at donation was 1.6 to 1.7 mg/dL, and the incidence of DGF
was under 10% in our matched population, which resulted
in no difference in DGF development between the ATG
and BSX groups.
ATG was reported to be superior to BSX in preventing
rejection in not only high-risk patients but low-risk KT patients as well [5–8]. The current study revealed that the incidence of BPR may have been lower in the ATG group than
in the BSX group without statistical significance. Excluding
borderline BPR, the incidence of BPR, which is clinically
important, is similar between the two groups. This result is
consistent with prior research in France, which revealed no
difference in rejection rates between the two groups, unlike
preexisting large database studies [17].
The rejection prevention effect of ATG is not sufficient
due to the attenuated immunity of older patients with a
low risk of rejection [29]. Additionally, past studies only
considered zero mismatch before transplantation, so there
is a possibility that high-risk patients with acute preoperation existing DSA were included. The French study and
our study excluded patients with detectable DSA as the Luminex assay base. Compared to BSX, ATG was not effective
in preventing rejection since it was mainly used for lowrisk patients.
Compared to BSX treatment, the incidence of leukopenia is higher following ATG treatment due to the effect of
global T cell depletion; therefore, careful infection monitoring is necessary [30]. These infections could become
more serious, especially in elderly patients [11]. Similarly,
the previous French study revealed no increased incidence
of infection in the ATG group, as in our study. A previous
study of ABOi LDKT in elderly patients revealed that infection-related death in DDKT recipients is higher than
that of ABOi KT recipients due to the use of ATG; thus, ATG
induction therapy should be carefully monitored in the
elderly [31]. According to some studies, KT recipients who
received ATG are at a higher risk of infection [26,32].
In contrast to the French study and ours, the majority of
study participants use steroids as maintenance therapy.

Furthermore, some studies describe the use of cyclosporin-based immunosuppressive therapy rather than TACbased immunosuppressive therapy. As a result, in addition
to ATG, several other factors may have played a role in the
infection-related complications described herein. Similar
to the French study, this matched analysis showed that
ATG induction itself did not increase the risk of infection
in elderly KT recipients. This result could be important
evidence to determine the induction regimen for elderly
patients.
Similar to the French study [17], our study revealed that
the only difference between the ATG and BSX groups was
NODAT. Our study also revealed that the TAC requirement in the first 6 months of transplantation was lower in
the ATG group than in the BSX group. Different from the
French study, our results showed that the proportion of
patients using steroids from 1 year after transplantation
was significantly lower in the ATG group. No difference was
found in the number of patients who required continued
steroid use. No evidence suggests that ATG could be used
for more effective rejection prevention in early steroid
withdrawal, as shown in other randomized controlled trials [10]. Although the difference in the prevalence of BPR
is not statistically significant between groups, the lower
prevalence of rejection, including borderline rejection, in
the ATG group affected the low incidence of pulse steroid
therapy. As shown in Supplementary Fig. 2, steroid dosage
(maintenance dose) did not differ between the two groups.
However, the cumulative probability of pulse steroid therapy at 6 months after operation was significantly lower in
the ATG group than in the BSX group. From 1 year after
transplantation, a higher proportion of patients treated
with steroids experienced withdrawal in the ATG group. It
can be inferred that the frequency of steroid dose reduction and withdrawal was high from around 6 months after
transplantation for both groups. The relationship between
steroid use and NODAT has already been reported [10].
Low doses of TAC and steroids might be associated with a
lower incidence of NODAT in the ATG group. In our study,
the ATG group required a lower dose of steroids and TAC to
maintain immunological safety, which led to a significantly
decreased NODAT. The reduction of NODAT in the ATG
group is thought to be greater in elderly patients with an
already higher propensity for NODAT [33].
This study has several limitations. This is a retrospective
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study with relatively small sample size and unmeasured
confounders. A discrepancy was found in the immunosuppressive treatment strategies among institutions contributing to the KOTRY. The comparison of immunosuppressive
regimens and dosages relies not on consecutive data but
on spot measurements due to the data collection policy
of the KOTRY. We could not compare induction regimens
across institutions or obtain TAC trough levels at discharge
due to internal KOTRY registry regulations. There is no
information provided about the institution where a specific patient may have worked. Despite these limitations,
this study used a large multicenter database with matched
analysis and compared ATG and BSX induction therapies
among elderly low-risk patients. No difference was found
in graft survival, all-cause mortality, rejection, or infection
between the ATG and BSX groups. However, ATG reduced
maintenance TAC and steroid requirements and NODAT
incidence compared to BSX.
