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Editorial
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Blood pressure management in treatment-naïve
hypertensive patients
Ji Yong Jung
Division of Nephrology, Department of Internal Medicine, Gachon University Gil Medical Center, Gachon University College of Medicine,
Incheon, Republic of Korea

See Article on Page 31–42

Hypertension is very common and can be asymptomatic
or mild in the early stages, which can lead to various complications if not managed in a timely manner [1]. Many
previous studies have reported that appropriate treatment
of hypertension is beneficial to reduce the risk of negative
cardiovascular disease (CVD) outcomes, including heart
failure, stroke, myocardial infarction, and kidney failure [2].
For this reason, setting an optimal target blood pressure
(BP) should be a primary concern. Although there can be
inconsistencies among clinicians who treat patients with
hypertension, the target BP is 140/90 mmHg or lower,
which has been the consensus for a long time [3]. However,
based on recent studies that have indicated a lower target
BP to be more effective, several guidelines have shown a
preference to lower the traditional target BP. A large randomized controlled trial, the Systolic Blood Pressure Intervention Trial (SPRINT), showed that intensive control of
systolic BP (SBP) at <120 mmHg reduced the risk of adverse
clinical events [4]. Recently, different organization guidelines [5–7] have set the target BP somewhat lower (Table 1).
However, since this target BP is a value measured by stan-

dardized BP equipment, it tends to be difficult to apply in
the outpatient clinic environment in Korea. Therefore, the
Korean Society of Hypertension sets the target value somewhat higher in consideration of conventional BP measurement variations [8].
While strict BP control is clearly effective in reducing
CVD risk and mortality, the risk of decreased kidney function due to renal hypoperfusion is important to consider
when controlling hypertension [9]. Moreover, most previous trials have attempted to find an optimal target BP that
can be used in patients prescribed antihypertensive drugs,
so they cannot provide information on the appropriate
timing of BP management in patients who have not been
treated with antihypertensive drugs.
Lee et al. [10] analyzed 7,343 participants to investigate
the association between BP and risk of incident chronic
kidney disease (CKD) in a large prospective Korean population cohort who had never taken any prior antihypertensive medication. They used data from the Korean Genome
and Epidemiology Study (KoGES) in which all participants
underwent serial medical examinations (including biannual BP measurement); assessment of current antihypertensive and CVD medication use was based on participants’
self-report questionnaires. The primary outcome was
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Table 1. Target blood pressure recommendations for those with underlying comorbidities (mmHg)
Condition
General

2018 KSH
<140/90

Elderly (age ≥ 65 yr)
Diabetes mellitus
With CVD
Without CVD
CVD
Cardiovascular
Cerebrovascular
CKD
No albuminuria
Albuminuria

<140/90

2108 ESC/ESH
<140/90
<130/80 (tolerated)
<140/80
<130/80

2017 ACC/AHA
<130/80

2021 KDIGO

<130/80
<130/80

<140/85
<130/80
<130/80

<130/80

<140/80

<130/80

≤130/80
<140/90
<120 (SBP) (tolerated)

<140/90
<130/80

All targets were monitored optimally with standardized office blood pressure measurement equipment or automated oscillometric blood pressure monitoring.
ACC/AHA, American College of Cardiology/American Heart Association; CKD, chronic kidney disease; CVD, cardiovascular disease; ESC/ESH, European
Society of Cardiology/European Society of Hypertension; KDIGO, Kidney Disease: Improving Global Outcomes; KSH, Korean Society of Hypertension.
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Figure 1. The relationship between blood pressure and incident chronic kidney disease in treatment-naïve participants. An analysis of (A) systolic blood pressure (SBP) and (B) diastolic blood pressure (DBP) as time-varying variables led to creation of a reference
group with SBP of 110–119 mmHg and DBP of 70–79 mmHg. The 95% confidence interval (CI) and hazard ratio (HR) for chronic kidney disease occurrence in each group was shown; *p < 0.05. This figure is based on the data in Table 1 of the original article [10].

incident CKD, and they also estimated incident CVD as a
secondary outcome. The mean age of the participants was
51 years, and 51% of them were women. BP was measured
five times on average during the follow-up period, and
the mean SBP and diastolic BP (DBP) reading were 122
± 17 mmHg and 82 ± 11 mmHg, respectively. Their study
divided the participants into six categories according to
SBP (<100, 100–119, 120–129, 130–139, 140–159, and ≥160
mmHg) and five categories according to DBP (<70, 70–79,
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80–89, 90–99, and ≥100 mmHg). When the BP was considered a time-varying variable, the risk of CKD was increased
in patients with SBP of ≥130 mmHg and DBP of ≥90 mmHg
(Fig. 1). The lowest CKD risk was identified in people with
a time-varying SBP between 100 and 119 mmHg, and CKD
hazard was nearly constant in those with time-varying DBP
of <80 mmHg. The incident CVD risk according to BP was
similar to the incident CKD risk, as was observed in patients with SBP of ≥130 mmHg and DBP of ≥90 mmHg.

Jung. Blood pressure and CKD incidence in treatment-naïve patients

Although the authors used relatively large-scale prospective cohort data with well-managed data, there was a risk of
selection bias because patients who were currently taking
antihypertensive drugs and patients with a history of CKD
and CVD were excluded at the start of the observation. In
addition, although the researchers treated BP as a time-varying variable and analyzed it as such, it seems insufficient to
represent patient BP data using BP measurements obtained
only twice a year. After publication of the SPRINT trial results, there was a consensus on the tendency to decrease
the optimal BP target. However, direct application of the
results to treatment-naïve individuals requires caution
because previous studies have targeted patients who are
already taking antihypertensive drugs [4,5,9]. In this regard,
the usefulness of this study [10] is to provide information
that will help determine the timing of antihypertensive administration to treatment-naïve patients. However, because
the target BP falls in the hypertension category, it is unclear
why all patients are not prescribed antihypertensive agents.
Therefore, it is not possible to provide information on the
effectiveness of a therapeutic lifestyle; the only factors that
can be assessed are the antihypertensive agent and the
application period. In addition, the authors found an interaction between patient outcomes and age category through
stratification analysis and reported that patients under 60
years of age with hypertension had increased risk of negative
clinical outcomes. In addition to the low rates of awareness
and treatment of hypertension, many elderly patients who
had high risk of comorbidities were excluded at baseline, so
a relatively good result could possibly have been obtained
during the observation period.
In summary, Lee et al. [10] suggested that SBP of ≥130
mmHg or DBP of ≥90 mmHg was associated with an
increased risk of incident CKD in hypertension treatment-naïve individuals. Therefore, while those BP readings
are meaningful in suggesting the starting point of treatment
to prevent the onset of CKD in this population, they do not
provide an appropriate target during treatment. Thus, additional research is needed to determine the optimum BP
for patients undergoing hypertension treatment.
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Prostaglandin E2 receptors as therapeutic targets in
renal fibrosis
Henricus A.M. Mutsaers, Rikke Nørregaard
Department of Clinical Medicine, Aarhus University, Aarhus, Denmark

Prostaglandin E2 (PGE2), a lipid mediator produced by the cyclooxygenase enzyme system, is the main prostaglandin in the kidney.
PGE2 is involved in various physiological and pathophysiological processes in the kidney, including renal hemodynamics, water and
salt balance, and renal fibrosis—a key pathological feature of progressive kidney diseases. PGE2 functions by binding to four G-protein-coupled EP receptors (EP1 to EP4), which stimulate different intracellular signaling pathways. The intrarenal distribution of the
four EP receptors as well as the different downstream signaling pathways associated with each receptor give rise to the distinct functional consequence of activating each receptor subtype. This review summarizes the current data on the renal expression of the four
EP receptors and delineates the role of each receptor in renal fibrosis.
Keywords: Chronic kidney disease, Cyclooxygenase-2, Prostaglandin E2, Renal fibrosis

Introduction
Chronic kidney disease (CKD) affects 8% to 16% of the
global population and is the 16th leading cause of years of
life lost. CKD incidence and prevalence have been increasing concurrently with increases in lifespan and lifestyle
diseases such as diabetes, hypertension, and obesity [1,2].
CKD is defined by the presence of kidney abnormalities, a
decline in renal function (glomerular filtration rate [GFR]
of <60 mL/min/1.73 m2), or albuminuria for more than 3
months [3]. CKD is characterized by the development of
renal fibrosis and progressive loss of renal function, and
ultimately CKD leads to end-stage renal disease (ESRD).
The main goal of CKD therapy is to hamper progression

to ESRD by treating underlying diseases, such as hypertension, diabetes, and albuminuria, and to prevent cardiovascular disease, which is the main cause of morbidity
and mortality in CKD patients [4]. However, despite these
therapeutic approaches, the absolute risk of renal and
cardiovascular morbidity and mortality in the CKD population remains extremely high [5]. Therefore, more effective
therapeutic options are needed to effectively halt the progression of renal function loss.
Regardless of the primary cause, renal fibrosis is the
hallmark of progressive CKD. Fibrosis is characterized by
excessive deposition of extracellular matrix (ECM) proteins by activated myofibroblasts, resulting in loss of organ
architecture (scarring) and function [6,7]. Fibrogenesis is
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initiated in response to chronic kidney damage; following
renal injury, profibrotic factors are produced by injured
tubular epithelial cells and infiltrating inflammatory cells
that stimulate signaling events leading to myofibroblast activation and ECM production [8,9].
Transforming growth factor-β (TGF-β) is one of the key
regulators involved in the fibrotic process and, irrespective
of etiology, elevated TGF-β levels correlate with increased
activity of profibrotic signaling pathways and CKD progression [10,11]. TGF-β can directly promote ECM protein production, including collagen 1 and fibronectin, via the Smad
signaling pathway, which is recognized as a major pathway
of TGF-β signaling in progressive renal fibrosis [10,12].
Moreover, several studies have demonstrated that TGF-β
stimulates expression of cyclooxygenase-2 (COX-2) and
the production of its metabolic product prostaglandin E2
(PGE2) in renal cells [13–18], indicating an important role
for the COX-2/PGE2 system in renal fibrosis and CKD. The
focus of this review is the role of PGE2 in the development
and progression of renal fibrosis in CKD. We will particularly highlight PGE2 EP receptors as promising targets for
renal fibrosis.

The prostaglandin system
Prostaglandins are important lipid mediators that play
critical roles in modulating numerous physiological and
pathophysiological actions in different organs. In the kidney, prostaglandins are of major importance for regulating
renal hemodynamics, like mediating blood pressure and
fluid metabolism [19–21]. Similarly, prostaglandin synthesis can be stimulated in response to different pathophysiological situations, including inflammation, pain, and cancer [22,23]. Prostaglandins are derived from arachidonic
acid and are metabolized to the intermediary product
prostaglandin G2/prostaglandin H2 (PGG2/PGH2), which
is further converted to the bioactive PGE2, prostaglandin
I2 (PGI2), prostaglandin D2 (PGD2), prostaglandin F2α
(PGF2α), and thromboxane A2 (TXA2) by tissue-specific
synthases [24]. These prostaglandins primarily exert their
function by binding to specific prostaglandin receptors,
with each prostaglandin modulating different cellular
biochemical pathways depending on the specific receptor
stimulated [25–27]. COX chiefly regulates the production
of the five abovementioned prostaglandins by adjusting

the substrate (PGG2/PGH2) supply to the individual tissue-specific synthases. The COX enzyme exists in two
isoforms; COX-1 and COX-2. We have previously provided
an exhaustive review of the role of the COX enzymes in
several physiological and pathophysiological processes in
the kidney [28].

Prostaglandin E2
PGE2 is the major prostaglandin in the kidney and the role
of PGE2 in renal health and disease has been widely studied. PGE2 can be produced by all renal cells via the enzyme
PGE2 synthase. Currently, three PGE2 synthases have been
cloned, including microsomal prostaglandin E2 synthase
(mPGES)-1, mPGES-2, and cytosolic PGES [29]. Among
the three PGES isoforms, mPGES-1 has been identified as
the most abundant renal PGES. It is highly inducible in response to (patho)physiological stimuli and acts in concert
with COX-2 to generate PGE2 [29–31]. The role of mPGES-1
in CKD is complex [32]. In a paper by Jia et al. [33], it was
demonstrated that inhibition of mPGES-1 may be a novel
therapeutic strategy for improving renal function and urine
concentration ability in an experimental model of CKD.
PGE2 can bind to four G-protein-coupled EP receptors
(EP1–EP4) that stimulate different intracellular signaling
pathways [25–27,34,35]. The COX pathway leading to PGE2
synthesis as well as its downstream receptors are depicted in Fig. 1. These EP receptors are often simultaneously
expressed in renal cells and their relative expression levels
dictate the overall cellular response to PGE2. The localization of the EP receptors along the nephron is illustrated in
Fig. 2.
The EP1 receptor is highly expressed in the collecting
duct [36–38], but EP1 is also found in proximal tubules
[39], glomerular mesangial cells (MCs) [40], and podocytes
[41,42] as well as in thick ascending limbs [43]. Activation
of EP1 increases intracellular calcium, thus contributing
to the natriuretic and diuretic effects of PGE2 [43-45], as
well as playing an important role in the regulation of blood
pressure [46]. The EP2 receptor is detected in vascular
smooth muscle cells and renal interstitial cells. Additionally, EP2 is also expressed in glomeruli, the descending thin
limb of the loop of Henle, and cortical and outer medullary
collecting ducts as shown by reverse transcription polymerase chain reaction and functional studies [47–50]. EP2
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Figure 1. The cyclooxygenase enzyme system and prostaglandin E2 signaling pathways.
cAMP, cyclic adenosine monophosphate; COX, cyclooxygenase; EPRAP, EP4 receptor-associated protein; ERK, extracellular signal-regulated kinase; IP3, inositol trisphosphate; PGES, prostaglandin E synthase; PGE2, prostaglandin E2; PGG2, prostaglandin G2; PGH2,
prostaglandin H2; PI3K, phosphoinositide 3-kinase.

stimulates adenylate cyclase and signals via the secondary messenger cyclic adenosine monophosphate (cAMP)
[26]. In addition, it has been described that EP2 also can
signal through β-arrestin-dependent pathways, including
extracellular signal-regulated kinase and AKT [51]. The
EP3 receptor is mainly expressed in the distal nephron
and is most abundant in medullary thick ascending limbs
and collecting ducts [52,53]. EP3 exists as different splice
variants that define the preference for G-protein coupling
[54,55]. It preferentially signals via Gi protein to inhibit adenylate cyclase and thereby decrease cAMP levels. However,
EP3 is also involved in the regulation of intracellular calcium levels [26,34] and activation of the G12/G13 pathway,
which activates Rho kinase [56]. The EP4 receptor is abundantly expressed in vascular tissue but also found in nearly
all renal cell types, including proximal tubules, collecting
ducts, thick ascending limb, and distal tubules [39,48].
Like the EP2 receptor, the EP4 receptor signals via Gαs to
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increase cAMP levels but coupling to Gi and β-arrestin has
also been demonstrated [57,58]. The intrarenal distribution
of EP receptors, as well as the different downstream signaling pathways, suggest distinct functional consequences of
activating each receptor subtype. Next, we will delineate
the role of each EP receptor in the development and progression of renal fibrosis. Moreover, the impact of EP receptor modulation on renal fibrosis is summarized in Table 1.

The role of prostaglandin E2 EP receptors in
development and progression of renal fibrosis
EP1
In 1999, Ishibashi et al. [40] reported that treatment with
SC-51322, a specific EP1 receptor antagonist, dose-dependently reduced high-glucose-induced DNA synthesis
in rat MCs. They believed that increased MC proliferation
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Figure 2. Renal distribution of the prostaglandin E2 receptors EP1 to EP4.

reflected the early stages of glomerulosclerosis; thus, their
findings suggested that EP1 receptor antagonism might be
beneficial for treating diabetic nephropathy. Three years
later, they demonstrated that selective EP1 blockade, using
ONO-8713, attenuated nephropathy progression in a rat
model of type-1 diabetes [59]. With regard to glomerulosclerosis, they observed that treatment with ONO-8713
markedly reduced glomerular messenger RNA (mRNA)
expression of TGF-β1 and fibronectin in diabetic rats [59].
However, despite these promising results, research into
the EP1 receptor and diabetes-induced renal fibrosis was
virtually absent for a decade. In 2013, Thibodeau et al. [60]
studied the onset and progression of diabetic nephropathy in EP1−/− mice. Their study revealed that absence of
the EP1 receptor protected against diabetes-induced renal injury, illustrated in part by a reduction in mesangial
matrix deposition and cortical fibronectin expression
compared with diabetic mice. Additionally, they showed
that treatment with ONO8711 as well as EP1 small interfering RNA (siRNA) completely mitigated PGE2-induced

fibronectin expression in mouse proximal tubule cells
[39,60]. In line with these results, it has been reported that
fibronectin and collagen I expression was lower in TGF-βexposed EP1−/− MCs than in wild-type (WT) MCs [17]. The
exact molecular mechanisms underlying the protective
effects of EP1 antagonism remain unclear; however, it has
been postulated that it might be related to a reduction in
reactive oxygen species and suppression of endoplasmic
reticulum (ER) stress [39,61]. Next to diabetic nephropathy, it has been proposed that the EP1 receptor plays a role
in hypertension-related renal injury. Suganami et al. [62]
demonstrated, in stroke-prone spontaneously hypertensive rats, that treatment with ONO-8713 for 5 weeks improved renal function and attenuated the development of
interstitial fibrosis. Conversely, in mice with long-standing
hypertension, it was demonstrated that absence of the EP1
receptor was associated with a reduction in glomerular
filtration as well as ultrastructural injury to podocytes and
glomerular endothelium [63]. Interestingly, in both studies
the impact of EP1 receptor modulation was observed de-
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Table 1. Impact of PGE2 EP receptor modulation on renal disease
Receptor
EP1

EP2

EP3
EP4

Model
Mesangial cells
Diabetic nephropathy
Diabetic nephropathy
Proximal tubule cells
Proximal tubule cells
Mesangial cells
Hypertension
Hypertension
5/6 Nephrectomy
5/6 Nephrectomy
Podocytes
UUO
hPCKS
ADPKD
Nephritis
Acute renal failure
5/6 nephrectomy
UUO
UUO
Interstitial fibrosis
Renal fibroblasts
Proximal tubule cells
Inner medullary collecting duct cells
Proximal tubule cells
ADPKD
5/6 nephrectomy
Diabetic nephropathy
Mesangial cells
Mesangial cells
5/6 nephrectomy
5/6 nephrectomy
Acute kidney injury

Agonist/antagonist
SC-51322
ONO-8713
EP1 KO
ONO8711
EP1 siRNA
EP1 KO
ONO-8713
EP1 KO
SC‑19220
17‑phenyl‑trinor‑PGE2 ethyl amide
Butaprost
Butaprost
Butaprost
PF-04418948
L-798106
CP-044,519-02
CP-044,519-02
EP4 KO
ONO-4819
ONO-4819
ONO-AE1-329
EP4 siRNA
CAY10598
CAY10598
ONO-AE3-208
EP4 KO (podocytes)
ONO-AE1-329
EP4+
EP4 KO
EP4 KO
ASP7657
Grapiprant