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Ureteral stent infection caused by Candida in a renal
transplant recipient
Haeun Lee1, Byung Ha Chung1, Chul Woo Yang1, In O Sun2
1

Division of Nephrology, Department of Internal Medicine, Seoul St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, Seoul,
Republic of Korea
2
Division of Nephrology, Department of Internal Medicine, Presbyterian Medical Center, Jeonju, Republic of Korea

A 49-year-old female who underwent deceased donor kidney transplantation 1 month prior visited the outpatient
clinic complaining of pitting edema. The patient’s endstage kidney disease was caused by immunoglobulin A
nephropathy, and hemodialysis had been performed for
7 years before the transplantation. Her serum creatinine
level was 1.1 mg/dL one week previous at discharge. She
received basiliximab as inductive immunosuppressive
therapy and was maintained on triple immunosuppressive
agents, including tacrolimus, mycophenolate mofetil, and
prednisolone. The patient was given nystatin and sulfamethoxazole/trimethoprim as antifungal and antibacterial
prophylaxis, respectively. Upon admission, the laboratory
findings were as follows: serum creatinine, 2.6 mg/dL;
C-reactive protein, 6.11 mg/dL; and pyuria. Ultrasonography revealed hydronephrosis of the graft kidney, suggesting ureteral stent obstruction. Percutaneous nephrostomy
was inserted to relieve the obstruction and infection, and
antegrade pyelography showed several radiolucent filling
defects in the transplant ureter (Fig. 1A). Piperacillin-tazobactam empirical antibiotic therapy was initiated. Blood
and urine cultures grew Candida albicans, so the initial
antibiotics therapy was transitioned to intravenous flu-

conazole. The ureter stent was exchanged to allow complete infection treatment several days later. The removed
ureter stent along with its surrounding white sheath were
streaked on blood agar, MacConkey’s agar plates, and thioglycollate broth, in which Candida albicans was identified
by the Vitek 2 system (bioMerieux, Marcy-l'Étoile, France)
(Fig. 1B). Although the ureter stent infection was treated
with antifungal therapy, a change in ureteral stent, and antegrade balloon dilatation, the patient required the ureteral
stent continuously due to transplant-related ureter stricture. Therefore, the patient eventually underwent robot-assisted laparoscopic repair to reconstruct the transplant
ureter stricture.
This study was approved by the Institutional Review
Board of the Presbyterian Medical Center, Jeonju, Republic
of Korea (No. E2022-055).
The routine use of ureter stents in kidney transplantation
reduces the incidence of urological complications while increasing the risk of concurrent urinary tract infections. Urinary tract infection is the most common infectious complication after kidney transplantation. Particularly in the
early posttransplant period, fungal infection of the urinary
tract is typically encountered following prolonged antibiot-
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Figure 1. Antegrade pyelography and the removed ureteral stent. (A) A percutaneous antegrade pyelogram showing several radiolucent filling defects (arrows) in the transplant ureter. (B) A removed ureteral stent from the patient after infection by Candida.

ic use, instrumentation, and indwelling urinary catheters.
The most common fungal pathogens include Candida and
Aspergillus species in transplant recipients. Apart from fungus balls, the radiographic differential diagnosis of filling
defects on a renal allograft pyelogram should include ureteral stones, blood clots, malignancy, sloughed papilla, and
organ rejection. The gold standard for diagnosing invasive
Candida infection is culture of sterile body fluid. We did
not assume a Candida infection until the culture results
were available in the present case. Therefore, the possibility of Candida infection should be considered in cases of allograft hydronephrosis that show radiolucent filling defects
in the transplant ureter, especially when accompanied by
urinary tract infection.
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et al.
Dapagliflozin in Patients with Chronic Kidney Disease N Engl J Med. 2020; 383:1436-1446.;
3. Mosenzon
Ofri.
et al. The
【성분·함량】
2) 제1형 당뇨병
또는 당뇨병성
케톤산증
환자Effect of Dapagliflozin on Albuminuria in
병용요법
DECLARE-TIMI58.
Diabetes
Care. 2021 Jul 7;dc210076. doi: 10.2337/dc21-0076. Online ahead
of print.
이 약 1정 (약 260mg)
중
3) 이 약은 유당 무수물을 함유한다. 갈락토오스 불내성(galactose intolerance), Lapp 유당
이전 당뇨병
약물치료를 받은 경험이 없는 경우 메트포르민과 병용투여 시, 이 약의 초기
유효성분: 다파글리플로진프로판디올수화물 (별규) 12.3mg (다파글리플로진으로서 10mg)
분해효소 결핍증(Lapp lactase deficiency) 또는 포도당-갈락토오스 흡수장애(glucose-galac권장용량은 1일 1회 5mg 또는 1일 1회 10mg이다.
첨가제: 정10밀리그램
무수유당(동물유래성분,
기원동물: 소, 사용부위: 우유), 미결정셀룰로오스,
tose malabsorption) 등의 유전적인 문제가 있는 환자에게는 투여하면 안된다. 전문의약품
만성 심부전 및 만성신장병
포시가
(다파글리플로진프로판디올수화물)
스테아르산마그네슘, 오파드라이II노란색(85F92582), 이산화규소, 크로스포비돈
4) 투석 중인 환자
이 약의 권장용량은 1일 1회 10 mg이다.