Receptor activity
+
+
+
+
+
+
+
+
+
+
+
+
+
-

Overall effect
✓
✓
✓
✓
✓
✓
✓
X
✓
X
✓
✓
✓
X
X
✓
✓
X
✓
✓
✓
X
✓
✓
X
✓
X
X
✓
✓
✓
✓

Reference
[40]
[59]
[60]
[60]
[39]
[17]
[62]
[63]
[14]
[14]
[64]
[65]
[65]
[67]
[69]
[72]
[72]
[73]
[73]
[73]
[73]
[39]
[75]
[75]
[67]
[76]
[77]
[16]
[16]
[16]
[78]
[80]

ADPKD, autosomal dominant polycystic kidney disease; hPCKS, human precision-cut kidney slices; UUO, unilateral ureteral obstruction; +, increased; -,
decreased; ✓, beneficial; X, detrimental.

spite persistent hypertension. Recently, Chen et al. [14] reported that antagonizing the EP1 receptor with SC-19220
improved renal function and fibrosis in mice subjected to
5/6 nephrectomy (PNx), most likely by reducing ER stress.
Moreover, they demonstrated that activation of the EP1 receptor with 17-phenyl-trinor-PGE2 ethyl amide aggravated renal injury in PNx mice. Taken together, it appears that
EP1 receptor antagonism protects against diabetes- and
CKD-induced renal fibrosis. However, its role in hypertensive kidney disease remains unclear.
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EP2
Studies regarding the role of the EP2 receptor in renal fibrosis are more recent. In 2018, Liu et al. [64] reported that
butaprost, one of the older synthetic EP2 receptor agonists,
attenuated TGF-β-induced podocyte injury by promoting
cell proliferation and reducing apoptosis. Additionally, Jensen et al. [65] recently demonstrated that butaprost markedly reduced renal fibrosis in mice subjected to unilateral
ureteral obstruction (UUO) surgery as assessed by a de-
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crease in fibronectin, α-smooth muscle actin, and collagen
1A1 expression. More importantly, they also demonstrated
that butaprost elicited an antifibrotic effect in TGF-β-exposed human precision-cut kidney slices [65]. Thus, their
study provided strong evidence that the effect of butaprost
may translate to clinical care since its effects on markers of
fibrosis are present in UUO mice and human kidney slices
[66]. The mechanisms of action underlying the antifibrotic effect of butaprost is not fully understood. Jensen et al.
[65] proposed that butaprost had a direct effect on TGF-β/
Smad signaling, independent of the cAMP/PKA pathway.
Additionally, butaprost might mitigate ER stress [61]. Interestingly, a recent study regarding autosomal dominant
polycystic kidney disease (ADPKD), demonstrated that,
while EP2 antagonism reduced cyst formation in vitro,
treatment of Pkd1nl/nl mice with PF-04418948, a selective
EP2 antagonist, resulted in more severe cystic disease and
renal fibrosis [67]. Thus, although evidence is scarce, all of
the current studies, including work in human precision-cut
kidney slices, support the notion that EP2 receptor activation can mitigate renal fibrogenesis.
EP3
Using single-cell RNA sequencing, Wu et al. [68] demonstrated that the EP3 receptor is highly expressed in myofibroblasts isolated from a human rejected kidney allograft
biopsy (http://humphreyslab.com/SingleCell/). This might
indicate that the EP3 receptor is involved in myofibroblast
activation and/or ECM production. Yet, studies on the role
of this receptor in renal fibrogenesis are absent. In a mouse
model of nephrotoxic serum-induced nephritis, PGE2 administration restored renal function and mitigated renal
damage; however, this positive effect was completely abolished by exposure to the EP3 receptor antagonist L-798106
[69]. Suggesting that EP3 receptor activation might protect
against renal injury. Furthermore, EP3 receptor depletion
was associated with cardiac fibrosis and reduced MMP2 expression and activity in mice [70]. In contrast, using
gingival fibroblasts, it was demonstrated that EP3 receptor
activation increased the gene and protein expression of
connective tissue growth factor (CTGF) [71], which could
promote fibrogenesis. Clearly, the role of EP3 receptor in
fibrosis and its therapeutic potential remain unknown.

EP4
Of all PGE2 receptors, EP4 is most widely studied in the
context of renal fibrosis. In 2006, Vukicevic et al. [72]
demonstrated in a rat model of mercury chloride (HgCl2)-induced acute renal failure that treatment with the EP4
agonist, CP-044,519-02, restored renal function (serum creatinine and blood urea nitrogen) and significantly improved
histopathological outcomes (proximal tubule necrosis and
total number of apoptotic cells). They also reported that
EP4 agonism markedly improved GFR in rats subjected to
PNx, which was associated with reduced glomerular sclerosis, more viable glomeruli, less tubulointerstitial injury, and
better preservation of proximal and distal tubule structure
[72]. Six years later, Nakagawa et al. [73], used EP4–/– mice
to further unravel the role of this receptor in renal fibrosis.
They demonstrated that UUO-induced tubulointerstitial
fibrosis, as assessed by collagen deposition, macrophage
infiltration, myofibroblast proliferation and TGF-β1 and
CTGF mRNA levels, was more pronounced in the kidneys
of knockout mice than WT mice. Moreover, stimulation of
the EP4 receptor using ONO-4819 significantly reduced
UUO-induced fibrosis in WT mice, but not in EP4–/– mice,
indicating that the positive effect of ONO-4819 on tubulointerstitial fibrosis was mediated by EP4 [73]. Of note, the
antifibrotic effect of ONO-4819 was confirmed using another model of kidney disease as well, viz. folic acid-induced
nephropathy [73]. They also showed that the EP4 agonist
ONO-AE1-329 significantly suppressed platelet-derived
growth factor-BB-induced proliferation of renal fibroblasts
isolated from WT kidneys, but not of fibroblasts isolated
from EP4–/– kidneys [73]. Furthermore, ONO-AE1-329 significantly inhibited TGF-β1-induced CTGF production by
WT fibroblasts but not by EP4–/– fibroblasts [73]. This elegant work provided strong evidence that the EP4 receptor is
a potent endogenous therapeutic target limiting renal fibrosis [74]. In line with these results, it was demonstrated that
treatment with EP4 siRNA slightly increased PGE2-induced
fibronectin expression in mouse proximal tubule cells [39].
Additionally, Luo et al. [75] reported that treatment with
the EP4 agonist CAY10598 markedly suppressed TGF-β1induced protein expression of collagen I and fibronectin
in murine inner medullary collecting duct cells. They also
showed that CAY10598 treatment mitigated angiotensin
II-mediated NLRP3 inflammasome activation in human
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proximal tubule cells. Interestingly, similar to the findings
with EP2 receptor modulation, treatment with the EP4 agonist ONO-AE1-329 promoted cyst growth in MDCK II and
OX161-C1 cells, whereas EP4 receptor blockade in vivo increased disease severity in two mouse ADPKD models [67].
Taken together, all these studies seem to indicate that EP4
agonism mitigates fibrotic processes in the kidney. However, the role of the EP4 receptor in renal fibrogenesis might
not be so clear-cut, as Lannoy et al. [67] already illustrated.
In 2010, it was shown that podocyte-specific EP4 deletion
significantly reduced glomerulosclerosis in mice subjected
to PNx [76]. A few years later, it was demonstrated that 12
weeks of EP4 agonist ONO-AE1-329 administration exacerbated fibrosis in streptozotocin-induced diabetic mice, as
shown by increased collagen deposition and elevated gene
and protein expression of various fibrosis markers, including collagen I, fibronectin, and α-smooth muscle actin [77].
Importantly, the same study revealed that the profibrotic
effect of EP4 agonism was absent in interleukin-6 knockout
animals [77]. In line with these results, it was shown that
TGF-β1–induced gene and protein expression of collagen
1 and fibronectin was augmented in EP4-overexpressing
mouse MCs, while the response to TGF-β1 was absent
in EP4+/− MCs [16]. Moreover, EP4+/− mice showed fewer
fibrotic lesions following PNx than WT mice [16]. More
recently, Mizukami et al. [78] demonstrated that repeated administration of ASP7657, a EP4 receptor antagonist,
reduced glomerulosclerosis and interstitial fibrosis in rats
subjected to PNx, according to histopathological examination. The beneficial effect of EP4 receptor blockade was
also seen in a mouse model of cisplatin-induced kidney
damage. In these mice, treatment with the EP4 antagonist
grapiprant, a nonsteroidal anti-inflammatory drug widely
used in veterinary medicine [79], markedly reduced collagen deposition and α-smooth muscle actin expression
associated with cisplatin exposure [80]. Taken together, the
EP4 receptor has been the greatest focus of research to develop new renal fibrosis therapies. Unfortunately, despite
decades of work, results are conflicting and the therapeutic
potential of the EP4 receptor remains unclear.

receptors and renal fibrosis, which is the most damaging
process in CKD development, remain sparse (~20 at the
time of writing). Still, the current body of work is enlightening and suggests that PGE2 receptors are potentially
important targets for renal fibrosis treatment. Nonetheless,
more studies are required to fully unravel the therapeutic
potential of PGE2 receptor agonists/antagonists. With the
advent of improved translational disease models, such as
human precision-cut kidney slices and kidney organoids,
pre-clinical studies will provide valuable information on
the antifibrotic efficacy of putative therapeutic compounds
in human tissue, which will hopefully expedite the development of effective and safe therapeutics that can be used
in clinical care.
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Sarcopenia, defined as decrease in muscle function and mass, is common in patients with moderate to advanced chronic kidney disease (CKD) and is associated with poor clinical outcomes. Muscle mitochondrial dysfunction is proposed as one of the mechanisms
underlying sarcopenia. Patients with moderate to advanced CKD have decreased muscle mitochondrial content and oxidative capacity along with suppressed activity of various mitochondrial enzymes such as mitochondrial electron transport chain complexes and pyruvate dehydrogenase, leading to impaired energy production. Other mitochondrial abnormalities found in this population include defective beta-oxidation of fatty acids and mitochondrial DNA mutations. These changes are noticeable from the early stages of CKD
and correlate with severity of the disease. Damage induced by uremic toxins, oxidative stress, and systemic inflammation has been
implicated in the development of mitochondrial dysfunction in CKD patients. Given that mitochondrial function is an important determinant of physical activity and performance, its modulation is a potential therapeutic target for sarcopenia in patients with kidney disease. Coenzyme Q, nicotinamide, and cardiolipin-targeted peptides have been tested as therapeutic interventions in early studies.
Aerobic exercise, a well-established strategy to improve muscle function and mass in healthy adults, is not as effective in patients with
advanced kidney disease. This might be due to reduced expression or impaired activation of peroxisome proliferator-activated receptor-gamma coactivator 1α, the master regulator of mitochondrial biogenesis. Further studies are needed to broaden our understanding of the pathogenesis of mitochondrial dysfunction and to develop mitochondrial-targeted therapies for prevention and treatment of
sarcopenia in patients with CKD.
Keywords: Chronic renal insufficiency, Mitochondria, Muscles, Sarcopenia

Introduction
Skeletal muscle abnormalities, mostly sarcopenia, are a
well-recognized phenomenon in patients with stages 3

to 5 chronic kidney disease (CKD), including those on
maintenance dialysis. Extent of sarcopenia is associated
with physical activity, functionality, and quality of life and
represents one of the strongest predictors of mortality and
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hospitalization in this patient population [1,2]. Impairment
of mitochondrial energy metabolism in skeletal muscle
seems to play a central role in the pathogenesis of sarcopenia in patients with CKD [3]. This editorial review aims to
provide insights into the growing evidence that depicts the
extent of mitochondrial dysfunction in patients with moderate to advanced CKD. We include extensive metabolic,
morphologic, and genomic alterations and discuss the potential therapeutic approaches of targeting mitochondrial
dysfunction in the management of sarcopenia.

Mitochondrial structure and function in chronic
kidney disease
The traditional methods of assessing mitochondria include
muscle tissue sample examination for mitochondrial content, enzyme activity, mitochondrial protein, RNA levels
and expression, and ultrastructure according to electron
microscopy [3,4]. Mitochondrial abnormalities in kidney
disease include decreased activity of enzymes such as citrate synthase and hydroxyl acyl CoA dehydrogenases and
abnormal mitochondrial ultrastructure (Table 1). Specifically, studies on muscle biopsies from patients on maintenance hemodialysis (MHD) revealed various abnormalities
in skeletal muscle mitochondria including signs of fragmentation [5], cristae swelling [6,7], presence of autophagosomes [5], and increased lipofuscin pigment, indicative
of oxidative damage [7]. Some studies suggest the presence
of increased mitophagy, selective removal of mitochondria
by autophagy, in patients with CKD [5,7]. Mitochondrial
dynamics (i.e., fusion and fission of mitochondria), which
are important for proper mitochondrial function, can be
altered in patients with moderate to advanced CKD. Some
studies have found increased mitochondrial fission in
skeletal muscles of such patients. These data suggest that
damaged mitochondria in CKD can be segregated by mito-

Table 1. Common structural abnormalities reported in skeletal
muscle tissue in patients with moderate to advanced kidney disease
Autophagosomes [5]
Mitochondrial swelling [5,6]
Cristae disorganization and swelling [5,7]
Lipofuscin granules [7]
Decreased matrix density [5]

chondrial fission and removed by mitophagy.
Various murine CKD models as well as human studies
have shown that decreased muscle mitochondrial content is associated with reduced physical performance [3].
Furthermore, in animal models of CKD, it has been shown
that reduction in mitochondrial function precedes changes
in muscle mass and muscle strength [3]. A recent study in
humans showed a molecular signature of mitochondrial
dysfunction in age-related sarcopenia similar to that in kidney disease [8]. Noninvasive techniques such as (31)P-magnetic resonance spectroscopy (31P MRS) allow evaluation
of mitochondrial dysfunction through measurement of
phosphocreatine recovery, which depends on mitochondrial oxidative phosphorylation [9]. Studies based on these
assessment techniques have shown that mitochondrial
dysfunction is present in patients with CKD and worsens
as kidney function declines. The mitochondrial function
also correlates with physical performance, muscle quality,
systemic inflammation, and burden of oxidative stress,
highlighting the complex pathophysiology of mitochondrial dysfunction in CKD.
While mitochondrial dysfunction has been studied mostly
in skeletal muscle, there is evidence for disrupted mitochondrial function in the nervous and cardiovascular systems. In
animal models, CKD has been associated with dysfunction
of mitochondrial complexes I and II in various regions of
the brain, including cortex, striatum, and hippocampus
[10], and might be related to the cognitive decline seen in
CKD [11]. Similarly, CKD is associated with disruption of
mitochondrial structure in cardiac tissue in rat models [12].
Mitochondrial function is of paramount importance in the
heart due to its high energy requirement and mitochondrial
dysfunction and has been linked with many cardiovascular diseases including cardiomyopathies, heart failure [13],
and cardiorenal syndrome [12]. Cardiac tissue from animal
models of CKD showed swollen mitochondria, decreased
mitochondrial volume, disrupted cristae [12], and downregulated ubiquinone biosynthesis [14].

Mechanisms of mitochondrial dysfunction in
patients with kidney disease
The mechanisms underlying mitochondrial dysfunction
in the setting of moderate to advanced kidney disease are
complicated and likely multifactorial (Fig. 1). Data are
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Figure 1. The proposed changes in mitochondrial dynamics in chronic kidney disease. Increased oxidative stress damages the mitochondria and triggers lipid peroxidation of the products of defective beta-oxidation, which causes further damage. The inefficiency of
pyruvate dehydrogenase and beta-oxidation cannot supply the tricarboxylic acid (TCA) cycle, resulting in decreased adenosine triphosphate (ATP) production. Built-up pyruvate increases the lactate load of the muscle cell, resulting in muscle fatigue. Decreased nicotinamide metabolism (NADH) and impairment of the electron transport chain (ETC) complexes, including complexes I, III, and IV, further
compromise ATP generation. Increased reactive oxygen species (ROS) generation induces mutations and deletions of mitochondrial
DNA (mtDNA). The compounded mitochondrial damage stimulates mitophagy and suppresses mitochondrial biogenesis, resulting in
decreased mitochondrial mass and overall cellular energy supply. Created in Biorender.
PDC, pyruvate dehydrogenase complex.

implicating the impairment of an array of mitochondrial
enzymes in the development of mitochondrial dysfunction
in CKD. Diminished activities of mitochondrial electron
transport chain (ETC) complexes and pyruvate dehydrogenase are shown in murine models of early CKD before
any detectable decline in muscle power [3]. Defects in the
switch from anaerobic to aerobic metabolism caused by
ineffective pyruvate dehydrogenase are shown to induce
lactate accumulation and muscle fatigue commonly found
in CKD patients [3]. Furthermore, tissue samples from patients on maintenance dialysis demonstrated decreased
protein expression of mitochondrial import pores associated with mitochondrial membrane potential and cyto-

16
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chrome C oxidase activity [4]. Decreased activity of citrate
synthase and cytochrome c oxidase and slower synthetic
rates of muscle mitochondrial proteins have been found
in biopsy samples from patients with stages 3 and 4 CKD
[15]. A potential explanation for suppressed mitochondrial
biogenesis is overall decrease in synthesis of muscle proteins in the state of protein-energy wasting associated with
advanced kidney disease [3,15,16].
Studies of plasma metabolomics also revealed several
distinct disturbances in mitochondrial metabolism of patients with advanced CKD. Available data suggest notable
differences in the tricarboxylic acid cycle and deficiency of
metabolites involved in coenzyme Q (CoQ, also known as
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ubiquinone) biosynthesis, a crucial component of mitochondrial ETC. Furthermore, defects in nicotinamide metabolism and nicotinamide adenine dinucleotide synthesis
through impaired tryptophan metabolism were identified
[17]. These changes can compromise the efficiency of oxidative phosphorylation and result in the uncoupling of
oxidative phosphorylation in the setting of kidney disease
[7,18]. Furthermore, CoQ10 deficiency, as shown in CKD
patients [19], is known to trigger the generation of superoxide during electron transport in the mitochondria [20],
leading to further oxidative damage.
Another energy pathway compromised by CKD is the beta-oxidation of fatty acids, a major energy source during the
fasting state. Defective beta-oxidation is characterized by
accumulation of intermediate chain acylcarnitines and decreased long-to-intermediate acylcarnitine ratio [21]. Lipidomic profiling of patients with stages 2 to 5 CKD showed a
graded decrease in the long-to-intermediate acylcarnitine
ratio with increasing severity of kidney disease, leading to
impaired beta-oxidation. Importantly, the lipid deposits
caused by ineffective beta-oxidation are trapped in the mitochondrial matrix and undergo lipid peroxidation by reactive oxygen species (ROS), promoting further mitochondrial damage and creating a cycle that results in cellular death
[22,23]. Lipotoxicity due to downregulated beta-oxidation
is a well-recognized abnormality in multiple glomerular
diseases [22,24,25] and might have a critical role in muscle

mitochondrial dysfunction in CKD that should be investigated in future studies.
CKD patients have been found to harbor significant mitochondrial DNA (mtDNA) damage. Similar to age-related
sarcopenia, muscle loss in CKD appears to be associated
with mtDNA deletions [26], which correlate negatively with
complex I activity [27]. Indeed, analysis of patients from the
HEMO study found that one-third of patients had an mtDNA 4977-bp deletion that was predictive of poor survival.
The mtDNA copy number was also a predictor of survival
because a higher copy number, indicating higher mitochondrial content, was associated with better outcomes
among patients on MHD [26].
Possible mechanisms by which kidney disease could
induce mitochondrial damage include uremic toxins, oxidative stress, and inflammatory milieu (Fig. 2). In murine
models, uremic toxins including indoxyl sulfate, p-cresol
sulfate, indole-3-acetic-acid, l-kynurenine, and kynurenic
acid impair mitochondrial function by inducing mitochondrial fission [28], autophagy [28], and disrupting the activities of complex III and IV enzymes in the electron transport
system [29]. Similarly, in vitro exposure of muscle cells to
uremic serum suppresses mitochondrial oxidative capacity
[4]. Evidence suggests that CKD patients are affected by increased levels of oxidative stress from the early stages of the
disease due to increased ROS production and antioxidant
depletion [30], with progressive CKD leading to a worse

ROS

Oxidative stress

Uremic toxins
CKD

Physical activity
Mitochondrial
dysfunction

Muscle
dysfunction

Decreased quality of life
Morbidity and mortality

Inflammation
IL-1, IL-6, TNF-α

CKD progression

Figure 2. The possible interplay between factors implicated in the pathogenesis of mitochondrial dysfunction in patients with
CKD. Created in Biorender.
CKD, chronic kidney disease; IL, interleukin; ROS, reactive oxygen species; TNF, tumor necrosis factor.
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prooxidant state [31]. As a source of oxidative reactions,
mitochondria are susceptible to oxidative damage. ROS
directly induce mitochondrial uncoupling [32], as seen in
patients with stages 3 and 4 CKD [18]. Additionally, skeletal muscle tissue from patients on MHD shows evidence
of enhanced oxidative damage to mitochondrial proteins,
lipids, and DNA along with somatic mtDNA mutations [33].
Oxidative damage to mitochondrial components triggers
mitophagy, shifting the mitochondrial dynamic toward
increased mitochondrial removal and reduced mitochondrial mass [34], which is a key finding in CKD-induced myopathy [5,7,28]. We have shown that the ratio of isofurans
to F2-isoprostane, an indicator of oxidative stress, is associated with mtDNA copy number and mitochondrial volume
density as well as severity of CKD [7]. These data suggest
direct correlation between CKD-induced mitochondrial
dysfunction and oxidative stress and the ratio of plasma
isofurans to F2-isoprostane as a potential biomarker for
mitochondrial dysfunction in CKD [7].
Finally, proinflammatory cytokines, such as interleukin
(IL)-6 and IL-1, have been implicated in the development
of sarcopenia in patients on MHD [35] as well as in other
chronic inflammatory states [36,37]. Tumor necrosis factor
(TNF)-α and IL-6 were found to suppress inducers of mitochondrial biogenesis and augment inducers of mitophagy
in murine CKD models [3], while TNF-α and IL-6 inhibitors
effectively attenuated these changes [3]. In muscle cell
models, exposure to increasing concentrations of TNF-α
and IL-6 correlated with decreasing mitochondrial activity,
which could be reversed partially by the anti-inflammatory
adipokine adiponectin.

Mitochondrial function and physical performance
in kidney disease
A clinically relevant effect of skeletal muscle mitochondrial dysfunction is its potential impact on physical activity
and performance. A study of 12 nondialysis-dependent
CKD patients showed that lower eGFR was associated with
decreased mean energy coupling and greater O2 uptake.
Importantly, CKD patients in the study had preserved
physical performance [18], suggesting that development of
mitochondrial dysfunction preceded initiation of maintenance dialysis and onset of clinically significant functional
decline. Corroborating these findings [18], Kestenbaum et
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al. [38] showed that the presence and severity of CKD negatively correlated with muscle mitochondrial function measured by 31P MRS in lower leg muscles of 53 patients with
stage 3 and 4 CKD. Two independent studies also showed
that mitochondrial function correlated with 6-minute walk
performance, suggesting a direct link between mitochondrial function and exercise tolerance in patients with CKD
[38,39].

Therapeutic approaches
The recent understanding of CKD-associated mitochondrial dysfunction has implications for potential therapeutic approaches to provide mitochondrial protection and
maintain or improve functional capacity in patients with
kidney disease. Among the wide variety of approaches to
modulate mitochondrial function [40], CoQ10 is an important target since CKD patients are shown to have CoQ10
deficiency [19]. CoQ10 supplementation has been used
successfully to target mitochondrial dysfunction in heart
failure patients [41] and showed beneficial effects on the
metabolic profile in CKD patients [42]. There are ongoing
clinical trials designed to assess the effects of CoQ10 supplementation and nicotinamide riboside supplementation
on mitochondrial energetics and exercise capacity in the
CKD population (ClinicalTrials.gov NCT03579693).
Cardiolipin, an inner mitochondrial membrane phospholipid that facilitates electron transfer by cristae modulation, has been studied as a candidate target [43]. Elamipretide (SS-31), which selectively binds cardiolipin and
inhibits cardiolipin peroxidation during oxidative stress
[44], was shown to have renocardioprotective properties
[45,46] and to improve skeletal muscle mitochondrial energetics [47–49] in animal models. SS-31 restored age-related mitochondrial dysfunction including uncoupling of
oxidative phosphorylation, decline in maximal adenosine
triphosphate (ATP) production, and increasing ROS production while increasing exercise endurance capacity [47].
Additional studies are required to determine its utility in
CKD-associated mitochondrial dysfunction. A number of
other novel mitochondria-targeted therapies, including
mitochonic acid 5, carnitine supplements, activators of
AMP kinase, and peroxisome proliferator-activated receptor-gamma coactivator 1α (PGC1-α), has produced promising results for treatment of glomerular disease [50] and
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should be studied for treatment of CKD-related sarcopenia.
Exercise is known to improve mitochondrial function in
the general population. However, the beneficial effects of
aerobic training, such as improvements in muscle quality
and quantity, strength, and physical functioning, are not
observed consistently in patients with advanced kidney
disease. In healthy individuals, possible positive effects of
exercises on muscle can be partly explained by PGC1-α,
a transcriptional coactivator that activates mitochondrial
biogenesis and peroxisome proliferator-activated receptor-α. PGC1-α is highly abundant in skeletal muscle and its
expression is activated by aerobic training. PGC1-α-related effects of exercise on muscle have been demonstrated
in transgenic mouse models. With aging, expression of
PGC1-α is suppressed. The lack of effect of exercise on
skeletal muscle in patients with advanced kidney disease
might be related to reduced expression of PGC1-α, which
is mandatory for proper mitochondrial function. A recent
study has shown that 12 weeks of exercise training does
not increase mitochondrial content despite an increase in
PGC1-α [51]. This finding suggests downstream inhibition
of the PGC1-α pathway. A possible explanation is activation of the factor forkhead box O1 (Foxo1), which induces
skeletal muscle atrophy in several disease states including
CKD [52]. Foxo1 also impairs mitochondrial function and
inhibits mitochondrial biogenesis through inhibition (by
acetylation) of PGC1-α [53]. Further studies should evaluate an appropriate exercise training for patients with CKD
or combination of exercise and mitochondrial-targeted
interventions to improve the response to exercise.
Despite the potential of the above strategies to improve
mitochondrial function in disease states, there are important barriers in identifying the most relevant mitochondrial
targets and effective drug delivery methods. Drug safety
continues to be a major concern, especially for antioxidant
interventions since high doses are needed for efficacy,
and molecular delivery inside mitochondria is difficult
to achieve in high concentrations [54]. While many novel
therapeutic options are being introduced at the preclinical
level, clinical trials are limited.

and worsen as kidney function declines. Mitochondrial
dysfunction, presenting with a variety of morphological
and functional changes that compromise ATP production,
has a major role in the development of muscle wasting
from the early stages of CKD and is a potential marker of
increasing disease severity. While the exact pathophysiological mechanisms remain to be identified, accumulation
of uremic toxins, enhanced oxidative stress, and systemic
or local inflammation could lead to mitochondrial damage.
Understanding these pathways could pave the way in the
development of mitochondria-targeted therapies for muscle wasting in patients with moderate to advanced CKD.
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Chronic kidney disease (CKD) is a unique public health problem in terms of high expenses required for its management and its increasing worldwide incidence. Understanding the existing structure of CKD treatment and its epidemiology is pivotal for equitable kidney care globally. The Global Kidney Health Atlas (GKHA) was launched by the International Society of Nephrology (ISN) in 2017 as a
part of its “Bridging the Gaps” strategy with a vision to understand the global kidney care capacity. Two rounds of GKHA surveys were
conducted and published in 2017 and 2019, respectively. The GKHA surveys showed significant variability in kidney care among
global regions. Asia is the largest of all continents and distinct for its heterogeneity. The Asia-Pacific sector comprises four main regional constructs of the ISN; North and East Asia, Oceania and South East Asia, South Asia, and the Middle East. Kidney care capacity varies among these regions in terms of government spending, epidemiology of kidney diseases, and workforce availability. In this
narrative review, we highlight the differences in kidney care delivery among the regions of the Asia-Pacific sector based on information
from GKHA and emphasize the priority areas on which stakeholders should concentrate their efforts.
Keywords: Asia, Chronic kidney disease, Global goals, Global Kidney Health Atlas

Introduction
Even small decrements in kidney function, determined
by a reduction in the glomerular filtration rate and/or an
increase in urinary protein excretion, have serious adverse
health consequences. Advances in our understanding of
this concept have led to concurrent changes in our appreciation of chronic kidney disease (CKD) as a global public
health burden. These advances in understanding were fa-

cilitated by development of a globally accepted framework
for diagnosis and classification of CKD and adoption of an
overall health-risk approach to CKD. This approach has
replaced the long-standing perspective of singular focus on
kidney failure as the main adverse consequence of CKD.
Over the last 20 years, several projects, particularly the
Global Burden of Disease Study and CKD Prognosis Consortium, have provided compelling data on the CKD disease
burden and its adverse health consequences. For example,
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CKD is the third fastest-growing cause of death worldwide
and is projected to be the fifth leading cause of death by
2040. This projection is alarming because CKD is currently
the 16th leading cause of death. Approximately 850 million
people are living with some form of kidney disease, almost
double the number of individuals with diabetes.
Treatment of advanced CKD with dialysis and/or kidney
transplantation is expensive, both for health systems and
individuals. According to a 2015 systematic review, less than
half of all people needing kidney replacement therapy (KRT)
had access to this therapy [1]. Less than 1% of all incident
dialysis patients in Sub-Saharan Africa were still on dialysis
after 1 year [2]. Development of sustainable and scalable
strategies to reduce the CKD burden is needed urgently
when considering the simultaneously increasing burden of
chronic diseases such as diabetes mellitus, hypertension,
and metabolic syndrome. These burdens are exacerbated
by global population aging and emergence of new risk factors. These risk factors include environmental changes such
as warming climates and increasing air pollution.
The realization of the urgency of the situation was accompanied by the realization of a data deficiency. This
lack of data was related to various aspects of kidney care,
particularly the resources available in various parts of the
world to respond to this emerging public health threat, and
constituted a major barrier to our ability to best address this
burgeoning problem in all countries.
The International Society of Nephrology (ISN) is a global
organization of renal health professionals with a vision to
strive for “a future where all people have equitable access
to sustainable kidney health” [3]. In order to achieve this
vision, the ISN attempts to bridge the gaps of knowledge,
policy, and care; improve human resource provision; increase the knowledge base through expanded research; and
connect communities through its global convening power,
education, and advocacy. The Global Kidney Health Atlas
(GKHA) initiative was launched as part of this ‘Bridging the
Gaps’ strategy in 2017 to assimilate available global kidney
care capacity data with a vision to advocate for increased
access to kidney disease care worldwide.
The GKHA study measures the current standards of and
resources available for kidney healthcare delivery across
countries, with a focus on disease burden and economics.
Electronic questionnaire-based surveys among opinion
leaders and literature reviews are the two pillars of the

GKHA. The aim is to gather and compare data concerning the capacity to deliver optimal kidney care among and
within countries. The GKHA survey uses the six domains of
universal health coverage advocated by the World Health
Organization (WHO), i.e., information system, services delivery, workforce, financing, access to essential medicines,
and leadership governance, to measure performance of
health systems (Fig. 1) [4]. Countries are categorized based
on World Bank income group and ISN region [3]. Two survey cycles were conducted, one in 2017 and the other in
2019; both resulted in high-impact publications. Future surveys are planned for once every 4 years. Following the 2019
survey, a series of independent publications addressing
global variations according to WHO health system domain
and ISN region was published. These surveys have demonstrated the substantial variability among countries in kidney
care capacity in terms of public funding, workforce, service
availability, and existence of data collection platforms (registries). As expected, the gaps in capacity, reach, and quality
of care are greater in low and low-middle-income countries,
especially those in Asia and Africa [5]. Given that most such
countries lack national and/or regional registries, data from
the GKHA surveys are the only source of information.
By providing a snapshot of the latest indicators of kidney
care capacity, the GKHA provides an important platform for
policymakers to identify gaps in kidney healthcare delivery.
The response to the 2018 survey by 160 countries representing over 98% of the world’s population reflects global willingness for collaboration in confronting kidney care issues.
GKHA also serves as a tool to monitor progress in global
renal care capacity in a systematic manner. The two GKHA
surveys published in 2017 and 2019 resulted in positive
changes in a global kidney care capacity. The number of national registries on CKD, acute kidney injury, dialysis, and
transplant has increased; and more countries are acquiring
the ability to offer peritoneal dialysis (PD) as a means of
chronic dialysis [4]. The GKHA 2019 survey focused on the
care of patients with kidney failure, which included KRT
and conservative care, in addition to other aspects addressed by the GKHA 2017 survey. While hemodialysis (HD)
is available in all countries, only one-quarter of low-income
countries have facilities to provide PD or kidney transplantation. Among the low-income countries, less than 10%
of patients are able to access dialysis services. Similarly,
surveillance systems are scarce in low-income countries;
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Global Kidney Health Atlas indicators of kidney care capacity
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Figure 1. Global Kidney Health Atlas survey assessment of kidney care capacity of coun-tries/jurisdictions across the globe is
based on the World Health Organization’s six dimen-sions of health system performance evaluation.
CKD, chronic kidney disease; ESKD, end-stage kidney disease; KRT, kidney replacement therapy.

Rwanda is the only such country with data on treated kidney failure [2]. Economic development and public awareness are important obstacles in accessing end-stage kidney
disease (ESKD) care in low-income countries. GKHA has
proposed country-level scorecards, which allows stakeholders, especially in low-income countries, to identify priority
areas on which to concentrate and allocate resources. For
global and multilateral organizations, the GKHA provides a
platform for comparison and collaboration and an impetus
toward working for global goals. In addition to accessibility
of renal care, GKHA addresses the quality of care and equity
of healthcare access.
Asia is the largest continent, with a population of approximately 4.7 billion. Asia is diverse in terms of wealth, climate,
culture, socioeconomic and development indicators, and
healthcare delivery systems. In this narrative review, we discuss the status of kidney care capacity and the gaps in kidney care delivery in Asia to highlight the variability among
regions. A summary of the major parameters of kidney care
capacity in the different ISN regions of the Asia-Pacific sector is shown in Table 1.
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Global Kidney Health Atlas: a spotlight on Asia
Four of the 10 world ISN regions are located in the Asia-Pacific sector, i.e., North and East Asia, Oceania and South
East Asia (OSEA), South Asia, and the Middle East (Fig. 2).
Some countries in newly independent states and Russia are
regions also geographically included in Asia; however, these
are not covered in this review.
Many countries in the region have inadequate kidney
health care capacity in terms of availability of KRT (Fig. 3),
low public funding or access to KRT, high disease burden,
and poor research capacity [6]. The epidemiology of kidney disease varies in the tropical Asian region from that of
western countries. Furthermore, Asia is expected to have
the highest growth in KRT use by 2030 [1]. Indeed, between
2003 and 2016, incidence rates of KRT have significantly
increased in the growing economies of East and Southeast
Asia [7].
Disparity in access to healthcare, particularly KRT, has
been observed among women and children in low- and
low-middle-income countries in Asia [8]. The gaps in meet-

Population

243.7 million (participating countries
cover 213 million
population)

Middle East
(11 countries)
Upper: 4
Lower-middle: 3

Upper-middle: Sri
Lanka, Maldives
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Pakistan, Bangladesh, Bhutan
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High: 6
100/100/100

Upper-middle: Mainland China
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Low: North Korea
High: Australia, New 100/80/66.7
Zealand, Singapore, French and
American territories
of Pacific Island
nations
Upper to lower-middle: all others
High: none
100/87.5/75

High: Hong Kong, Ja- 100/100/100
pan, Macao, South
Korea, Taiwan

Income level

Government funding for
KRT (compared to
global average
prevalence of 64%)

1,352

Prevalence of treated
ESKD (median,
pmp); compared to
global average of
787 pmp
2,599

66.7%

100%

Registries for
KRT (dialysis
and KT)a

636

54.5% have
dialysis registry
and 73% have
KT registry

Variable (6 countries give 51.25 (on chronic
37.5%
partial public funding,
dialysis); not forBhutan has full public
mally reported from
funding, and Afghanregistries
istan depends completely on out-of-pocket
funding)

25% (Except Australia,
New Zealand, and
Singapore which have
public funding, others
depend on out-of-pocket expenditure)

100% of the coun- 100% (Qatar: some fees
tries could provide at point of care)
adequate frequency of HD

57% of countries
could provide adequate frequency
and duration of HD

66.7% of countries
had >50% patients
with ESKD being
able to access
dialysis

100% of countries All
could provide adequate frequency
and duration of HD
and PD

Capacity of
adequate HD
provision

8.08

1.2

5.66

19.5

Nephrologists
(mean, pmp)

ESKD, end-stage kidney disease; HD, hemodialysis; ISN, International Society of Nephrology; KRT, kidney replacement therapy; KT, kidney transplantation; PD, peritoneal dialysis; pmp, per million population.
a
Compared to global average of 57%-66%. bCompared to global median of 9.95 pmp.