【성분·함량】
2)2.
제1형
또는
당뇨병성
케톤산증
환자
초기
【효능·효과】
다음당뇨병
환자에는
신중히
투여할
것
특수병용요법
집단
이
1정 (약
260mg)
중 제2형 당뇨병 환자의 혈당 조절을 향상시키기 위해 식사요법 및
3)1)이체액량
약은 유당
갈락토오스
불내성(galactose
intolerance), Lapp 유당
이전
당뇨병 약물치료를 받은 경험이 없는 경우 메트포르민과 병용투여 시, 이 약의 초기
1. 약
제2형
당뇨병:
이 약은
감소 무수물을
및 신기능 함유한다.
장애가 있는
환자에서의
투여
신장애
유효성분:
다파글리플로진프로판디올수화물
(별규)
12.3mg
(다파글리플로진으로서
10mg)
분해효소
결핍증(Lapp
lactase
deficiency)
포도당-갈락토오스
흡수장애(glucose-galac권장용량은
1일
1회
5mg
또는
2 1일 1회 10mg이다.
운동요법의 보조제로 투여한다.
이 약은 증상성 저혈압이나 크레아티닌의또는
급격하고
일시적인 변화로
나타날 수 있는 혈관 내
- eGFR 45mL/min/1.73m 미만 : 혈당조절 개선 목적으로 이 약을 투여하는 것은 권장되지
첨가제:
tose
malabsorption)
유전적인
있는
환자에게는
투여하면
만성
심부전 및 만성신장병
않는다.
- 단독요법무수유당(동물유래성분, 기원동물: 소, 사용부위: 우유), 미결정셀룰로오스,
혈량
저하를 유발할 등의
수 있다.
외국의문제가
시판후
조사에서
이 약을
포함한안된다.
SGLT-2 저해제를 투여한
스테아르산마그네슘,
오파드라이II노란색(85F92582), 이산화규소, 크로스포비돈
4)환자에서
투석 중인 환자
이- 약의
1일 1회 10
2 mg이다.
미만 : 만성 심부전 및 만성 신장병 환자에게 이 약의 투여를
eGFR권장용량은
25mL/min/1.73m
- 병용요법
급성 신장손상이 보고되었으며, 일부는 입원과 투석을 필요로 하였다. 신기능
【효능·효과】
2.
다음
환자에는
신중히
투여할
것
특수
집단
2
시작하는 것은 권장되지 않는다.
혈당이 충분히 조절되지 않는 제2형 당뇨병 환자 중 심혈관계 질환이 확인되었거나 심혈관계
장애(eGFR 60mL/min/1.73m 미만), 고령자, 루프계 이뇨제 등을 사용하고 있는 환자에서 혈량
1.
제2형 당뇨병:
이 약은 심혈관계
제2형 당뇨병
환자의 대한
혈당영향은
조절을‘사용상의
향상시키기
위해 식사요법
및
1)저하
체액량
감소
및 신기능
장애가
있는수환자에서의
투여특징들을 가진 환자에 대해 이 약의 투여를
신장애
- 투석 중인 환자 : 이 약을 2투여하지 않는다.
또는
저혈압
위험이
증가할
있다. 이러한
위험인자가
있는 환자에서
사건 발생에
주의사항,
11. 전문가를
운동요법의
이시작하기
약은 증상성
저혈압이나
급격하고
일시적인
변화로
나타날
수후있는
혈관증상
내및
- 간장애
eGFR 45mL/min/1.73m 미만 : 혈당조절 개선 목적으로 이 약을 투여하는 것은 권장되지
전 체액량
상태 및크레아티닌의
신장 기능에 대한
평가가
필요하며,
투여를
시작한
저혈압
위한 정보 3)보조제로
임상시험투여한다.
정보' 항을 참고한다.
않는다.
-2.단독요법
혈량
저하를
유발할
수
있다.
외국의
시판후
조사에서
이 약을 포함한 SGLT-2 저해제를 투여한
경증 또는 중등증의 간장애
환자에 대한 용량 조절은 필요하지 않다. 중증의 간장애 환자에
징후와 신기능에 대해 모니터링 한다.
만성 심부전: 좌심실 수축기능이 저하된 만성 심부전(NYHA class II-IV) 환자에서 심혈관
2
미만
: 만성 내약성이
심부전 및양호한
만성 경우,
신장병
이 약의 증가시킬
투여를
- 대하여,
eGFR 25mL/min/1.73m
-질환으로
병용요법인한 사망 및 심부전으로 인한 입원 위험성 감소
환자에서
급성대한
신장손상이
보고되었으며,
일부는
입원과
필요로
하였다.