1,750 million

South Asia
(8 countries)

Oceania and
692 million (particSouth East Asia ipating countries
(15 countries/
cover 681.3 million
jurisdictions)
population)

North and East
1,620 million (particAsia
ipating jurisdictions
(7 jurisdictions) cover 1,596 million
population)

ISN region

Availability of
ESKD
treatment, HD/
PD/KT (%)

Table 1. Comparison of major indicators of kidney care capacity in the four ISN regions of Asia
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ISN construct of Asia

North and East Asia
South Asia
Oceania and Southeast Asia
Middle East

Figure 2. International Society of Nephrology (ISN) construct of Asia comprises four regions predom-inantly; North and East Asia,
Oceania and South East Asia, South Asia, and the Middle East.
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Figure 3. Availability of various modalities of kidney replacement therapy for patients with kidney failure across the Asia-Pacific
sector.
PD, peritoneal dialysis; HD, hemodialysis; OSEA, Oceania and South East Asia; NA, not available.
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ing the needs of Asians with kidney disease would be best
addressed by focusing on distinct strategies based on individual country needs. For example, South Asian countries
maintaining hotspots of CKD of unknown etiology [9] must
focus on identifying causative factors and developing preventive strategies that target occurrence and progression of
CKD. Similarly, with the rising epidemic of metabolic syndrome in the Asia-Pacific sector [10], effective preventive
strategies are imperative at all levels in all regions. The incidence of diabetes mellitus, the most common cause of CKD
worldwide, is increasing rapidly in the sector. Therefore,
public and government awareness concerning renal disease
trends is warranted. By providing relevant kidney health
information, GKHA is likely to positively influence health
policy decisions in the low-income countries in Asia.
North and East Asia
North and East Asia includes eight jurisdictions, China,
Japan, Hong Kong, Taiwan, Mongolia, North Korea, South
Korea, and Japan. Other than China and Mongolia, which
are upper-middle and lower-middle-class countries, respectively, these jurisdictions are classified as high income.
Government expenditure on health comprises ~50% to 60%
of total health expenditure, with Japan spending 10.9% of
the gross domestic product on health [11]. Taiwan has the
highest global prevalence of treated ESKD. Among a total
of 108,873 patients receiving KRT in South Korea, 81,760
(75.1%) were receiving HD; 5,960 (5.5%) PD; and 21,153
(19.4%) kidney transplantation as of 2019 [12]. Because
countries in this region have a large aging population and
have already transitioned from glomerulonephritis to high
burden of metabolic diseases [13,14], they are likely to have
increasing incidence of ESKD. Additionally, use of PD,
which needs fewer resources, can help bridge the gap in
treatment of ESKD in rural areas of developing economies
in this region. Until further data are provided by the China
Kidney Disease Network (CK-NET), exact prevalence and
incidence of treated ESKD in mainland China are unknown.
Japan and Taiwan rely on HD for treating ESKD (>95% of
patients with ESKD), but Hong Kong provides PD more frequently than HD. All jurisdictions except Hong Kong have
access to government support for KRT, and 71.4% of these
countries provide public funding for nondialysis medications. Patients are not required to pay fees in most of these

jurisdictions. For example, in mainland China, 76.6% of the
dialysis costs were covered by the government as of 2015
[15]. Kidney transplantation is available in all jurisdictions,
and all had a national waiting list and standard framework
for organ procurement. CKD and ESKD are identified as
health priorities in all jurisdictions.
South Asia
Eight countries, India, Bangladesh, Pakistan, Afghanistan,
Bhutan, Nepal, Sri Lanka, and the Maldives, comprise the
South Asia region and are in the World Bank’s low, lower-middle, and upper-middle-income categories. This region is densely populated with a huge, but inadequately reported, CKD burden and immature healthcare systems. The
main causes of CKD include infections; low birth weight
due to maternal malnutrition and environmental factors;
and diseases such as diabetes mellitus, hypertension, and
glomerulonephritis. The incidence of diabetes mellitus,
hypertension, and obesity has increased significantly due
to sedentary lifestyles and poor dietary habits in these predominantly agrarian communities. Therefore, preventive
interventions to reduce kidney disease in patients with diabetes and hypertension are likely to be cost-effective. There
is no regular reporting of incidences of kidney disease or
dialysis in this region. A large part of the weak kidney care
capacity of South Asian countries arises from low economic
development and low government spending on health (~4%
of gross domestic product). Governmental lack of awareness contributes to the general lack of awareness and dissemination of misinformation concerning kidney diseases.
This amplifies the CKD burden.
In all these countries, HD is more widely used than PD;
the prevalence of HD use is 26.15 per million population
compared to 1.65 per million population for PD use [16].
Also, the annual cost of PD (USD [$] 8,764) is more than the
annual cost of HD ($5,202) in most countries in South Asia.
Promotion of PD with locally produced dialysis fluid, simplifying HD machine technology, and using telemedicine
to manage integrated care of ESKD in patients located in remote places are some innovative ways to increase treatment
accessibility. Collaboration with international professional
organizations and industry partnership would lower dialysis and kidney transplantation costs for patients in low-income South Asian countries. Training the workforce in in-
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terventions for vascular access, immunological procedures
such as human leukocyte antigen typing, and PD delivery
would help close the gap in KRT delivery. Safeguarding the
nephrology workforce in low-income South Asian countries
is crucial to meet the challenge of a CKD epidemic. The incidence of ESKD in these low-income countries is increasing, and a large number of patients are likely to be unable to
receive KRT [1].
Oceania and South East Asia
Of the total 30 countries listed in the ISN construct of OSEA,
15 participated in the GKHA survey. In addition to Australia, New Zealand, and South East Asian countries, the Pacific Island nations include French and American territories.
This region is the most diverse of all in terms of culture,
ethnicity, language, income level, healthcare expenditure,
and population density [17]. Public spending on health expenditure is variable, with high-income countries investing
more (~9% of gross domestic product) on healthcare.
There has been a rapid growth in the incidence of treated
kidney failure in the region, particularly in Singapore, Thailand, and Brunei Darussalam, partly due to the rapidly aging population and increased prevalence of metabolic diseases. KRT is not widely accessible in low-middle income
countries of the Pacific Islands as well as a few South East
Asian countries. However, high-income countries, comprising 60% of those in the OSEA region, provide high-quality,
publicly-funded KRT. The cost of PD is lower in the OSEA
region, except in Myanmar and Brunei Darussalam, than in
other global regions (mean annual costs of $16,479 vs. global mean annual costs of $20,524). Thailand is exemplary in
performance of PD as a widely used KRT; a PD-first policy
was initiated in Thailand after careful cost analysis studies.
Thailand has the highest incidence of treated ESKD in the
world (299 per million population). Similarly, the neighboring countries of the Philippines and Malaysia have reported
large increases in the incidence of treated ESKD over the
last few decades despite limited public funding for KRT [18].
Most of the increase in the incidence of ESKD has been attributed to diabetes mellitus.
Kidney transplantation is available in two-thirds of the
OSEA countries. Myanmar, Indonesia, and Brunei Darussalam have only living donor kidney transplant programs.
Most countries require patients to pay between 1% and 50%
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of the costs of kidney transplantation; in Australia, however,
transplantation is publicly funded.
Australia is the only country in the OSEA region without
a shortage of kidney care providers. The Pacific Islands
nations and some lower-middle-income South East Asian
countries have limited KRT capacity. These countries have
not yet prioritized kidney health at the national level even
though CKD has a significant negative impact on death
rates and disability-adjusted life years [19]. Cambodia has
recently been able to establish KRT facilities with the help
of multilateral partnership and collaboration with organizations (ISN) and neighboring countries (Japan) [17]. There
are two unique challenges to be confronted in the OSEA
region in terms of kidney care capacity. First, the indigenous communities are shown to have a 30% to 40% higher
kidney disease burden and less accessibility to ESKD care.
Future preventive interventions and special provision for
ESKD care to these high-risk groups are necessary. Second,
the impact of climate change on kidney health is a pressing
issue in the OSEA region [20], and increases in water crisis
episodes challenge the sustainability of HD as the main
KRT modality [21].
Middle East Asia
Of the 13 countries comprising the ISN Middle East, 11 participated in the GKHA survey. While most countries, especially those of the Gulf Cooperation Council, are classified
as high-income or upper-middle-income groups, existing
issues act as barriers in achieving universal health coverage
in this region. These issues include geopolitical tensions,
refugee crises, hierarchical social structures, and ignorance
concerning renal diseases. The CKD and ESKD burden is
high in the Middle Eastern region due to high incidence
of diabetes mellitus and hypertension, and the burden is
expected to increase further [22]. Therefore, health information systems to capture detailed disease epidemiology
and national strategies for addressing chronic diseases are
needed in this region as only 27% of the countries in the
region have such strategies. Government funding of CKD
treatment is high in this region, with two-thirds of countries covering costs of nondialysis CKD medications and
all countries covering costs of KRT. HD is the predominant
modality of KRT in all countries in the Middle East. This is
likely due to lack of funding support and expertise for PD.
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Iran has the highest number of kidney transplantations in
the region, 311 per million population, with more than half
being deceased donor transplantations. This contrasts with
other countries in this region that favor living donor transplantation.

Conclusions
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Association between blood pressure and the risk of
chronic kidney disease in treatment-naïve hypertensive
patients
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Background: Although hypertension is a well-known risk factor for chronic kidney disease (CKD), the blood pressure (BP) at which antihypertensive interventions should be initiated remains to be determined. Therefore, we investigated the association between BP and
CKD in treatment-naïve individuals.
Methods: This prospective cohort study considered 7,343 individuals in the Korean Genome and Epidemiology Study who were not
taking antihypertensive medications. Subjects were categorized into six groups according to their systolic BP (SBP) and five groups according to their diastolic BP (DBP). The primary outcome was incident CKD, which was defined as an estimated glomerular filtration
rate of <60 mL/min/1.73 m2 or the development of proteinuria. The secondary outcome was incident cardiovascular disease (CVD).
Results: In the time-varying Cox models, the hazard ratios (95% confidence interval [CI]) for CKD were 1.39 (1.10–1.77) with SBP
130–139 mmHg, 1.79 (1.40–2.28) with SBP 140–159 mmHg, and 3.22 (2.35–4.40) with SBP ≥ 160 mmHg, compared with SBP
100–119 mmHg. In addition, the hazard ratios (95% CI) for CKD were 1.88 (1.48–2.37) with DBP 90–99 mmHg and 4.30 (3.20–
5.76) with DBP ≥ 100 mmHg, compared with DBP 70–79 mmHg. A significantly increased CVD risk was also observed in subjects
with SBP ≥ 130 mmHg or DBP ≥ 90 mmHg.
Conclusion: Our findings indicate that SBP ≥ 130 mmHg and DBP ≥ 90 mmHg are associated with an increased risk of CKD. Therefore, BP-lowering strategies should be considered starting at those thresholds to prevent CKD development.
Keywords: Blood pressure, Chronic kidney disease, Cardiovascular diseases, Hypertension, Incidence

Introduction
Hypertension (HTN) is a well-known risk factor for cardiovascular disease (CVD) and chronic kidney disease (CKD)
[1,2]. The kidney is one of the major organs damaged by

high blood pressure (BP), and hypertensive nephrosclerosis is the predominant cause of CKD [3,4]. Furthermore, the
incidence of HTN is directly proportional to a decline in
renal function [5,6]; thus, early detection and proper management of HTN is needed to reduce the risk of CKD and
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its related complications. In 2017, the American College
of Cardiology/American Heart Association suggested a
lower threshold for HTN defined as systolic BP (SBP) ≥ 130
mmHg or diastolic BP (DBP) ≥ 80 mmHg [7]. The decrease
in threshold was largely influenced by the Systolic Blood
Pressure Intervention Trial (SPRINT), which found that
maintaining SBP < 120 mmHg clearly reduced CVD risk [8].
Although intensive BP control can lower CVD risk and
mortality, the results of large randomized controlled trials (RCTs) have raised concerns that strict BP control can
produce an increased risk of CKD [8–10]. Moreover, RCTs
have usually been conducted in individuals with high CVD
risk who are already taking antihypertensive medications.
Therefore, deciding when to begin BP control medication in
individuals with a low CVD risk remains to be determined.
Early BP control interventions might not reduce or could
even harm renal function, but late intervention can increase
the risk of CKD, CVD, and the mortality associated with
those conditions. Previous observational studies have suggested that prehypertension is associated with an increased
CKD risk in the general population, but those studies defined prehypertension according to a variety of criteria or
included patients on antihypertensive medications [11–14].
Thus, substantial uncertainty remains regarding the best
BP level for CKD prevention, particularly among individuals without underlying kidney disease who are not taking
antihypertensive medication. Therefore, we examined the
association between BP and incident CKD risk in a large
Korean population who had not taken any antihypertensive medication.

Methods
Study population
In this study, we used data from the Korean Genome and
Epidemiology Study (KoGES), a prospective community-based cohort study of people living in urban and rural
areas. The study profile and methods used have already
been described [15,16]. In brief, the KoGES study population consisted of 10,030 individuals aged 40 to 69 years.
From 2001 to 2014, participants underwent serial medical
examinations and completed a biennial self-administered
questionnaire about their health, lifestyle, and diet. We
excluded individuals with no follow-up visits (n = 974);
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without baseline serum creatinine level or proteinuria data
(n = 29); with an estimated glomerular filtration rate (eGFR)
< 60 mL/min/1.73 m2, proteinuria 1+, or a history of underlying kidney disease at baseline (n = 625); taking antihypertensive medications at baseline (n = 898); or with a history
of CVD at baseline (n = 161). Thus, 7,343 subjects who provided written informed consent voluntarily participated in
this study (Supplementary Fig. 1, available online).
This study was carried out in accordance with the ethical
principles of the Declaration of Helsinki and was approved
by the Ethics Committee of the Korean Health and Genomic Study at the Korea National Institute of Health and the
Institutional Review Board of Soonchunhyang University
Hospital (No. 2019-03-022).
Data collection
Demographic and socioeconomic data were collected at
baseline. Height and body weight were measured following
standard methods with the patient wearing light clothes,
and body mass index (BMI) was determined as kg/m2. Educational status was divided into three categories: low, lower
than middle school; intermediate, middle school; and high,
higher than middle school. Income status was classified
into three categories: low, <$850 per month; intermediate,
>$850 to <$1,700 per month; and high, >$1,700 per month.
Smoking status was divided into three categories: current
smokers, former smokers, and never smokers. Diabetes
mellitus (DM) was defined as fasting glucose ≥126 mg/dL,
post-load glucose ≥ 200 mg/dL after a 75-g oral glucose
tolerance test, hemoglobin A1c ≥ 6.5%, a medical history of
DM, or the use of oral medication or insulin. Subjects with
a history of dyslipidemia or using lipid-lowering medications were defined as having dyslipidemia. Blood samples
were collected after overnight fasting. Urine samples were
collected in the morning after the first voiding and were
assessed for the presence of protein using a dipstick. Proteinuria was defined as 1+ or greater.
Subgroup category according to the systolic BP and diastolic BP
Using a mercury sphygmomanometer, trained nurses measured BP after the subjects had been in a relaxed state for
at least 10 minutes in a sitting position. The arm with the
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higher reading was used. The participants were divided
into six categories according to SBP (<100, 100–119, 120–
129, 130–139, 140–159, and ≥160 mmHg) and five categories according to DBP (<70, 70–79, 80–89, 90–99, and ≥100
mmHg).
Outcome measures
The primary outcome was incident CKD, which was defined as eGFR of <60 mL/min/1.73 m2 or the development
of proteinuria at least twice during follow-up. The eGFR
was calculated using the Chronic Kidney Disease Epidemiology Collaboration equation [17]. The secondary outcome
was incident CVD, which was defined as newly diagnosed
or prescribed medications for myocardial infarction, coronary artery disease, congestive heart failure, cerebrovascular disease, or peripheral artery disease during follow-up.
Statistical analysis
Continuous variables are expressed as means ± standard
deviations, and categorical variables are expressed as numbers and percentages. Continuous data were tested for homogeneity of variances using Levene’s test. When variances were not homogeneous, Welch’s analysis of variance was
used to assess differences among BP groups, with a Tukey
or Games-Howell post-hoc analysis, as appropriate. The
Cochran-Armitage trend test was used for categorical variables. A Kaplan-Meier analysis was used to estimate CKDfree survival, and a log-rank test was used to determine
significant differences between survival curves. We used
Cox proportional hazards regression analyses to determine
the relationship between BP and incident CKD. We also investigated the influence of time-dependent covariates. Details of the variables included and the consecutive models
are provided in Supplementary Table 1 (available online).
The nonlinear relationship between the CKD hazard ratio
(HR) and the baseline or time-varying BP was evaluated
using restricted cubic spline curves. In all survival analyses,
right-censoring occurred due to administrative censoring,
death, loss to follow up, or the initiation of antihypertensive
medication during follow-up. For all analyses, p < 0.05 was
considered statistically significant. Statistical analyses were
performed using R version 4.0.2 (R Foundation for Statistical Computing, Vienna, Austria).

Results
Baseline characteristics
The baseline characteristics of the eligible participants
according to their SBP categories are presented in Table 1.
The mean age of the subjects was 51 ± 9 years, and 3,736
of them (50.9%) were female. The mean eGFR was 94 ±
13 mL/min/1.73 m2. The prevalence of DM was 5%. BP
was measured five times on average during the follow-up
period, and the mean SBP and DBP were 122 ± 17 mmHg
and 82 ± 11 mmHg, respectively. Participants in the higher
baseline SBP groups were more likely than others to be older and have higher BMI, lower educational levels, and lower-income levels and less likely than others to be current
smokers. Moreover, the high SBP group had higher levels
of serum fasting glucose, total cholesterol, triglycerides,
hemoglobin, and serum albumin and lower eGFR. These
trends were similar among the DBP groups (Supplementary
Table 2, available online).
Incidence of chronic kidney disease according to blood
pressure
During a median follow-up period of 10 years (interquartile range, 6–12 years), 603 incident CKD events (8.2%)
occurred, and the crude incidence rate was 9.67 (95% confidence interval [CI], 8.92–10.48) per 1,000 person-years.
During follow-up, 2,028 participants were censored when
they started taking antihypertensive medication, and their
median follow-up period was 6 years (interquartile range,
4–9 years). The CKD incidence tended to increase significantly in the higher baseline SBP and DBP groups (p for
trend <0.001, both) (Supplementary Table 3, available online).
Relationship between blood pressure and incident chronic kidney disease
The Kaplan-Meier survival curves show a statistically significant difference in incident CKD between the BP groups.
When comparing the groups using SBP 100–119 mmHg as
the reference, the cumulative CKD-free survival rate was
significantly lower in all the groups with SBP ≥ 120 mmHg
(log-rank test p < 0.001 for all) (Fig. 1A). When comparing
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Table 1. Baseline characteristics of the participants
Variable
Age (yr)
Female sex
SBP (mmHg)
DBP (mmHg)
Body mass index (kg/m2)
Education
Low
Intermediate
High
Income
Low
Intermediate
High
Married
Smoking
Never
Former
Current
Diabetes mellitus
Dyslipidemia
Fasting glucose (mg/dL)
Creatinine (mg/dL)
eGFR (mL/min/1.73 m2)
Total cholesterol (mg/dL)
Triglyceride (mg/dL)
HDL-C (mg/dL)
LDL-C (mg/dL)
Albumin (g/dL)
Hemoglobin (g/dL)

SBP (mmHg)
120–129
130–139
(n = 1,628)
(n = 1,148)
51.2 ± 8.4
53.9 ± 9.0
747 (45.9)
521 (45.4)
123.3 ± 3.0
132.8 ± 2.9
82.7 ± 6.7
88.3 ± 7.3
24.6 ± 3.1
24.7 ± 3.1

<100
(n = 397)
46.7 ± 6.5
279 (70.3)
93.6 ± 4.3
64.3 ± 5.7
23.1 ± 2.5

100–119
(n = 3,016)
48.9 ± 7.7
1600 (53.1)
109.8 ± 5.4
75.1 ± 6.7
24.0 ± 2.9

140–159
(n = 889)
56.0 ± 8.4
442 (49.7)
146.2 ± 5.5
94.4 ± 8.4
25.0 ± 3.3

≥160
(n = 265)
58.2 ± 7.8
147 (55.5)
169.1 ± 10.5
101.9 ± 11.1
25.0 ± 3.4

67 (16.9)
84 (21.2)
245 (61.9)

672 (22.4)
712 (23.7)
1,614 (53.8)

498 (30.9)
389 (24.1)
724 (44.9)

473 (41.5)
249 (21.8)
418 (36.7)

423 (48.0)
195 (22.1)
264 (29.9)

146 (57.3)
56 (22.0)
53 (20.8)

57 (14.4)
116 (29.3)
223 (56.3)
392 (98.7)

741 (25.0)
915 (30.8)
1,310 (44.2)
2,963 (98.8)