시작 용량으로 5 mg이
권장된다.
이 환자에게
용량은 10mg으로
혈당 조절에
이 약의 유효성은
신장 기능에
따라
다르다.투석을
중등도의
신장애가
있는신기능
환자에서
2
루프계 이뇨제
시작하는
혈당이
조절되지
않는 제2형
당뇨병
환자 중 심혈관계 질환이 확인되었거나 심혈관계
장애(eGFR
2 등을 사용하고 있는 환자에서 혈량
미만인 제2형 당뇨환자에서 혈당조절
수 있다. 것은 권장되지 않는다.
혈당 조절60mL/min/1.73m
유효성이 감소하며미만),
eGFR고령자,
45mL/min/1.73m
이 약은충분히
다른 심부전
표준요법과
병용하여
투여한다.
저하 또는 저혈압 위험이 증가할 수 있다. 이러한 특징들을 가진 환자에 대해 이 약의 투여를
- 투석 중인 환자 : 이 약을 투여하지 않는다.
위험인자가 있는 환자에서 심혈관계 사건 발생에 대한 영향은 ‘사용상의 주의사항, 11. 전문가를
목적만으로 이 약을 투여하는 것은 권장되지 않는다(용법·용량 항 참조). 중등도의 신장애
고령자 (≥ 65세)
3. 만성신장병: 만성 신장병 환자에서 추정 사구체 여과율 [estimated glomerular filtration rate
시작하기 전 체액량 상태 및 신장 기능에 대한 평가가 필요하며, 투여를 시작한 후 저혈압 증상 및
간장애
위한 정보 3) 임상시험 정보' 항을 참고한다.
환자에서, 이 약을 투여한 피험자들은 위약을 투여한 피험자들에 비해 크레아티닌, 인, 부갑상샘
연령에 근거한 용량 조절은 권장되지 않는다.
(eGFR)]의 지속적인 감소, 말기 신장병에 도달, 심혈관 질환으로 인한 사망 및 신장 관련 사망
징후와 신기능에 대해 모니터링 한다.
경증 또는 중등증의 간장애 환자에 대한 용량 조절은 필요하지 않다. 중증의 간장애 환자에
2. 만성 심부전: 좌심실 수축기능이 저하된 만성 심부전(NYHA class II-IV) 환자에서 심혈관
호르몬(PTH) 상승 및 저혈압의 이상반응을 나타내는 비율이 더 높았다.
소아
위험성 감소
혈당 조절에 대한 이 약의 유효성은 신장
기능에 따라 다르다. 중등도의 신장애가 있는 환자에서
대하여, 시작 용량으로 5 mg이 권장된다. 내약성이 양호한 경우, 이 용량은 10mg으로 증가시킬
질환으로 인한 사망 및 심부전으로 인한 입원 위험성 감소
이 약은 eGFR 25 mL/min/1.73 m2 미만인 환자에게 투여를 시작한 경험이 제한적이다.
만 18세 미만의 소아에 대한 다파글리플로진의 유효성과 안전성은 확립되지 않았다. 관련
이 약은 다른 신장병 표준요법과 병용하여 투여한다.
혈당 조절 유효성이 감소하며2 eGFR 45mL/min/1.73m2 미만인 제2형 당뇨환자에서 혈당조절
수 있다.
이 약은 다른 심부전 표준요법과 병용하여 투여한다.
eGFR 25mL/min/1.73m 미만인 만성 심부전 환자 및 만성 신장병 환자에서 이 약의 투여를
자료가 없다.
【용법·용량】
목적만으로 이 약을 투여하는 것은 권장되지 않는다(용법·용량 항 참조). 중등도의 신장애
고령자 (≥ 65세)
3. 만성신장병: 만성 신장병 환자에서 추정 사구체 여과율 [estimated glomerular filtration rate
시작하는 것은 권장되지 않는다(용법·용량 항 참조).
투여방법
제2형 당뇨병
환자에서, 이 약을 투여한 피험자들은 위약을 투여한 피험자들에 비해 크레아티닌, 인, 부갑상샘
연령에 근거한 용량 조절은 권장되지 않는다.
(eGFR)]의 지속적인 감소, 말기 신장병에 도달, 심혈관 질환으로 인한 사망 및 신장 관련 사망
이 약은 음식 섭취와 관계없이, 1일 1회 하루 중 언제라도 경구 투여할 수 있다. 정제는 통째로
단독 요법 및 추가 병용 요법
호르몬(PTH) 상승 및 저혈압의 이상반응을 나타내는 비율이 더 높았다.
소아
위험성 감소
개정년월일 : 2021년8월12일
삼켜야 한다.
이 약의 권장 용량은 단독 요법 및 인슐린 등 다른 혈당 강하제와의 추가 병용 요법에 대하여 1일
이 약은 eGFR 25 mL/min/1.73 m2 미만인 환자에게 투여를 시작한 경험이 제한적이다.
만 18세 미만의 소아에 대한 다파글리플로진의 유효성과 안전성은 확립되지 않았다. 관련
이 약은 다른 신장병 표준요법과 병용하여 투여한다.
보다 자세한 사항은 제품설명서 전문을 참고하시기 바랍니다.
【사용상 주의사항】
1회 10mg이다. 이 약을 인슐린 또는 설포닐우레아와 같은 인슐린 분비 촉진제와 병용하여
eGFR 25mL/min/1.73m2 미만인 만성 심부전 환자 및 만성 신장병 환자에서 이 약의 투여를
자료가 없다.
【용법·용량】
aFOR20210820
1. 다음 환자에는 투여하지 말 것
사용하는 경우, 저혈당의 위험을 줄이기 위해 더 낮은 용량의 인슐린 또는 인슐린 분비 촉진제를
시작하는 것은 권장되지 않는다(용법·용량 항 참조).
투여방법
제2형 당뇨병
1) 이 약의 주성분 또는 첨가제에 대한 과민반응 병력이 있는 환자
고려할 수 있다.
이 약은 음식 섭취와 관계없이, 1일 1회 하루 중 언제라도 경구 투여할 수 있다. 정제는 통째로
단독 요법 및 추가 병용 요법
개정년월일 : 2021년8월12일
삼켜야 한다.
이 약의 권장 용량은 단독 요법 및 인슐린 등 다른 혈당 강하제와의 추가 병용 요법에 대하여 1일
보다 자세한 사항은 제품설명서 전문을 참고하시기 바랍니다.
【사용상 주의사항】
1회 10mg이다. 이 약을 인슐린 또는 설포닐우레아와 같은 인슐린 분비 촉진제와 병용하여
포시가정은
(1)저혈당의
제2형 당뇨병
혈당더조절의
향상, (2)
좌심실
만성 심부전(NYHA
class투여하지
II-IV) 환자에서
(3) 만성 신장병 환자에서 추정 사구체 여과율 (eGFR)의 지속적인 감소, 말기 신장병에
aFOR20210820
1. 다음 환자에는
말 것 심혈관 질환으로 인한 사망 및 심부전으로 인한 입원 위험성 감소,
사용하는
경우,
위험을 환자의
줄이기 위해
낮은 용량의
인슐린
또는수축기능이
인슐린 분비저하된
촉진제를
도달, 심혈관
어떤
상황에서도
포시가의
1) 이한국
약의아스트라제네카는
주성분 또는 첨가제에
대한
과민반응 병력이
있는미허가
환자 사용을 권장하지 않습니다.
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[제품명] 솔리리스®주 [조성] 1바이알(30mL)중 에쿨리주맙 300mg [효능·효과] 1) 발작성 야간 혈색소뇨증(PNH : Paroxysmal Nocturnal Hemoglobinuria) 용혈을 감소시키기 위한 발작성 야간 혈색소뇨증(PNH : Paroxysmal Nocturnal Hemoglobinuria) 환자의 치료. 수혈 이력과 관계없이, 높은 질병 활성을 의미하
는 임상 증상이 있는 환자의 용혈에 임상적 이익이 확립되었다. 2) 비정형 용혈성 요독 증후군(aHUS : atypical Hemolytic Uremic Syndrome) 보체 매개성 혈전성 미세혈관병증을 억제하기 위한 비정형 용혈성 요독 증후군(aHUS : atypical Hemolytic Uremic Syndrome) 환자의 치료 · 사용제한 : 시가(Shiga) 톡신 생
성 대장균에 의한 용혈성 요독 증후군(STEC-HUS) 환자 대상의 적용을 권장하지 않는다. 3) 전신 중증 근무력증(Generalized Myasthenia Gravis) 항아세틸콜린 수용체 항체 양성인 환자의 불응성 전신 중증 근무력증(Refractory gMG: Refractory Generalized Myasthenia Gravis)의 치료 4) 시신경 척수염 범주 질환
(Neuromyelitis optica spectrum disorder) 항아쿠아포린-4(AQP-4) 항체 양성인 환자의 시신경 척수염 범주 질환(NMOSD: Neuromyelitis optica spectrum disorder)의 치료 [용법·용량] 심각한 감염에 대한 위험을 줄이기 위해서 환자들은 최신의 백신 접종 지침(Advisory Committee on Immunization Practices(ACIP)
recommendations)에 따라 백신 접종을 해야 한다.(사용상의 주의사항 1. 경고 항 참고) 이 약은 정맥투여되어야 하며 급속정맥투여(IV push) 또는 일시정맥투여(IV bolus)로 투여해서는 안된다. <성인> 1) 발작성 야간 혈색소뇨증(PNH) : 첫 4주간은 매 7일마다 600 mg, 네 번째 용량 투여 7일 후에 다섯 번째 용량으로 900