530 (33.2)
503 (31.5)
562 (35.2)
1,596 (98.5)

467 (41.5)
316 (28.1)
343 (30.5)
1,120 (98.9)

416 (48.1)
242 (28.0)
206 (23.8)
874 (99.1)

154 (59.7)
62 (24.0)
42 (16.3)
257 (98.5)

281 (70.8)
31 (7.8)
85 (21.4)
9 (2.3)
9 (2.3)
81.8 ± 18.2
0.8 ± 0.2
96.7 ± 13.4
181.4 ± 30.5
127.4 ± 73.0
45.9 ± 9.8
110.1 ± 28.6
4.2 ± 0.3
12.9 ± 1.5

1,776 (58.9)
430 (14.3)
810 (26.9)
122 (4.0)
69 (2.3)
85.2 ± 19.0
0.8 ± 0.2
94.6 ± 13.2
188.1 ± 33.9
145.0 ± 91.9
44.9 ± 9.7
114.4 ± 31.4
4.2 ± 0.3
13.5 ± 1.6

913 (56.1)
265 (16.3)
450 (27.6)
89 (5.5)
29 (1.8)
86.7 ± 21.0
0.8 ± 0.2
93.2 ± 13.2
190.3 ± 34.6
164.8 ± 108.8
44.4 ± 9.9
113.4 ± 32.1
4.3 ± 0.3
13.8 ± 1.6

627 (54.6)
212 (18.5)
309 (26.9)
87 (7.6)
20 (1.7)
87.5 ± 18.3
0.8 ± 0.2
92.4 ± 12.2
191.6 ± 35.9
172.4 ± 106.1
44.7 ± 10.3
112.7 ± 33.2
4.2 ± 0.3
13.8 ± 1.6

520 (58.5)
144 (16.2)
225 (25.3)
55 (6.2)
21 (2.4)
89.4 ± 22.9
0.8 ± 0.2
91.1 ± 12.2
194.1 ± 36.8
179.2 ± 119.2
45.3 ± 10.4
113.7 ± 33.9
4.3 ± 0.3
13.8 ± 1.5

167 (63.0)
31 (11.7)
67 (25.3)
16 (6.0)
2 (0.8)
90.8 ± 23.4
0.8 ± 0.2
89.7 ± 12.4
191.8 ± 38.1
180.0 ± 107.5
45.8 ± 11.3
110.5 ± 35.7
4.2 ± 0.3
13.6 ± 1.5

Data are expressed as counts (%) for categorical variables and as means ± standard deviations for continuous variables.
DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure.

the groups using DBP 70–79 mmHg as the reference, all
the DBP groups ≥ 80 mmHg showed a significantly lower
cumulative CKD-free survival rate (log-rank test p < 0.001
for all) (Fig. 1B). In the multivariable Cox proportional hazard regression models with baseline data, both SBP ≥ 120
mmHg and SBP < 100 mmHg (HR, 1.66; 95% CI, 1.08–2.54;
p = 0.02) were associated with a significantly increased
CKD risk compared with the SBP 100–119 mmHg group
(Table 2). Similarly, a significantly increased risk of CKD
was observed in the DBP ≥ 80 mmHg and DBP < 70 mmHg
groups (HR, 1.44; 95% CI, 1.04–2.01; p = 0.03) compared
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with the DBP 70–79 mmHg group. However, when we treated BP as a time-varying variable, the increased CKD risk
in the lowest BP group disappeared. In the time-varying
multivariable Cox analysis, significant increases in CKD
risk were observed only with SBP 130–139 mmHg (HR, 1.39;
95% CI, 1.10–1.77; p = 0.007), 140–159 mmHg (HR, 1.79;
95% CI, 1.40–2.28; p < 0.001), and ≥160 mmHg (HR, 3.22;
95% CI, 2.35–4.40; p < 0.001). In the DBP groups, increased
CKD risks were observed with DBP 90–99 mmHg (HR, 1.88;
95% CI, 1.48–2.37; p < 0.001) and ≥100 mmHg (HR, 4.30;
95% CI, 3.20–5.76; p < 0.001) (Table 2). The stepwise mod-
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Figure 1. Kaplan-Meier curves for the development of CKD according to baseline (A) SBP and (B) DBP. The cumulative CKD-free
survival rate gradually decreased as BP increased in groups with SBP ≥120 mmHg and DBP ≥80 mmHg compared with the SBP 100–
119 mmHg and DBP 70–79 mmHg groups, respectively.
BP, blood pressure; CKD, chronic kidney disease; DBP, diastolic blood pressure; SBP, systolic blood pressure.

Table 2. Relationship between blood pressure and incident chronic kidney disease
Baseline
Variable
SBP (mmHg)
<100
100–119
120–129
130–139
140–159
≥160
DBP (mmHg)
<70
70–79
80–89
90–99
≥100

Unadjusted
HR (95% CI)
p-value
1.13 (0.74–1.72)
(Reference)
1.62 (1.28–2.05)
2.99 (2.37–3.77)
4.98 (3.93–6.30)
9.19 (6.45–13.11)
1.02 (0.74–1.41)
(Reference)
1.46 (1.17–1.81)
2.31 (1.83–2.92)
3.94 (2.94–5.29)

0.57
<0.001
<0.001
<0.001
<0.001
0.90
0.001
<0.001
<0.001

Time-varying
a

Adjusted
HR (95% CI)
p-value

Unadjusted
HR (95% CI)
p-value

Adjustedb
HR (95% CI)
p-value

1.66 (1.08–2.54) 0.02
(Reference)
1.35 (1.06–1.71) 0.01
1.96 (1.54–2.48) <0.001
2.66 (2.08–3.40) <0.001
3.78 (2.62–5.47) <0.001

0.84 (0.56–1.25) 0.39
(Reference)
1.16 (0.90–1.48) 0.25
2.13 (1.69–2.69) <0.001
3.18 (2.53–3.99) <0.001
7.13 (5.28–9.62) <0.001

1.12 (0.75–1.67) 0.57
(Reference)
0.93 (0.73–1.19) 0.55
1.39 (1.10–1.77) 0.007
1.79 (1.40–2.28) <0.001
3.22 (2.35–4.40) <0.001

1.44 (1.04–2.01) 0.03
(Reference)
1.35 (1.09–1.69) 0.007
1.90 (1.50–2.40) <0.001
3.00 (2.22–4.05) <0.001

0.99 (0.74–1.31) 0.93
(Reference)
1.21 (0.98–1.50) 0.07
1.89 (1.49–2.38) <0.001
3.79 (2.84–5.05) <0.001

1.05 (0.79–1.40) 0.73
(Reference)
1.19 (0.97–1.47) 0.10
1.88 (1.48–2.37) <0.001
4.30 (3.20–5.76) <0.001

CI, confidence interval; DBP, diastolic blood pressure; HR, hazard ratio; SBP, systolic blood pressure.
a
Baseline data were adjusted for age, sex, educational attainment, income level, smoking status, body mass index (BMI), history of diabetes mellitus
(DM) and dyslipidemia, estimated glomerular filtration rate (eGFR), total cholesterol, albumin, and hemoglobin, bData were adjusted for baseline sex,

educational attainment, income level, smoking status, history of DM and dyslipidemia, eGFR, and albumin and time-updated age, BMI, total
cholesterol, and hemoglobin.
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eling of these Cox regression analyses is presented in Supplementary Tables 4 and 5 (available online). Collectively,
a significantly increased CKD risk was observed in patients
with SBP ≥ 130 mmHg and DBP ≥ 90 mmHg.
Sensitivity analyses
We further conducted a sensitivity analysis in which baseline and time-varying BPs were treated as continuous
variables to assess the consistency of our findings. When
evaluating the nonlinear relationship between BP and CKD
risk using restricted cubic spline models, the CKD risk increased incrementally with higher baseline and time-varying SBPs (Fig. 2A, B). The CKD risk tended to increase
with SBP < 100 mmHg, but that was not significant due to
wide CIs. Similarly, CKD hazards gradually increased with
higher baseline and time-varying DBPs (Fig. 2C, D). The
lowest CKD hazard was shown in people with a time-varying SBP between 100 and 119 mmHg, and that CKD hazard
was nearly constant in those with a time-varying DBP < 80
mmHg.
Subgroup analyses
In subgroup analyses, we assessed interactions between
time-varying BPs and stratified subgroups (time-updated
age, sex, time-updated BMI, baseline DM, and time-updated total cholesterol) using a likelihood ratio test. Subjects were categorized into two groups based on SBP ≥ 130
mmHg and DBP ≥ 90 mmHg, both of which are associated
with increased CKD risk. The association of SBP and DBP
with incident CKD was consistent across all subgroups
(Fig. 3). However, age had a significant interaction with the
relationship between time-varying BP and incident CKD.
The CKD risk increased significantly in both age groups
(<60 years and ≥60 years), but the risk in the subgroup of
patients aged <60 years was higher.
Relationship between blood pressure and incident cardiovascular disease
Because the BP thresholds associated with an increased
CVD risk might differ from those associated with CKD
risk, we also analyzed the incident CVD risk according to
BP. During follow-up, 404 CVD events (5.5%) occurred,
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and the crude incidence rate was 7 (95% CI, 6–7) per 1,000
person-years. The multivariable Cox proportional hazard
regression analysis for incident CVD is presented in Table 3.
Consistent with incident CKD, time-varying SBP 130–139
mmHg (HR, 1.61; 95% CI, 1.19–2.18; p = 0.002), 140–159
mmHg (HR, 2.34; 95% CI, 1.72–3.17; p <0.001), and ≥160
mmHg (HR, 2.88; 95% CI, 1.84–4.50; p < 0.001) were significantly associated with increased CVD risk compared
with SBP 100–119 mmHg. Results were similar in the DBP
groups; a significant increase in incident CVD risk was observed with time-varying DBP 90–99 mmHg (HR, 1.69; 95%
CI, 1.26–2.25; p < 0.001) and ≥100 mmHg (HR, 3.31; 95% CI,
2.34–4.70; p < 0.001) compared with DBP 70–79 mmHg.

Discussion
Using data from 7,343 subjects not taking antihypertensive
medications, we demonstrated a graded association between time-varying BP and CKD development. Compared
with the reference categories of SBP 100–119 mmHg and
DBP 70–79 mmHg, CKD risk increased from SBP ≥ 130
mmHg and DBP ≥ 90 mmHg. Those BP thresholds were
consistent when evaluating the association between BP
and CVD risk. These results indicate that BP control interventions in treatment-naïve individuals should start when
the SBP or DBP reaches 130 mmHg or 90 mmHg, respectively, to prevent CVD and CKD.
Several observational studies have shown that an increase in SBP is associated with a substantial risk of CKD in
the general population [11,18–23]. However, considerable
uncertainty remains about the SBP level that leads to CKD.
The SBP threshold associated with increased CKD risk has
been reported as 120–140 mmHg in previous studies. This
inconsistency among studies can largely be explained by
differences in the baseline characteristics of the various
study populations. Importantly, because the aforementioned studies included subjects without regard to the use
of antihypertensive medications, a substantial proportion
of those subjects used antihypertensive drugs at baseline
or during follow-up. It is noteworthy that the relationship
between BP and patient outcomes can vary depending on
the use of antihypertensive medications. A previous study
reported that the association between BP and cardiorenal
death was J-shaped in users of antihypertensive medications, whereas the association was linear in non-users [24].
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Figure 2. Restricted cubic spline curve for the incident CKD risk according to (A) baseline SBP, (B) time-updated SBP, (C) baseline DBP, and (D) time-updated DBP. All of the curves show an increased risk of CKD with higher BPs, and those relationships are
clearer with time-varying BPs. Baseline data were adjusted for age, sex, educational attainment, income level, smoking status, BMI, history of DM and dyslipidemia, eGFR, total cholesterol, albumin, and hemoglobin levels. Time-updated data were adjusted for baseline sex,
educational attainment, income level, smoking status, history of DM and dyslipidemia, eGFR, and albumin and time-updated age, BMI,
total cholesterol, and hemoglobin.
Solid line, estimated hazard ratio; dashed line, 95% confidence interval; dotted line, hazard ratio of 1. BMI, body mass index; BP, blood
pressure; CKD, chronic kidney disease; DBP, diastolic blood pressure; DM, diabetes mellitus; eGFR, estimated glomerular filtration
rate; SBP, systolic blood pressure.

In that study, the risk of end-stage kidney disease was significantly higher in antihypertensive users than in non-users, even if they were in the same BP categories. Therefore,
previous observational studies cannot be used to identify

a BP threshold associated with an increased CKD risk in
treatment-naïve individuals. In this study, we began by
excluding patients taking antihypertensive medications at
baseline. However, excluding all subjects who started tak-
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Figure 3. Subgroup analyses and interaction terms for incident CKD according to time-updated (A) SBP and (B) DBP. The association between incident CKD and time-varying BP showed a similar pattern independent of sex, time-updated BMI, history of DM, and
time-updated total cholesterol, but not independent of age. The risk of incident CKD was greater among those aged <60 years than
among those aged ≥60 years. Data were adjusted for baseline sex, educational attainment, income level, smoking status, history of
DM and dyslipidemia, eGFR, and albumin and time-updated age, BMI, total cholesterol, and hemoglobin. Forest plots show the HR (dots)
and 95% CI (horizontal bars) of time-updated BP (SBP ≥130 mmHg and DBP≥90 mmHg) for incident CKD in the subgroups defined by
demographic and clinical characteristics.
BMI, body mass index; BP, blood pressure; CI, confidence interval; CKD, chronic kidney disease; DBP, diastolic blood pressure; DM,
diabetes mellitus; eGFR, estimated glomerular filtration rate; HR, hazard ratio; SBP, systolic blood pressure.
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Table 3. Relationship between blood pressure and incident cardiovascular disease
Variable
SBP (mmHg)
<100
100–119
120–129
130–139
140–159
≥160
DBP (mmHg)
<70
70–79
80–89
90–99
≥100

Baseline
Unadjusted
Adjusteda
HR (95% CI)
p-value
HR (95% CI)
p-value
0.31 (0.13–0.76)
(Reference)
1.63 (1.24–2.14)
2.81 (2.14–3.69)
3.51 (2.61–4.72)
6.19 (3.97–9.65)
0.64 (0.40–1.02)
(Reference)
1.28 (0.98–1.67)
2.18 (1.66–2.87)
3.49 (2.47–4.94)

0.01
<0.001
<0.001
<0.001
<0.001
0.06
0.07
<0.001
<0.001

Time-varying
Unadjusted
Adjustedb
HR (95% CI)
p-value
HR (95% CI)
p-value

0.40 (0.16–0.99) 0.05
(Reference)
1.36 (1.03–1.79) 0.03
1.93 (1.45–2.55) <0.001
2.11 (1.55–2.89) <0.001
3.19 (2.01–5.05) <0.001

0.56 (0.31–1.02) 0.06
(Reference)
1.51 (1.14–2.00) 0.004
2.20 (1.65–2.94) <0.001
3.39 (2.57–4.48) <0.001
4.58 (2.98–7.06) <0.001

0.69 (0.38–1.26) 0.23
(Reference)
1.26 (0.95–1.69) 0.11
1.61 (1.19–2.18) 0.002
2.34 (1.72–3.17) <0.001
2.88 (1.84–4.50) <0.001

0.79 (0.50–1.27) 0.33
(Reference)
1.16 (0.89–1.51) 0.29
1.70 (1.29–2.26) <0.001
2.49 (1.74–3.55) <0.001

0.71 (0.48–1.05) 0.08
(Reference)
1.15 (0.89–1.49) 0.28
1.93 (1.46–2.55) <0.001
3.92 (2.81–5.47) <0.001

0.80 (0.54–1.19) 0.27
(Reference)
1.04 (0.80–1.35) 0.76
1.69 (1.26–2.25) <0.001
3.31 (2.34–4.70) <0.001

CI, confidence interval; DBP, diastolic blood pressure; HR, hazard ratio; SBP, systolic blood pressure.
a
Baseline data were adjusted for age, sex, educational attainment, income level, smoking status, body mass index (BMI), history of diabetes mellitus
(DM) and dyslipidemia, estimated glomerular filtration rate (eGFR), total cholesterol, albumin, and hemoglobin. bData were adjusted for baseline sex,

educational attainment, income level, smoking status, history of DM and dyslipidemia, eGFR, and albumin and time-updated age, BMI, total
cholesterol, and hemoglobin.

ing antihypertensive medication during follow-up can lead
to selection bias. Therefore, we included those subjects at
baseline and censored them when they started taking antihypertensive medications during follow-up. As a result,
we found that SBP ≥ 130 mmHg and DBP ≥ 90 mmHg are
indications for HTN management to prevent CKD in treatment-naïve individuals.
The relationship between baseline BP and CKD was
J-shaped; however, after accounting for time-varying risk
factors, that association disappeared, and CKD risk remained similar among subjects with BP lower than the
threshold values. A J- or U-shaped relationship between BP
values and CVD was previously reported [25,26]. In addition, some studies have shown a linear association between
BP and CKD [23,24], whereas other studies found that
those with low BP did not have a lower risk of CKD [21,27].
The high risk of CKD or CVD in people with low BP could
be a result of a cardiovascular burden that produces both
low BP and adverse outcomes. In this study, we included
subjects with a low CVD risk and excluded those with a history of CVD or CKD. Importantly, a meta-analysis of 7 RCTs
using time-updated BP values showed that the J- shaped
association between low BP at baseline and mortality
during follow-up was explained by poor health conditions,

not BP-specific events [28]. In our study, the low SBP (<100
mmHg) group had lower BMI, albumin, and hemoglobin
levels than the subjects in other groups, indicating poor
nutritional status. Thus, although the detrimental nutritional status could contribute to low baseline BP and a high
risk of CKD, a time-dependent analysis might mitigate the
confounding effect of nutritional status on the relationship
between BP and CKD. This discrepancy between baseline
and time-varying BPs in our study was in agreement with
the results of a previous large observational study conducted in Hong Kong [29]. Nevertheless, our results do not support the linear association between BP and CKD presented
in large observational studies [23,24]. Therefore, further
large observational studies and meta-analyses are needed
to identify whether ‘the lower the better’ concept can be
applied to treatment-naïve individuals with a low risk of
CVD.
Although high SBP has been reported to be associated
with both renal and cardiovascular complications [30–32],
reports regarding its effects on CKD and CVD risks have
conflicted. The SPRINT study reported that intensive SBP
control, targeted to 120 mmHg, was associated with a reduction in the risk of CVD [8]. However, no favorable effect
of intensive BP control on CVD events was found in the
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Action to Control Cardiovascular Risk in Diabetes (ACCORD) study [9]. Importantly, both SPRINT and ACCORD
reported that more patients without baseline CKD in the
intensive SBP control group experienced eGFR reduction
[10]. However, those results cannot be applied to treatment-naïve individuals because those RCTs were conducted for patients with a high CVD risk who had already taken
antihypertensive medications. We examined the relationship between BP and CVD as a secondary outcome in our
study and found that the BP thresholds associated with
increased CKD and CVD risks were the same: SBP ≥ 130
mmHg and DBP ≥ 90 mmHg. These findings suggest that
SBP ≥ 130 mmHg or DBP ≥ 90 mmHg should be the points
to begin BP control intervention in treatment-naïve individuals. Due to the nature of our study, we cannot provide
an ‘optimal target’ BP that will reduce CKD or CVD risks.
Therefore, further RCTs are warranted to establish appropriate BP targets for reducing both CKD and CVD risk in
the treatment-naïve population.
In our study, the relationship between SBP and CKD was
more pronounced in participants younger than 60 years
than in those older than 60 years. Although the prevalence
of HTN and CKD increases with age [33,34], conflicting
results have been reported about the age-specific relationship between CKD and SBP. Previous studies have reported
that older patients with HTN had a prominent [35], similar [11], or attenuated [36,37] risk of CKD compared with
younger patients. This discrepancy might be caused by
differences in patient characteristics, statistical methods, or
whether the use of antihypertensive medication was considered. Interestingly, previous large cohort studies have
reported that the relationships between BP and several
CVD outcomes were robust in young adults and tended to
attenuate with increasing age [1,36,38]. Therefore, because
CKD and CVD share common risk factors, the age-specific
risk of CKD might be similar to the risk of CVD. The high
risk of CKD in subjects <60 years might be caused by low
awareness and treatment rates of HTN [39]. However, we
excluded subjects treated with antihypertensive medication at baseline and censored those newly treated during
the follow-up period. Therefore, our findings indicate that
more efforts should be made to improve the detection and
management of HTN, especially in people aged <60 years.
The strengths of our study include a well-validated,
representative cohort consisting only of individuals not