mg을 투여하고, 그 후부터는 매 14일마다 900 mg을 투여한다. 이 약은 권장 투여량과 일정에 맞게 투여, 혹은 예정된 일정의 2일 전/후로 투여 되어야 한다. 2) 비정형 용혈성 요독 증후군(aHUS) 및 불응성 전신 중증 근무력증(Refractory gMG) 및 시신경 척수염 범주질환(NMOSD) : 첫 4주간은 매 7일마다 900 mg, 네 번
째 용량 투여 7일 후에 다섯 번째 용량으로 1200 mg을 투여하고, 그 후부터는 매 14일마다 1200 mg을 투여한다. <소아> 1) 비정형 용혈성 요독증후군(aHUS) 만 18세 미만의 aHUS 환자일 경우, 체중에 따라 권장 일정으로 투여한다. (제품정보 원문 용법·용량 [표 1] 만 18세 미만 환자에서의 권장투여법 참고) 이 약은 권장
투여량과 일정에 맞게 투여, 혹은 예정된 일정의 2일 전/후로 투여되어야 한다. <혈장교환요법 및 신선 동결혈장투여시> 성인 및 소아 비정형 요독증후군, 성인 불응성 전신 중증 근무력증 및 시신경 척수염 범주질환 환자에 대해 PE/PI(혈장 교환 요법(plasma exchange 또는 plasmapheresis), 또는 신선 동결 혈장 투여
(fresh frozen plasma infusion))와 같은 부수적 시술을 받는 경우 추가 용량 투여가 필요하다. (제품정보 원문 용법·용량 [표 2] PE/PI 이후 이 약의 추가적 투여법 참고) [사용상의 주의사항] 1. 경고 중대한 수막구균 감염 작용기전으로 인하여 이 약의 사용은 중대한 수막구균 감염(패혈증 그리고/또는 뇌수막염)에 대한
환자의 감수성을 증가시킨다. 이 약의 투여 환자에게서 치명적이고 생명을 위협하는 수막구균 감염이 발생하였다. 수막구균 감염은 어느 혈청군에 의해서도 발생할 수 있지만, 이 약의 투여 환자들은 흔하지 않은 혈청군(X 등)에 의한 질환이 발생할 수 있다. 감염의 위험성을 낮추기 위하여, 이 약의 치료가 지연됨으로 인
한 위험성이 수막구균 감염 발생의 위험성보다 큰 경우를 제외하고는 모든 환자들은 반드시 이 약의 투여 시작 최소한 2주 전에 수막구균 백신을 투여 받아야 한다. 만약 접종 받지 않은 환자가 긴급히 이 약의 치료를 받아야 하면, 최대한 빨리 수막구균 백신을 투여 받도록 한다. 수막구균 백신 접종 이후 2주 이내 이 약을
투여할 경우, 4가 수막구균 백신 접종 이후 2주 동안 적절한 예방적 항생요법으로 치료 받아야 한다. 흔한 병원성 수막구균 혈청군을 예방하기 위하여 가능하다면 혈청군 A, C, Y, W135, B에 대한 백신이 권장된다. 환자들은 백신 사용을 위한 최신의 백신 접종 지침(Advisory Committee on Immunization Practices(ACIP)
recommendations)에 따라 백신을 접종 혹은 재접종 받아야 한다. 백신 접종은 보체를 더욱 활성화시킬 수 있다. 결과적으로, PNH, aHUS, 불응성 gMG 및 NMOSD를 포함한 보체 매개 질환을 가진 환자들은 용혈(PNH의 경우)이나 혈전성 미세혈관병증(TMA; aHUS의 경우) 또는 중증 근무력증의 악화(불응성 gMG의
경우) 또는 재발(NMOSD의 경우)과 같은 그들의 기저 질환의 징후 및 증상이 증가하는 경험을 할 수 있다. 따라서, 지침에 따른 백신 접종 이후 질환의 증상에 대해 면밀히 관찰되어야 한다. 백신 접종은 수막구균 감염 위험을 줄일 수 있지만, 완전히 없애지는 않는다. 적절한 항생제 사용에 대한 공식 지침(예: 국내 성인
세균성 수막염의 임상진료지침 권고안 등)을 고려하여야 한다. 수막구균 감염의 초기 징후나 증상이 나타나는지 면밀히 관찰하고, 감염이 의심되면 즉시 검사받아야 한다. 환자는 이러한 징후와 증상 및 즉시 치료를 받는 절차에 대해 안내 받아야 하며, 담당 의사는 반드시 환자와 이 약의 치료의 위험과 이익을 상의하
여야 한다. 수막구균 감염은 초기에 발견하고 치료하지 않으면 급격히 치명적이고 생명을 위협하게 될 수 있다. 중대한 수막구균 감염을 치료받는 환자는 이 약의 투여를 중지하도록 한다. 2. 다음 환자에는 투여하지 말 것 1) 이 약의 주성분, 뮤린 단백질 또는 기타 구성성분에 과민반응이 있는 환자 2) 치료되지 않은 중대