40

www.krcp-ksn.org

taking antihypertensive medication. This stringent approach helped us to show a correct and natural course of
CKD development in subjects who had not taken antihypertensive medications. Moreover, our cohort had a long
follow-up duration, and changes in risk factors over time
were considered through the use of time-varying covariates. Nevertheless, this study also has some limitations.
First, our observational study cannot exclude the possibility of residual confounding by unmeasured variables,
despite our comprehensive adjustment for confounders.
Second, some misclassification could arise because BP
was measured biennially and was not measured using 24hour ambulatory monitoring [40], and the assessment of
antihypertensive and CVD medication intake was based on
participants’ self-report questionnaires. However, the use
of time-varying covariates at least partly compensates for
the possibility of those measurement errors. Third, we had
no data to explain why participants did not take antihypertensive medications, even though they met the criteria for
HTN. They might have been advised to make lifestyle modifications, have declined medication intake, or been lost
to follow up. Finally, our results might not be applicable to
other countries with various races and socioeconomic statuses because our study involved only Koreans.
In conclusion, an SBP ≥ 130 mmHg or DBP ≥ 90 mmHg
was associated with an increased risk of incident CKD in
treatment-naïve individuals. Therefore, BP-lowering interventions should be considered when BP exceeds those
thresholds to prevent CKD in treatment-naïve individuals.
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Quality of life in patients with diabetic nephropathy:
findings from the KNOW-CKD (Korean Cohort Study for
Outcomes in Patients with Chronic Kidney Disease) cohort
Hyunsuk Kim1, Joongyub Lee2, Gwang Ho Choi1, Hae Min Jeong1, Seok hyung Kim1, Jae Eon Gu1, Jeong-Ju Yoo3,
Miyeun Han4, Hyo-Jin Kim4, Su-Ah Sung5, Seung Hyeok Han6, Yeong Hoon Kim7, Jong-Woo Yoon1, Jongho Heo8,
Kook-Hwan Oh9
1

Department of Internal Medicine, Hallym University Chuncheon Sacred Heart Hospital, Chuncheon, Republic of Korea
Prevention and Management Center, Inha University Hospital, Incheon, Republic of Korea
3
Department of Internal Medicine, Soonchunhyang University Hospital Bucheon, Bucheon, Republic of Korea
4
Department of Internal Medicine, Pusan National University Hospital, Busan, Republic of Korea
5
Department of Internal Medicine, Eulji General Hospital, Seoul, Republic of Korea
6
Department of Internal Medicine, Institute of Kidney Disease Research, Yonsei University College of Medicine, Seoul, Republic of Korea
7
Department of Internal Medicine, Inje University Busan Paik Hospital, Inje University College of Medicine, Busan, Republic of Korea
8
National Assembly Futures Institute, Seoul, Republic of Korea
9
Department of Internal Medicine, Seoul National University Hospital, Seoul, Republic of Korea
2

Background: Diabetic nephropathy (DN) can affect quality of life (QoL) because it requires arduous lifelong management. This study
analyzed QoL differences between DN patients and patients with other chronic kidney diseases (CKDs).
Methods: The analysis included subjects (n = 1,766) from the KNOW-CKD (Korean Cohort Study for Outcomes in Patients with Chronic
Kidney Disease) cohort who completed the Kidney Disease Quality of Life Short Form questionnaire. After implementing propensity score
matching (PSM) using factors that affect the QoL of DN patients, QoL differences between DN and non-DN participants were examined.
Results: Among all DN patients (n = 390), higher QoL scores were found for taller subjects, and lower scores were found for those who
were unemployed or unmarried, received Medical Aid, had lower economic status, had higher platelet counts or alkaline phosphatase
levels, or used clopidogrel or insulin. After PSM, the 239 matched DN subjects reported significantly lower patient satisfaction (59.9 vs.
64.5, p = 0.02) and general health (35.3 vs. 39.1, p = 0.04) than the 239 non-DN subjects. Scores decreased in both groups during
the 5-year follow-up, and the scores in the work status, sexual function, and role-physical domains were lower among DN patients than
non-DN patients, though those differences were not statistically significant.
Conclusion: Socioeconomic factors of DN were strong risk factors for impaired QoL, as were high platelet, alkaline phosphatase, and
clopidogrel and insulin use. Clinicians should keep in mind that the QoL of DN patients might decrease in some domains compared
with non-DN CKDs.
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Introduction
Diabetic nephropathy (DN) is the top cause of end-stage
renal disease (ESRD). In South Korea, 48.8% of ESRD is
caused by DN (http://www.ksn.or.kr/rang_board/list.html?code=sinchart; current renal replacement therapy in
Korea, Insan Memorial Dialysis Registry 2019 [1]), and DN is
also a major component of the global burden of ESRD.
DN can affect quality of life (QoL) because it requires arduous lifelong management. Various studies have examined
factors that correlate with low QoL in DN patients. Doctors
cannot consider patients’ short-term QoL; instead, they
must focus on reducing patients’ risk of complications to improve their long-term QoL [2]. For example, glucose fluctuations affect cognitive function among patients with diabetes
mellitus, which can lead to diminished QoL [3]. Among
patients with diabetes, QoL is lower in women than in men,
especially in terms of mental health. QoL was found to be
worse among young women than among men with high
hemoglobin A1c (HbA1c) levels [4]. Another study reported that QoL was better when patients were younger, their
diabetes diagnosis had been made in the past 5 years, their
HbA1c level was lower than 7%, they had no other complications or history of hospitalization, and their body mass index
(BMI) was below 24 kg/m2 [5].
However, how the QoL of patients with DN compares with
that of patients with other types of chronic kidney disease
(CKD) is not well known. Therefore, we used data from the
KNOW-CKD (Korean Cohort Study for Outcomes in Patients
with Chronic Kidney Disease) cohort, which includes multiple types of CKD (glomerulonephritis, DN, hypertensive
kidney disease, polycystic kidney disease, etc.), to investigate
factors that influence the QoL of patients with DN and determine whether the QoL of patients with DN differs from that
of other patients in the KNOW-CKD cohort. To accomplish
that goal, we compared QoL changes from baseline to 5
years later between DN and non-DN subjects.

Methods
Study population and ethics statement
This study used data from KNOW-CKD, a multicenter prospective cohort study that included patients from through-
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out Korea who were 20 to 75 years old with stage 1 to 5
CKD and not on dialysis. The design and methods of the
KNOW-CKD study have been presented in detail elsewhere
(NCT01630486 at http://www.clinicaltrials.gov) [6]. All procedures were conducted in accordance with the relevant
ethical standards of the institutional and national research
committees and with the 1964 Helsinki Declaration and
its later amendments or comparable ethical standards.
Informed consent was obtained from all subjects. The Institutional Review Board of each clinical center from which
patients were drawn approved the KNOW-CKD study protocol in 2013: Seoul National University Hospital (No. 1104–
089–359), Seoul National University Bundang Hospital (No.
B-1106/129-008), Yonsei University Severance Hospital (No.
4-2011-0163), Kangbuk Samsung Medical Center (No. 201101-076), The Catholic University of Korea, Seoul St. Mary’s
Hospital (No. KC11OIMI0441), Gachon University Gil Hospital (No. GIRBA2553), Eulji General Hospital (No. 201105-01),
Chonnam National University Hospital (No. CNUH-2011092), and Inje University Busan Paik Hospital (No. 11-091).
Data collection and variables
For the present study, data were searched using an electronic data management system (PhactaX, Seoul, Republic of
Korea) with assistance from the data management department of the Medical Research Collaborative Center at Seoul
National University. The following variables were analyzed:
sex; age; weight; height; BMI; blood pressure; number of
family members; work, marital, insurance, and economic
status; coronary artery calcium score; hemoglobin; platelet
count; albumin, uric acid, calcium, blood urea nitrogen
(BUN), phosphate, alkaline phosphatase, total bilirubin,
fasting glucose, HbA1c, vitamin D3, creatinine (Cr), and
cystatin C (Cys C) levels; iron and total iron binding capacity
(TIBC); hepcidin, adiponectin, and klotho levels; relative
wall thickness (RWT); and use of clopidogrel or insulin.
Serum Cr was measured using traceable isotope-dilution
mass spectrometry. Samples collected before May 1, 2013,
were analyzed retrospectively on the basis of samples stored
in the Biobank. After May 1, 2013, real-time measurements
were made after samples were collected from each institution and transported to a central laboratory.
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Definitions
The Korean version 1.3 of the Kidney Disease Quality of Life
Short Form (KDQOL-SF) was used to evaluate health-related QoL (HRQoL). The KDQOL-SF contains disease-targeted
items (kidney disease component summary, KDCS) focused
on the particular health-related concerns of subjects with
kidney disease who are on dialysis: (1) symptoms/problems, (2) effects of kidney disease on daily life, (3) burden
of kidney disease, (4) work status, (5) cognitive function, (6)
quality of social interactions, (7) sexual function, (8) sleep,
(9) social support, (10) dialysis staff encouragement, and
(11) patient satisfaction. The KDQOL-SF also contains the
Medical Outcome Study Short Form-36 Health Survey (SF36), which is composed of a physical component summary
(PCS) and a mental component summary (MCS). The PCS
and MCS each contain four subscales: (1) physical function,
(2) role-physical (limitations due to physical problems),
(3) bodily pain, and (4) general health and (1) vitality, (2)
role-emotional, (3) social function, and (4) mental health,
respectively. Within the KDQOL-SF, each domain of the
KDCS and SF-36 is scored on a 100-point scale, with higher
scores representing better QoL. The scores of items in the
kidney disease-specific part of the KDQOL-SF were averaged to give the KDCS score. The scores from the SF-36 part
of the KDQOL-SF were summarized as MCS and PCS. The
number of family members was grouped into ≤1, 2–3, or
>3. Work status was defined as employed or unemployed;
marital status was divided into married, unmarried, and divorced or widowed; economic status was divided into higher
(>$4,000/family/month), middle ($1,330–$4,000/family/
month) and lower (<$1,330/family/month); and insurance
status was divided into medical insurance or Medical Aid
(including refunds). The coronary artery calcium score was
divided into two groups (≤400 and >400). RWT allows further classification of left ventricular mass increase as either
concentric hypertrophy (RWT > 0.42) or eccentric hypertrophy (RWT ≤ 0.42). DN was defined as CKD primarily or
exclusively caused by diabetes. Among the 2,238 subjects in
the KNOW-CKD cohort, 754 patients (33%) had diabetes,
and 519 (23%) were deemed to have DN. In the KNOW-CKD
cohort, the most common disease was glomerulonephritis
(36%), followed by DN (23%), hypertensive nephropathy
(18%), autosomal dominant polycystic kidney disease (16%),
and other unclassified CKD (6%). In this study, the non-DN

group contained all DN patients in the KNOW-CKD cohort
not diagnosed with diabetes.
The process of propensity score matching
This study analyzed the 1,766 KNOW-CKD subjects who
completed the KDQOL-SF. First, factors that influenced the
KDCS, PCS, and MCS scores among the subjects with DN (n
= 390) were examined. Then, we conducted propensity score
matching (PSM) to control the factors that were significant
in the DN subjects, reduce the effects of selection bias, and
potential confounding between the two groups [7,8]. The
following 32 variables were used for PSM: sex; age; weight;
height; BMI; blood pressure, smoking; number of family
members; work, marital, insurance, and economic status;
coronary artery calcium score; RWT; Cr; Cys C; hemoglobin;
platelet count; albumin, uric acid, calcium, BUN, phosphate,
alkaline phosphatase, total bilirubin, and vitamin D3 levels;
iron; TIBC; hepcidin, adiponectin, and klotho levels; and use
of clopidogrel. To measure the balancing, we calculated the
standardized bias for each measured covariate in the weighted samples using the “twang” package in R version 4.0.4
(R Foundation for Statistical Computing, Vienna, Austria;
http://cran.r-project.org/). After PSM, 239 DN and 239 nonDN subjects were successfully selected (Supplementary Fig.
1, available online). Differences between the two groups in
mean baseline and 5-year follow-up KDQOL-SF scores were
then analyzed (Fig. 1).
Statistical methodology
Variables are expressed as the mean ± standard deviation or
number (%). The p-value were calculated by Student’s t-test
or Mann-Whitney U test for continuous variables and Chisquare test or Fisher’s exact test for categorical variables.
First, meaningful factors were selected from the KNOWCKD dataset using a literature review of factors that affect
QoL in DN. Then, a linear regression model was constructed
with those factors to understand which ones influenced QoL
in the subjects with DN in the KNOW-CKD cohort. Factors
that were significant (p < 0.05) in the univariate analysis
were used in the multivariate model, and KDCS, PCS, and
MCS were analyzed separately. After selecting the DN and
non-DN groups through PSM by considering the variables
found to influence the QoL of DN patients, the differences
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KNOW-CKD (n = 2,238)
From June 2011 to August 2018

QoL DN (n = 390)

Excluded (n = 472)
who did not perform
baseline KDQOL-SF

Total (n = 1,766)
By PSM pair sampling using
the Greedy matching technique
(5 to 1 digit match macro)

QoL analysis, baseline
DN (n = 239)

QoL analysis, 5-yr FU
DN

QoL analysis, baseline
Non-DN (n = 239)

QoL analysis, 5-yr FU
Non-DN

Figure 1. Flow chart of the patients. The analysis incorporated
the 1,766 KNOW-CKD (Korean Cohort Study for Outcomes in
Patients with Chronic Kidney Disease) subjects who completed
the Kidney Disease Quality of Life Short Form (KDQOL-SF).
After finding the factors that significantly influenced the kidney
disease component summary, physical component summary,
and mental component summary scores of subjects with diabetic
nephropathy (DN) (n = 390), propensity score matching (PSM)
using those factors yielded 239 DN and 239 non-DN subjects.
Between-group differences in mean baseline and 5-year follow-up
(FU) KDQOL-SF scores were analyzed.
QoL, quality of life.

between the two groups in their baseline and 5-year follow-up KDQOL-SF scores were analyzed using the Student t
test. Changes in the KDQOL-SF scores over 5 years were also
compared between the two groups using the Student t test.
All statistical analyses were conducted using IBM SPSS version 23.0 for Windows (IBM Corp., Armonk, NY, USA).

Results
Baseline characteristics of diabetic nephropathy subjects
Data from 390 DN patients were used to analyze QoL.
Among them, 276 (70.8%) were male, and their average age
was 59 years. Their average height was 165 cm and average
BMI was 25.4 kg/m2. One hundred forty-two (36.4%) had
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more than three family members, and 46.4% (n = 181) of
them were working. Furthermore, 320 (82.3%) were married,
and more than 50% of them were in the middle economic
status group. Approximately one-third (32.5%, n = 119) of
the participants had a coronary calcium score greater than
400. The average Cr level was 2.4 mg/dL, albumin level was
4.0 g/dL, and hemoglobin level was 11.7 g/dL. The average
platelet count was 241,000 per microliter, and HbA1c was
7.3%. Thirty-five of the DN patients (9.0%) used clopidogrel,
and 223 (57.3%) used insulin (Table 1). Before PSM, most of
those variables differed between the DN and non-DN subjects (Table 1).
Linear regression analysis of the quality of life of diabetic
nephropathy subjects
To understand which factors influenced the QoL of subjects
with DN, linear regression analyses were conducted using the
KDCS, PCS, and MCS scores and other factors. The univariate analysis of the KDCS scores found lower scores in women
and higher scores in those with greater weight or height, although there was no association with BMI. Regarding socioeconomic factors, scores were higher in those with more than
three family members and lower in those who were unemployed; unmarried, divorced, or widowed; without Medical
Aid, and in the lower economic status group. Lower KDCS
scores were also associated with higher levels of Cr, Cys C,
platelets, BUN, phosphate, alkaline phosphatase, fasting
glucose, HbA1c, and hepcidin; lower levels of hemoglobin,
calcium, total bilirubin, vitamin D3, iron, and TIBC; and use
of clopidogrel or insulin. In the multivariate model, KDCS
scores were lower in subjects who had shorter height (B [95%
confidence interval], 0.34 [0.09–0.60]), were unemployed
(–6.02 [–8.70 to –3.34]), had Medical Aid (–10.29 [–16.51 to
–4.06]), and had higher levels of alkaline phosphatase (–0.02
[–0.04 to –0.004]). The scores were also lower among subjects
who used clopidogrel (no use, 4.86 [0.47–9.25]) (Supplementary Table 1, available online; Fig. 2A).
In the univariate analysis of PCS scores, lower scores were
found in women, and higher scores were found in those with
greater height. Regarding socioeconomic factors, low QoL
was found among the unemployed, unmarried, those without Medical Aid, and those with a lower economic status. No
association was observed for coronary artery calcium score,
but the score was lower for participants with an RWT > 0.42.
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Table 1. Baseline characteristics of diabetic nephropathy and non-diabetic nephropathy subjects before propensity score matching
Characteristic
No. of patients
Sex
Male
Female
Age (yr)
Weight (kg)
Height (cm)
Body mass index (kg/m2)
SBP (mmHg)
DBP (mmHg)
Smoking
Never
Current
Former
No. of family member
≤1
2–3
>3
Work status
Employed
Unemployed
Marital status
Married
Unmarried
Divorced or widowed
Insurance
Medical insurance
Medical care (including refunds)
Economic status (USD)
Higher (>4,000/family/mo)
Middle (1,330–4,000/family/mo)
Lower (<1,330/family/mo)
Coronary artery calcium score
≤400
>400
RWT
≤0.42
>0.42
Creatinine (mg/dL)
Cystatin C (mg/dL)
Hemoglobin (g/dL)
Platelet (×103/mL)
Albumin (g/dL)
Uric acid (mg/dL)
Calcium (mg/dL)
Blood urea nitrogen (mg/dL)
Phosphorus (mg/dL)
Alkaline phosphatase (IU/L)
Total bilirubin (mg/dL)
Fasting glucose (mg/dL)
25 Vitamin D3 (ng/mL)

Total
1,766

DN
390

Non-DN
1,376

p-value
<0.001

1,097 (62.1)
669 (37.9)
52.7 ± 12.3
67.0 ± 12.1
165.0 ± 8.4
24.5 ± 3.4
128.5 ± 16.4
77.3 ± 11.0

276 (70.8)
114 (29.2)
58.7 ± 9.6
69.1 ± 11.9
164.9 ± 8.3
25.4 ± 3.4
135.2 ± 18.4
76.6 ± 11.3

821 (59.7)
555 (40.3)
51.0 ± 12.5
66.4 ± 12.1
165.0 ± 8.5
24.3 ± 3.4
126.7 ± 15.2
77.5 ± 10.9

910 (51.6)
290 (16.4)
564 (32.0)

164 (42.3)
66 (17.0)
158 (40.7)

746 (54.2)
224 (16.3)
406 (29.5)

136 (7.7)
842 (47.7)
788 (44.6)

31 (8.0)
217 (55.6)
142 (36.4)

105 (7.6)
625 (45.4)
646 (47.0)

1,034 (58.6)
731 (41.4)

181 (46.5)
208 (53.5)

853 (62.0)
523 (38.0)

1,462 (82.8)
197 (11.2)
106 (6.0)

320 (82.3)
30 (7.7)
39 (10.0)

1,142 (83.0)
167 (12.1)
67 (4.9)

1,695 (96.0)
71 (4.0)

370 (94.9)
20 (5.1)

1,325 (96.3)
51 (3.7)

418 (24.4)
913 (53.3)
383 (22.4)

64 (17.1)
193 (51.6)
117 (31.3)

354 (26.4)
720 (53.7)
266 (19.9)

1,518 (86.0)
248 (14.0)

247 (63.3)
143 (36.7)

1,271 (92.4)
105 (7.6)

1,276 (73.3)
464 (26.7)
1.81 ± 1.15
1.69 ± 0.88
12.87 ± 2.02
231.95 ± 62.02
4.18 ± 0.43
7.02 ± 1.90
9.13 ± 0.54
27.91 ± 15.49
3.68 ± 0.67
87.19 ± 64.7
0.67 ± 0.31
109.5 ± 38.29
18.15 ± 9.95

233 (61.2)
148 (38.8)
2.40 ± 1.37
2.18 ± 0.91
11.68 ± 1.85
240.53 ± 64.65
3.97 ± 0.52
7.43 ± 1.87
8.92 ± 0.67
36.96 ± 17.49
3.96 ± 0.77
97.09 ± 73.89
0.51 ± 0.22
134.49 ± 59.19
15.30 ± 11.27

1,043 (76.8)
316 (23.3)
1.65 ± 1.01
1.57 ± 0.82
13.21 ± 1.93
229.5 ± 61.06
4.24 ± 0.38
6.91 ± 1.89
9.18 ± 0.48
25.36 ± 13.86
3.60 ± 0.61
84.41 ± 61.61
0.72 ± 0.31
102.47 ± 25.89
18.88 ± 9.45

<0.001
<0.001
0.89
<0.001
<0.001
0.08
<0.001

0.001

<0.001

<0.001

0.21

<0.001

<0.001

<0.001

<0.001
<0.001
<0.001
0.003
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
(Continued to the next page)
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Table 1. Continued
Characteristic
Iron (μg/dL)
TIBC (μg/dL)
Hepcidin (ng/mL)
Adiponectin (μg/mL)
Klotho (pg/mL)
Urine protein/creatinine (g/g)
Clopidogrel
Yes
No
Insulin
Yes
No

Total
92.66 ± 35.59
297.30 ± 53.01
18.39 ± 18.41
11.79 ± 9.91
547.06 ± 326.17
1.35 ± 1.9

DN
81.30 ± 28.38
280.25 ± 51.04
24.12 ± 21.12
13.22 ± 11.4
530.16 ± 213.29
2.84 ± 2.86

76 (4.3)
1,689 (95.7)

35 (9.0)
354 (91.0)

223 (12.6)
1,543 (87.4)

223 (57.3)
166 (42.7)

Non-DN
95.89 ± 36.76
302.14 ± 52.58
16.76 ± 17.23
11.39 ± 9.41
551.85 ± 351.55
0.95 ± 1.3

p-value
<0.001
<0.001
<0.001
0.02
0.41
<0.001
<0.001

41 (3.0)
1,335 (97.0)
<0.001
0 (0)
0 (0)

Data are expressed as number only, number (%), or mean ± standard deviation.
DBP, diastolic blood pressure; DN, diabetic nephropathy; RWT, relative wall thickness; SBP, systolic blood pressure; TIBC, total iron binding capacity; USD, U.S.
dollar.

Lower scores were associated with higher levels of Cr, Cys C,
platelets, BUN, phosphate, HbA1c, adiponectin, and urinary
protein/Cr ratio and with lower levels of hemoglobin, albumin, calcium, total bilirubin, and iron. Lower scores were
also found among participants using clopidogrel or insulin.
In the multivariate model, PCS was lower among participants in the lower economic status group (–5.87 [–12.43 to
0.68]) and in those with high platelet counts (–0.05 [–0.08 to
–0.01]) and alkaline phosphatase (–0.03 [–0.07 to –0.002])
levels. Low PCS was also associated with clopidogrel use (no
use, 9.383 [2.127–16.639]) (Supplementary Table 2, available
online; Fig. 2B).
In the univariate analysis of MCS scores, lower scores were
found among women and those with a higher BMI, and
higher scores were associated with greater height. Regarding
socioeconomic factors, scores were higher among former
smokers, and QoL was lower among patients in the middle
and lower economic status groups than among those who
were unemployed, did not have Medical Aid, or were in
the higher economic status group. The coronary artery calcium score did not show a significant association, but low
scores were associated with an RWT > 0.42. Lower scores
were found in patients with higher levels of Cr, platelets,
phosphate, alkaline phosphatase, fasting glucose, HbA1c,
adiponectin, and urinary protein/Cr ratio and in patients
with lower levels of hemoglobin, total bilirubin, iron, and
TIBC. Scores were also lower among participants who used
clopidogrel or insulin. In the multivariate model, lower MCS
scores were found among participants with lower economic
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status (–7.58 [–14.34 to –0.82]) and those with a high platelet
count (–0.05 [–0.08 to –0.01]) (Supplementary Table 3, available online; Fig. 2C).
In summary, QoL among patients with DN was higher in
taller participants and lower in subjects who were unemployed, unmarried, without Medical Aid, or in the lower economic status group, as shown consistently in the KDCS, PCS,
and MCS scores. Interestingly, lower QoL was also found in
patients with higher alkaline phosphatase levels and platelet
counts. As expected, QoL was low among participants using
clopidogrel or insulin.
Baseline characteristics of subjects in the diabetic nephropathy
and non-diabetic nephropathy groups after propensity score
matching
PSM was conducted to minimize the differences between
the DN and non-DN groups. The variables used for PSM
were selected from the factors found to influence DN in
the univariate analyses. Ultimately, 239 participants were
allocated to the DN and non-DN groups, respectively. Due
to the clinical characteristics of DN, fasting glucose and the
spot urine protein/Cr ratio were not included as PSM variables. Because the two groups were balanced through PSM,
none of the included variables differed significantly between
them at baseline (Table 2).
Approximately two-thirds (66%) of the patients were male,
with an average age of around 58 years. Their average height
was 164 cm, their average BMI was roughly 25 kg/m2, and
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Figure 2. Forest plot of linear regression for KDCS, PCS, and MCS scores in the DN group. (A) Linear regression analyses of KDCS, PCS, and
MCS scores and QoL-influencing factors were conducted. Lower KDCS scores were associated with short stature, unemployment, unmarried
status, non-Medical Aid status, higher alkaline phosphatase levels, and clopidogrel use. (B) Lower PCS scores were associated with lower
economic status, high platelet counts, high alkaline phosphatase levels, and clopidogrel use. (C) Lower MCS scores were associated with lower
economic status and high platelet counts.
BUN, blood urea nitrogen; DN, diabetic nephropathy; HbA1c, hemoglobin A1c; KDCS, kidney disease component summary; MCS, mental
component summary; PCS, physical component summary; QoL, quality of life; ref., reference; RWT, relative wall thickness; TIBC, total iron binding
capacity.
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their average systolic and diastolic blood pressure was 132
mmHg and 77 mmHg, respectively.
More than half (53.2%) of the participants had a history of
smoking, 63.0% had more than three family members, 47.9%
were employed, and 82.0% were married. Furthermore,
93.5% had medical insurance, and 6.5% were covered under
Medical Aid. The middle economic status ($1,330–$4,000/

family/month) included 49.0% of the participants. A coronary artery calcium score >400 was present in 22% of the
participants, and their mean Cr, hemoglobin, platelet count,
albumin, uric acid, and calcium levels were 2.3 mg/dL, 12.0
g/dL, 232,000/µL, 4.1 g/dL, 7.4 mg/dL, and 9.0 mg/dL, respectively. Around 5% used clopidogrel (Table 2).

Table 2. Baseline characteristics of diabetic nephropathy and non-diabetic nephropathy subjects after propensity score matching
Variable
No. of patients
Sex
Male
Female
Age (yr)
Weight (kg)
Height (cm)
Body mass index (kg/m2)
SBP (mmHg)
DBP (mmHg)
Smoking
Never
Current
Former
No. of family member
≤1
2–3
>3
Work status
Employed
Unemployed
Marital status
Married
Unmarried
Divorced or widowed
Insurance
Medical insurance
Medical care (including refunds)
Economic status (USD)
Higher (>4,000/family/mo)
Middle (1,330–4,000/family/mo)
Lower (<1,330/family/mo)
Coronary artery calcium score
≤400
>400
RWT
≤0.42
>0.42
Creatinine (mg/dL)
Cystatin C (mg/dL)
Hemoglobin (g/dL)

Total
478

DN
239

Non-DN
239

p-value
>0.99

316 (66.1)
162 (33.9)
58.0 ± 10.6
68.2 ± 11.8
164.2 ± 8.1
25.2 ± 3.4
132.4 ± 16.4
76.6 ± 11.2

158 (66.1)
81 (33.9)
58.5 ± 9.6
67.9 ± 11.5
164.5 ± 7.9
25.0 ± 3.4
132.8 ± 17.0
76.7 ± 10.7

158 (66.1)
81 (33.9)
57.6 ± 11.5
68.5 ± 12.1
163.8 ± 8.2
25.4 ± 3.5
132.0 ± 15.8
76.4 ± 11.7

224 (46.9)
73 (15.3)
181 (37.9)

113 (47.3)
38 (15.9)
88 (36.8)

111 (46.4)
35 (14.6)
93 (38.9)

36 (7.5)
141 (29.5)
301 (63.0)

18 (7.5)
72 (30.1)
149 (62.3)

18 (7.5)
69 (28.9)
152 (63.6)

229 (47.9)
249 (52.1)

118 (49.4)
121 (50.6)

111 (46.4)
128 (53.6)

392 (82.0)
36 (7.5)
50 (10.5)

196 (82.0)
17 (7.1)
26 (10.9)

196 (82.0)
19 (7.9)
24 (10.0)

447 (93.5)
31 (6.5)

224 (93.7)
15 (6.3)

223 (93.3)
16 (6.7)

97 (20.3)
234 (49.0)
147 (30.8)

47 (19.7)
125 (52.3)
67 (28.0)

50 (20.9)
109 (45.6)
80 (33.5)

373 (78.0)
105 (22.0)

184 (77.0)
55 (23.0)

189 (79.1)
50 (20.9)

323 (67.6)
155 (32.4)
2.3 ± 1.3
2.2 ± 1.0
12.0 ± 1.9

151 (63.2)
88 (36.8)
2.3 ± 1.4
2.2 ± 1.0
12.0 ± 1.8

172 (72.0)
67 (28.0)
2.3 ± 1.2
2.2 ± 0.9
12.0 ± 2.0

0.36
0.64
0.35
0.24
0.58
0.79
0.87

0.95

0.53

0.91

>0.99

0.31

0.66

0.05

0.78
0.93
0.95
(Continued to the next page)
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Table 2. Continued
Variable
Platelet (×103/mL)
Albumin (g/dL)
Uric acid (mg/dL)
Calcium (mg/dL)
Blood urea nitrogen (mg/dL)
Phosphorus (mg/dL)
Alkaline phosphatase (IU/L)
Total bilirubin (mg/dL)
Fasting glucose (mg/dL)
25 Vitamin D3 (ng/mL)
Iron (μg/dL)
TIBC (μg/dL)
Hepcidin (ng/mL)
Adiponectin, (μg/mL)
Klotho (pg/mL)
Urine protein/creatinine (g/g)
Clopidogrel
Yes
No

Total
231.5 ± 65.3
4.1 ± 0.5
7.4 ± 1.8
9.0 ± 0.6
35.3 ± 17.1
3.9 ± 0.7
98.1 ± 70.7
0.6 ± 0.3
123.2 ± 52.9
17.0 ± 7.3
86.7 ± 32.1
287.3 ± 53.8
22.7 ± 21.2
12.8 ± 10.8
520.3 ± 234.8
1.9 ± 2.5

DN
231.9 ± 64.5
4.1 ± 0.5
7.3 ± 1.8
9.0 ± 0.7
35.3 ± 17.0
3.9 ± 0.7
101.7 ± 74.4
0.6 ± 0.3
130.3 ± 55.8
16.8 ± 7.4
84.9 ± 30.9
283.0 ± 49.2
23.3 ± 20.8
12.3 ± 11.0
515.1 ± 208.5
2.3 ± 2.7

Non-DN
230.1 ± 65.4
4.1 ± 0.4
7.5 ± 1.8
9.0 ± 0.6
35.2 ± 17.2
3.9 ± 0.7
94.4 ± 66.7
0.6 ± 0.3
116.0 ± 48.8
17.3 ± 7.2
88.6 ± 33.3
291.7 ± 57.8
22.2 ± 21.6
13.2 ± 10.6
525.5 ± 258.8
1.5 ± 2.2

26 (5.4)
452 (94.6)

16 (6.7)
223 (93.3)

10 (4.2)
229 (95.8)

p-value
0.14
0.55
0.19
0.96
0.92
0.49
0.26
0.05
0.003*
0.41
0.22
0.08
0.59
0.38
0.63
>0.99*
0.31

Data are expressed as number only, number (%), or mean ± standard deviation.
DBP, diastolic blood pressure; DN, diabetic nephropathy; RWT, relative wall thickness; SBP, systolic blood pressure; TIBC, total iron binding capacity; USD, U.S.
dollar.
*p < 0.05.

Baseline quality of life scores in the two groups
For the entire matched sample of 478 subjects, each domain
of the KDQOL-SF scores was analyzed and visualized in a radar chart. For the domains of symptoms/problem list, physician encouragement, effects of kidney disease, cognitive
function, physical function, and social function, the average
scores were greater than 80. However, the average scores for
work status, sexual function, patient satisfaction, and burden
of kidney disease were less than 65. When the two groups
were compared, the patient satisfaction score (DN vs. nonDN: 59.9 vs. 64.5, p = 0.022) was significantly lower in the DN
group than in the non-DN group. Additionally, the sexual
function (31.8 vs. 37.0) and work status scores (50.7 vs. 55.0)
tended to be lower in the DN group, but those differences
were not statistically significant.
When the SF-36 domains were analyzed, the scores for
physical function, pain, and social function were greater
than 80, but the scores for general health, emotional well-being, and energy/function were lower than 65. The general
health score (35.3 vs. 39.1, p = 0.04) in the DN group was significantly lower than that in the non-DN group. Additionally,
the energy/fatigue score (46.2 vs. 49.6) tended to be lower in

the DN group than in the non-DN group, but that difference
was not statistically significant. Regardless of statistical significance, the absolute scores in most domains was lower in
the DN group than in the non-DN group. The DN group also
tended to have lower KDCS, PCS, and MCS scores, although
that tendency was not statistically significant between the
two groups (Supplementary Table 4, available online; Fig. 3).
Comparison of 5-year follow-up quality of life scores
between the two groups
In the total sample of 478 matched subjects, the QoL scores
of 221 participants (DN = 100, non-DN = 121) who completed an additional 5-year follow-up QoL questionnaire were
analyzed. The scores for work status and sexual function
were lower in the DN group than in the non-DN group, but
that difference was not statistically significant. In the SF36, the DN group had lower role-physical domain scores,
but that was not statistically significant either. The absolute
composite scores in each group tended to be lower in the
DN group, but the difference was not statistically significant
(Supplementary Table 4, Fig. 4).
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Figure 3. Spider chart of baseline quality of life. (A) Differences of each component of kidney disease component summary (KDCS)
according to the two groups. (B) Differences of each component of mental component summary (MCS) and physical component
summary (PCS) according to the two groups. (C) Summarizing KDCS, MCS, and PCS according to the two groups. Compared with the
non-diabetic nephropathy (DN) group, the DN group had a significantly lower patient satisfaction score (p = 0.02), non-significantly
lower scores for sexual function and work status, a significantly lower general health score (p = 0.04), and a non-significantly lower
energy/fatigue score. The lower absolute scores in the DN group are shown by the containment of the solid line (DN) inside the graph.
The DN group also had non-significantly lower KDCS, PCS, and MCS scores.
a
Significant between-group difference.

Comparison of changes in the quality of life scores from
baseline to follow-up between the two groups
We also analyzed changes in QoL from baseline to follow-up
for the 221 participants (DN = 100, non-DN = 121) who completed the additional 5-year follow-up QoL questionnaire.
We compared the 5-year follow-up QoL changes using the
baseline values of each group. In both groups, the mean
KDCS and PCS scores decreased after 5 years, but the MCS
scores did not change (DN: KDCS, p = 0.001; PCS, p = 0.003;
MCS, p = 0.05; non-DN: KDCS, p = 0.007; PCS, p = 0.01; MCS,
p = 0.33) (Supplementary Fig. 2, available online).
In both groups, several domain scores decreased over
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time, and the social support, patient satisfaction, and physician encouragement scores increased. This finding can be
interpreted as showing that social and emotional support
from physicians increased over time through long-term
patient-physician engagement. Moreover, in both groups,
the scores for the energy/fatigue and general health SF-36
domains remained stable. When we compared the score
changes from baseline to 5-year follow-up between the two
groups, the decline in the work status, sexual function, sleep,
and social support domains in the KDQOL-SF was steeper
in the DN group than in the non-DN group. However, the
difference was not statistically significant.
In the SF-36, the decrease in the role-physical, social func-
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Figure 4. Spider chart of follow-up data. (A) Differences of each component of kidney disease component summary (KDCS) according
to the two groups. (B) Differences of each component of mental component summary (MCS) and physical component summary (PCS)
according to the two groups. (C) Summarizing KDCS, MCS, and PCS according to the two groups. The diabetic nephropathy (DN) group
had non-significantly lower work status, sexual function, role-physical domain, and composite scores.
a
Significant between-group difference.

tion, and role-emotional domains was greater among DN
patients than among non-DN patients, but the difference
was not statistically significant. In the composite scores,
each group saw a decline in QoL during the 5-year follow-up
period, and the difference between the two groups was not
statistically significant (Supplementary Table 4, Fig. 5).