한 수막구균(Neisseria meningitidis) 감염 환자 3) 수막구균(Neisseria meningitidis) 백신을 현재 접종하지 않은 환자 또는 백신 접종 이후 2주 동안 적절한 예방적 항생요법으로 치료를 받지 않은 환자(이 약의 치료를 늦추는 것이 수막구균 감염을 일으키는 것보다 중대하지 않은 경우) 3. 다음 환자에는 신중히 투여할 것
1) 기타 전신 감염: 작용기전으로 인하여 이 약의 치료는 활성 전신 감염이 있는 환자들에게 주의하여 투여하여야 한다. 이 약은 말단 보체 활성을 차단하므로 환자들은 감염, 특히 Neisseria균 및 피낭성 세균(encapsulated bacteria) 감염에 대한 감수성이 증가할 수 있다. 파종성 임균 감염을 포함하는 N. meningitidis 외
의 Neisseria 종에 의한 중대한 감염이 보고되었다. 잠재적인 중대한 감염과 그 증상 및 징후에 대한 인식을 높이기 위하여 환자용 정보 안내서의 정보를 환자에게 제공해야 한다. 임질 예방에 관해 환자에게 조언해야 하고 위험성이 있는 환자는 정기적인 검사를 권고한다. 더욱이, 면역력이 약화된 환자와 호중구 감소 환
자에서 아스페르길루스 감염이 발생하였다. 이 약을 투여 받는 소아는 폐렴연쇄상구균(Streptococcus pneumonia)과 인플루엔자 간균 B형(Haemophilus influenza type b(Hib))에 의해 중대한 감염을 일으킬 위험이 증가할 수 있다. 폐렴연쇄상구균(Streptococcus pneumonia)과 인플루엔자 간균 B형(Haemophilus
influenza type b(Hib))에 의한 감염을 예방하기 위해 최신의 백신 접종 지침에 따라 백신 접종을 받도록 한다. 전신 감염이 있는 환자에게 이 약을 투여할 때는 주의하도록 한다. 에쿨리주맙에 안정되고 유지 요법을 받는 환자에게 추가적인 백신 접종이 필요한 경우, 이 약 투여에 따른 백신 접종 시기를 신중히 고려해야
한다. 2) 실험실적 검사 결과 모니터링: PNH 환자는 LDH 수치를 확인하여 혈관 내 용혈을 관찰, aHUS 환자는 혈소판 수, 혈청 LDH, 혈청 크레아티닌을 측정하여 미세혈관병증 여부를 관찰하여야 하며, 유지기간 동안 권장 투여일정(14±2일)내에서 용법·용량 조정이 필요할 수 있다(매 12일까지). 4. 약물이상반응 시
판 후 보고 및 완료된 임상시험에서 보고된 약물이상반응(발생률 1% 이상 발췌): 매우 흔하게(≥1/10) – 두통, 흔하게(≥1/100 ~ <1/10) - 폐렴, 상기도감염, 비인두염, 기관지염, 요로 감염, 구강 헤르페스, 백혈구감소증, 빈혈, 불면, 현기증, 미각이상, 고혈압, 기침, 입인두통, 설사, 구토, 구역, 복부통증, 발진, 탈모, 소
양증, 관절통, 근육통, 열, 피로감, 인플루엔자 유사질환모든 임상시험에서, 가장 중대한 이상반응은 수막구균 패혈증이었고, 이는 이 약으로 치료받은 환자에서 수막구균 감염증의 흔한 증상이었다. 수막구균 패혈증의 징후와 증상에 대해 환자에게 알리고 즉시 의료 조치 받을 것을 환자에게 권고해야 한다. Neisseria
gonorrhoeae, Neisseria sicca / subflava, Neisseria spp unspecified로 인한 패혈증을 포함하여 Neisseria 종의 다른 사례들이 보고되었다. [제조원] 알렉시온 [수입판매원] (주)한독 [최종개정일] 2021-02-18 *보다 자세한 정보는 제품 설명서를 참조하시기 바랍니다.
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※ 제품에 대한 보다 자세한 정보는 최신의 제품설명서를 참고하시기 바랍니다.
[수입판매자] 한국세르비에㈜ 서울시 영등포구 여의대로 24, 23층 (우) 07320 Tel. 02-3415-8500 (www.servier.co.kr) [제품 의학정보 문의] Tel. 02-3415-8500 e-mail: medinfo.korea@servier.com
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COUNT ON
FABRAZYME

Treat your Fabry disease patients
with Fabrazyme

1 mg kg

once every 2 weeks1

Reference 1. 파브라자임®주35밀리그램(아갈시다제베타) 국내 제품설명서(2021.01.12).
파브라자임®주 35밀리그램(아갈시다제베타) [효능·효과] 파브리병(α-galactosidase A 결핍)으로 확진된 환자의 장기간 효소대체요법 [용법·용량] 이 약의 권장량은 체중 Kg당 1mg을 정맥 주입으로 2주에 1회씩 투여. 환자는 약의 주입 전에 해열제를 투여받아야 함.
초기 주입속도는 0.25mg/min(15mg/hour) 이상을 넘어서는 안됨. 주입 반응이 나타날 경우 주입속도를 늦출 수 있음. 환자의 내약성이 생긴 후 주입속도는 점차로 증대될 수 있음. 각각의 차후 주입 시 0.05~0.08mg/min(3~5mg/hr) 만큼씩 주입 속도를 증가시킬 수 있음.
‘용액 제조 방법’은 상세 제품정보를 참조한다. [사용상의 주의사항] 경고 1) 아나필락시스 반응 및 알러지 반응 : 이 약 주입 중 생명을 위협하는 중대한 알러지 반응과 아나필락시스 반응이 관찰되었음. 2) 주입반응 : 이 약에 대한 임상시험에서 이 약으로 치료받은 환자 중
약 50-55%에서 주입반응이 나타났으며 일부 반응은 중증이었음. 3) 심장기능 손상 : 파브리병이 진행된 환자는 심장기능이 손상될 수 있으며, 이는 주입반응으로 인하여 환자를 위험성이 더 큰 중대한 합병증에 취약하게 만들 수 있음. 4) 면역원성과 재투여 : 이 약에 대한
임상시험에서 소수의 환자가 이 약에 특이적으로 반응이 나타나는 피부반응 또는 IgE 항체를 발현하였음. 금기 주성분이나 부형제에 생명을 위협할만한 아나필락시스 반응(Anaphylactic reaction)을 나타내는 환자 이상사례 1) 임상시험 중 이상사례 : 임상시험 중 이 약의
치료와 관련하여 보고된 가장 중대한 이상사례는 아나필락시스 반응과 알러지반응이었음. 이 약의 가장 흔한 이상사례는 주입반응이었으며 이 중 일부는 중증반응이었음. 중대한 및/또는 빈번히 발생하는 (5% 이상의 발생률) 이상사례는 다음에 나열된 증상들이 한 가지 또는 그
이상 결합되어 나타남. : 오한, 발열, 냉열감, 호흡곤란, 구역, 홍조, 두통, 구토, 감각이상, 피로, 가려움증, 사지동통, 고혈압, 흉통, 인후경직, 복통, 어지러움, 빈맥, 비충혈, 설사, 말초부종, 근육통, 요통, 창백, 서맥, 두드러기, 저혈압, 얼굴부종, 발진, 졸음증. 졸음증은 이 시험이
항히스타민제로 전처치한 임상시험이기 때문에 나타날 수 있음. 중재가 필요한 대부분의 주입관련반응은 주입속도를 늦추거나 일시적으로 주입을 중지하거나/하고 해열제, 항히스타민제 또는 스테로이드제제를 투여함으로써 개선됨. 보고된 또 다른 중대한 이상사례에는
뇌졸중, 통증, 운동실조증, 서맥, 심장부정맥, 심장정지, 심박출감소, 현기증, 청각저하증과 신증후군이 있음. 2) 면역원성: 임상 시험 중 이 약으로 치료받은 121명의 성인 환자 중 95명(79%), 16명의 소아 환자 중 11명(69%)에게서 젠자임파브라자임 IgG 항체가 발현되었음.
IgG 항체가 발현된 대부분의 환자들은 노출 후 초기 3개월 이내에 나타난 것임. 이 약에 대한 억제항체 및/또는 결합항체의 임상적 유의성은 알려진 바 없음. 다른 모든 치료단백질과 마찬가지로 면역원성에 대한 잠재성이 있음. 3) 시판 후 조사: 임상시험 중 이상사례 항에 보고된
이상사례 이외에, 다음의 이상사례는 아갈시다제 베타의 시판 후 사용기간 동안 보고되었음. : 관절통, 무력증, 홍반, 다한증, 주입부위반응, 눈물흘림 증가, 백혈구 파괴성 맥관염, 림프절병, 감각저하, 구강 감각저하, 심계 항진, 콧물, 산소포화도 감소, 저산소증, 막사구체신염
※보다 자세한 내용은 홈페이지(www.sanofi.co.kr)나 제품설명서를 참고하시기 바랍니다. 최종문안개정연월일: 2021.01.12
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1 mg/kg once every 2 weeks
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