Discussion
We began this study by wondering whether DN impairs QoL
more than other types of CKD because a preliminary analysis showed that patients with DN had a significantly lower
baseline HRQoL than other patients in the KNOW-CKD cohort. The KNOW-CKD cohort includes patients with various
types of CKD [6], but it was difficult to match group characteristics because the DN group had more advanced-stage

and elderly patients than the general cohort. Therefore,
we analyzed QoL among DN patients after controlling for
physical and social factors that influenced QoL. When we
compared the DN and non-DN groups selected through
PSM, we confirmed that the DN group had inferior QoL in
certain domains. In the baseline QoL, for which the sample
size was sufficient, the DN group had lower scores than the
non-DN group in the effects of kidney disease, cognitive
function, and general health. In the 5-year follow-up data,
the DN group had lower scores for sexual function than the
non-DN group. In both groups, QoL decreased during the
5-year follow-up. In a few domains, the QoL score was lower
among non-DN participants, but those differences were not
statistically significant.
The prevalence of diabetes is increasing globally, and
it causes 40% of CKD and 45% of ESRD. Moreover, ESRD

www.krcp-ksn.org

53

Kidney Res Clin Pract 2022;41(1):43-57

A

Social supprot

Work status

Quality of
social interaction

DN
Non-DN

Physical function
Energy/fatigue

Role-physical

Sexual function

Burden of
kidney disease

Physician
encouragement

Social function

Effects of
kidney disease

Patient satisfaction
Sleep

C

B

Symptoms/problem lists

Pain

Role-emotional

Cognitive function

General health
Emotional well-being
■ DN
■ Non-DN

30
25

Score

20
15
10
5
0

2.8

2.9

KDCS

5.4

4.4
PCS

4.1

3.1

MCS

Figure 5. Spider chart of QoL changes. (A) Differences of each component of kidney disease component summary (KDCS) according
to the two groups. (B) Differences of each component of mental component summary (MCS) and physical component summary (PCS)
according to the two groups. (C) Summarizing KDCS, MCS, and PCS according to the two groups. Changes in QoL were analyzed in
221 participants who completed the 5-year follow-up QoL questionnaire. Relative to the gray circle marked 0, a positive value (outside)
denotes decreased QoL, and a negative value (inside) indicates improved QoL. In both groups, several domain scores decreased over
time, although the social support, patient satisfaction, and physician encouragement scores increased. The diabetic nephropathy (DN)
patients had non-significantly greater decreases in the role-physical, social function, and role-emotional domains than non-DN patients.
The composite scores decreased in both groups, with no statistically significant between-group difference.
QoL, quality of life.

caused by diabetes is 70% to 80% more costly than ESRD
caused by other conditions. Therefore, the incidence of
ESRD and its associated socioeconomic costs can be reduced by diagnosing and delaying the progression of DN.
The typical clinical progression of kidney disease in diabetes
is microalbuminuria 3 years after diagnosis, overt albuminuria 15 years later, renal function decline another 5 years
after that, and ESRD 5 years after renal function decline
begins. DN can follow an atypical progression, but for the
most part, preventing renal function from deteriorating to
DN requires adequate control of diabetes, blood pressure,
diet, and exercise before overt proteinuria occurs. Therefore,
patients face considerable psychological and physical stress
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beginning with their diabetes diagnosis.
Patients are forced to follow a restricted diet, have to live
with the burden of complying with medication instructions,
and often experience the risk of hypoglycemia and hyperglycemia in their daily lives. As such, they experience difficulties that are unlike those experienced by patients with other
types of CKD. Moreover, advanced DN is often caused by not
adhering to those necessary guidelines and a long duration
of diabetes, both of which can reduce QoL. In this study,
QoL was generally lower in the DN group than in the nonDN group, and in some domains, that inferiority was statistically significant. Therefore, because of the prevalence and
severity of disease, as well as patients’ QoL, particular care

Kim, et al. QoL in patients with diabetic nephropathy

should be taken to manage DN aggressively, and medical
providers should be vigilant about the disease.
To summarize, in this study, DN patients had lower QoL
scores than non-DN patients in the domains of the effects of
kidney disease, cognitive function, and general health. The
domain of the effects of kidney disease includes dietary restrictions due to kidney disease, the effects of kidney disease
on working around the house or traveling, dependence on
medical staff, stress and worries, and discomfort regarding
one’s sex life or personal appearance. Therefore, medical
providers should establish realistic guidelines by providing
detailed information about dietary restrictions. Moreover,
social considerations are also needed to prevent diabetes
from becoming a barrier to working around the house or
traveling.
Providers should also help patients overcome the stress
caused by the disease and establish an appropriate self-image. Proactive interventions to protect patients’ sex lives also
seem necessary. Regarding cognitive function, a rehabilitation program in collaboration with neurologists to prevent
the loss of cognitive functions is needed. Lastly, in terms of
general health, DN patients should be taught to have a positive perspective on their own health that allows them to cope
with diabetes through proactive management, even though
curing the condition is not a reasonable goal.
Chin et al. [9] found that in a cohort of Koreans older than
65 years, the glomerular filtration rate (using a cutoff of 45
mL/min/1.73 m2) influenced HRQoL. Moreover, they found
that PCS scores were lower than MCS scores and that lower hemoglobin levels affected MCS (PCS, 54.5; MCS, 51.7).
In another cohort, lower QoL was found to affect all-cause
mortality [10]. Choi et al. [11] used the EQ-5D questionnaire
in the Korea National Health and Nutrition Examination
Survey and reported that low sodium excretion correlated
with low QoL. Anemia, the number of teeth, sleeping time,
vitamin D levels, socioeconomic status, arthritis, and depression were also found to correlate with QoL [12–16]. Kim
et al. [17] found that QoL among elderly Korean peritoneal
dialysis patients was better than that among elderly hemodialysis patients in some domains. The KNOW-CKD cohort
study also found that lower vitamin D levels were associated
with lower QoL scores [18] and that low PCS scores correlated with CKD progression [19].
Interestingly, in our study, higher platelet counts and alkaline phosphatase levels were associated with lower QoL.

According to Molnar et al. [20], a high platelet count is associated with renal cachexia and cardiovascular mortality. Our
results can be interpreted similarly: hepcidin, a biomarker
of inflammation, was significant in the univariate analysis,
suggesting a connection between malnutrition-inflammation cachexia syndrome and low QoL. Alkaline phosphatase
levels tend to increase as CKD progresses and are closely related to CKD mineral bone disease (MBD). A previous study
reported that high alkaline phosphatase levels among ESRD
patients were associated with hospitalization and death [21].
Therefore, it is possible that renal cachexia, inflammation,
and CKD MBD, which are all reflected in the platelet count
and alkaline phosphatase level, affected QoL.
A limitation of this study is that it was not possible to statistically control for all physical and social factors. However, we
used all available resources to control for factors that affect
QoL, though that required excluding many participants from
the study. As described in the Methods section, PSM selected only around 500 patients from the original pool of more
than 1,800. The fact that more patients were not included in
the analysis is a limitation. Moreover, the KDQOL-SF questionnaire was first developed for dialysis patients, so another
limitation is that we could not use a questionnaire specifically designed for predialysis patients. However, the KDQOL-SF
has been used in many other studies. This questionnaire was
also completed through self-reporting by patients in the cohort, so the possibility of selection bias cannot be ruled out.
In our first analysis, we found significant QoL variables in
DN. In the univariate analysis, cardiovascular disease was
not a significant variable in QoL, and in the age-adjusted
Charlson comorbidity index (CCI), a score of 8 points or
higher was a significant factor in the PCS and KDCS scores.
However, in the multivariate analysis, CCI lost its significance, and clopidogrel remained a significant variable. We
suggest that that is why clopidogrel use itself is a stronger
QoL variable than cardiovascular disease history or age-adjusted CCI.
In conclusion, we analyzed the factors that affect the QoL
of DN patients using prospective cohort data and conducted
additional comparative analyses of diabetes and QoL using
PSM. A balance between the DN and non-DN groups was
achieved through PSM. In the following analyses of QoL, few
variables differed statistically between the two groups due
to the issue of sample size, but most absolute scores were
lower in the DN group. Some issues remain to be resolved
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before it can be conclusively stated that DN and non-DN patients do not differ significantly in QoL. Because the absolute
QoL scores were lower among DN patients, we suggest that
clinicians should be especially careful regarding QoL in this
subgroup of patients.
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Clinical outcomes in pediatric patients with normal
renal histopathology
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Background: There have been some cases where abnormal histopathologic findings could not be found in the kidney could even with
proper specimen collection through percutaneous renal biopsy (PRB) in accordance with its indication. We analyzed the incidence
and clinical outcomes of children who showed normal histopathological findings in their PRBs.
Methods: The medical records of 552 pediatric subjects who underwent PRB between 2005 and 2016 were reviewed. Twenty-six
subjects were excluded because allograft biopsy was performed in nine subjects, and the age at biopsy was greater than 18 years in
17 subjects. Finally, 526 subjects were enrolled in this study.
Results: Of the 526 pediatric patients, 32 (6.1%) showed no histopathological abnormalities in their PRBs. The male-to-female ratio of
the patients was 1.9:1, and the mean ages at the first visit and at biopsy were 10.6 ± 4.1 and 11.4 ± 3.8 years, respectively. In accordance with the biopsy indications, recurrent gross hematuria showed the highest incidence rate, but combined hematuria and proteinuria had the lowest incidence rate regarding normal renal histopathology among all the subjects. At a mean follow-up of 35.5 ± 23.6
months, urinary abnormalities had improved in more than 50% of the subjects with normal renal histopathology, and none of the patients showed progression to end-stage renal disease or required rebiopsy due to symptom worsening during the follow-up period.
Conclusion: The clinical outcomes of children with normal PRB histopathologic findings are generally good. Further studies to evaluate their long-term outcomes are needed.
Keywords: Biopsy, Child, Hematuria, Proteinuria

Introduction
Percutaneous renal biopsy (PRB) is an important and
valuable procedure for the diagnosis of renal diseases. It
provides valuable information to determine a treatment
plan and predict prognosis. PRB using an aspiration biopsy

needle was first introduced in 1951 by Iversen and Brun
[1]. Kark and Muehrcke [2] introduced a technique using
a Vim-Silverman needle in the prone position, greatly
improving the success rate of renal biopsy. At present, ultrasonography-guided methods and automated guns have
been widely used [3–7]. With the development of imaging
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techniques and tools, PRB has improved the accuracy of
sampling to higher than 95% and secured its safety, making
it easily used in children [8].
The general indications for renal biopsy include recurrent gross hematuria (RGH) of unknown origin, combined
hematuria and proteinuria (CHP), and isolated proteinuria
(IP). In addition, steroid-resistant nephrotic syndrome,
acute kidney injury of unknown origin, unexplained chronic renal insufficiency, systemic disease with renal involvement, and renal transplant dysfunction are also common
indications [9]. Although PRB is not usually indicated in
children with isolated persistent microscopic hematuria
(PMH), it warrants PRB if there is a family history of significant renal disease or the parents are anxious about the diagnosis and prognosis. However, some cases of renal disease
are undetected despite proper specimen collection by PRB
in accordance with its indication. Our study was conducted to help understand clinical outcomes by analyzing the
clinical course of pediatric patients with normal PRB histopathological findings.

Methods
Patients and design
The medical records of 552 subjects who underwent PRB
between 2005 and 2016 at the Department of Pediatrics,
Kyungpook National University Hospital were reviewed,
and 26 subjects were excluded due to previous allograft
biopsy (n = 9) or age at biopsy greater than 18 years (n =
17). The patient’s age, sex, clinical symptoms, and laboratory findings at the first and last visits after PRB were retrospectively analyzed (Fig. 1). Proteinuria was defined by
spot urine protein-to- creatinine ratio (UPCR) ≥ 0.2 in the
IP patient group. Microscopic hematuria was defined as at
least five red blood cells per high-power microscopic field
in urinary sediment without gross hematuria. Although
there is no agreement on the criteria to classify hematuria
as glomerular or nonglomerular, we concluded that the
hematuria was more likely to be of glomerular origin if the
proportion of dysmorphic red blood cells was higher than
30%. The estimated glomerular filtration rate (eGFR) was
calculated using the updated Schwartz formula [10]. For
safety, laboratory tests, including hemoglobin and platelet
counts, prothrombin time, and partial thromboplastin time,
were performed prior to PRB. In addition, blood urea nitro-

gen; serum creatinine, protein, and albumin levels; electrolyte count; urine dipstick reagent test results; and UPCR
were used as baseline parameters in cases of complications.
Kidney ultrasonography was used to evaluate the following
structural contraindications for PRB: multiple renal cysts,
solitary kidney, acute pyelonephritis, perinephric abscess,
and renal neoplasm. Medical problems such as uncontrolled bleeding diathesis, uncontrolled blood pressure, and
severe obesity were also regarded as medical contraindications for PRB. Before PRB, the first morning urine sample
was examined in all children who presented with IP to rule
out orthostatic proteinuria. Serum calcium levels and spot
urine calcium-to-creatinine ratios were measured in all
children with hematuria to rule out idiopathic hypercalciuria. If patients showed exercise-related RGH, renal vein
Doppler ultrasonography was performed to rule out nut-

Total PRB cases from 2005 to 2016
at the department of pediatrics (n = 552)

Exclusion
- Allograft kidney (n = 9)
- Age at the biopsy > 19 years old (n = 17)

Enrolled PRB cases (n = 526)
- RGH (n = 39)
- PMH (n = 149)
- CHP (n = 216)
- IP (n = 100)
- Renal insufficiency, unknown etiology (n = 22)

Histopathologically diagnosed (n = 494)

No histopathologic abnormality (n = 32)

Lost to follow up (n = 4)

Follow up (n = 28)

Figure 1. Flowchart of the study.
CHP, combined hematuria and proteinuria; eGFR, estimated glomerular filtration rate; IP, isolated proteinuria; PMH, isolated persistent microscopic hematuria; PRB, percutaneous renal biopsy;
RGH, recurrent gross hematuria.
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cracker syndrome.
This study was conducted in accordance with the principles of the Declaration of Helsinki, and the requirement
of informed consent was waived due to the retrospective
nature of this study. This study was reviewed and approved
by the Institutional Review Board of Kyungpook National
University Hospital (No. 2021-04-003).
Biopsy procedure
PRB was performed by a pediatric nephrologist using a
portable ultrasonography unit for localization. The patient
was placed in a prone position and received local anesthesia or sedation. The biopsy was performed using a 16-gage
(G) automated biopsy needle (16 G×150 mm, Acecut; TSK
Laboratory, Tochigi, Japan) and repeated until specimen
adequacy was confirmed by the pathologist. In native renal
biopsies, the adequate yield of glomeruli is considered to
be 10 to 20 when 14- and 16-G needles are used [5,11]. The
sufficient specimens were divided for light microscopy (LM),
immunofluorescence (IF), and electron microscopy (EM).
For LM, the biopsy tissue was cut into 1- to 2-µm-thick sections, fixed with 10% buffered formalin and embedded in
paraffin. They were stained with hematoxylin-eosin, periodic acid-Schiff, Masson’s trichrome, and periodic acid-methenamine silver. The tissue was frozen for IF, and antibodies
against immunoglobulin (Ig) G, IgA, IgM, complement C3,
C1q, albumin, kappa light chains, and lambda light chains
were used. With respect to EM, after prefixation with 2.5%
glutaraldehyde, 0.1-M phosphate buffer was used. After
fixation in 1% osmium tetroxide, the tissue was cut into 40to 60-nm thick sections to measure the thickness of the
glomerular basement membrane (GBM). Diagnostic criteria for thin basement membrane nephropathy (TBMN) according to age was based on the normal GBM thickness in
a report of Japanese children (under 3 years old, <200 nm;
3–10 years old, <240 nm; above 10 years old, <300 nm) [12].
Statistics
Descriptive statistics were used to describe the data. Continuous variables were presented as mean ± standard deviation.

60

www.krcp-ksn.org

Results
All histopathological diagnoses in 526 patients are presented in Table 1. The most common indication of PRB in these
children was CHP (n = 216, 41.1%), followed by PMH (n =
149, 28.3%), IP (n = 100, 19.0%), and RGH (n = 39, 7.4%). The
most frequent histopathological diagnosis was TBMN (n =
136, 25.9%), followed by IgA nephropathy (n = 92, 17.5%),
Henoch-Schönlein purpura nephritis (n = 73, 13.9%), and
minimal change disease (MCD; n = 56, 10.6%).
Thirty-two out of 526 patients showed normal renal histopathological findings, accounting for 6.1% of the entire subject pool. Of these patients, 21 were male, and 11 were female
(male-to-female ratio, 1.9:1). The mean ages at the first visit
and at biopsy were 10.6 ± 4.1 and 11.4 ± 3.8 years, respectively
(Table 2). The incidence rates of normal renal histopathology
according to the indications for biopsy were as follows: RGH
(9 of 39, 23.1%), PMH (10 of 149, 6.7%), IP (4 of 100, 4.0%),
CHP (6 of 216, 2.8%), others (3 of 22, 13.6%), and total (32
of 526, 6.1%). The others indications for PRB were found in
patients with renal insufficiency due to acute kidney injury
of unknown origin, unexplained chronic renal insufficiency,
or systemic disease with renal involvement. RGH showed the
highest incidence rate for normal PRB findings, whereas CHP
had the lowest incidence rate for normal renal histopathology among all the 526 subjects (Fig. 2).
In the 32 patients with normal renal histopathology, the
chief complaint at the first visit was RGH in nine patients
(28.1%), PMH in 10 (31.3%), CHP in 6 (18.8%), IP in 4 (12.5%),
and renal insufficiency, unknown etiology in 3 (9.4%), all of
which were suitable indications for renal biopsy. In all 10 patients with CHP and IP, the amount of proteinuria was not in
the nephrotic range. The mean eGFR at the first visit was 105.6
± 36.2 mL/min/1.73 m2. As a result of PRB, the mean glomeruli yield for the LM was 15.7 ± 12.2, and all specimens were
determined to be properly collected. No diagnostic abnormalities were found with LM, IF, and EM among all subjects with
normal renal histopathology (Table 2).
The mean follow-up period was 35.5 ± 23.6 months after
the first visit and 25.8 ± 20.5 months after the biopsy, excluding four subjects who were lost to follow-up, of whom
one had RGH, two had PMH, and one had CHP. According
to chief complaints of patients with normal PRB findings
at their first visit, analysis at the last visit after biopsy finally
confirmed the following symptoms and urine abnormalities.
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Table 1. Histopathological diagnoses in 526 patients who were performed by renal biopsy
Diagnose
IgAN
TBMN
MCD
MGN
MPGN
FSGS
PSGN
Alport disease
HSP nephritis
SLE nephritis
HUS
IgAN + TBMN
MCD+TBMN
HSP nephritis+TBMN
TINU syndrome
TIN
ESRD
Others
No histopathologic abnormality

RGH
(n = 39)
13
10
1
0
0
0
1
1
1
0
0
3
0
0
0
0
0
0
9

PMH
(n = 149)
16
103
0
1
1
0
0
1
8
2
0
5
0
1
0
0
0
1
10

CHP
(n = 216)
60
21
2
5
5
7
2
13
60
13
2
7
4
5
0
0
0
4
6

IP
(n = 100)
1
0
53
4
1
19
0
0
4
4
0
1
5
0
2
0
1
1
4

Others
(n = 22)
2
2
0
0
0
1
0
0
0
6
1
0
0
0
0
4
2
1
3

Total
(n = 526)
92 (17.5)
136 (25.9)
56 (10.6)
10 (1.9)
7 (1.3)
27 (5.1)
3 (0.6)
15 (2.9)
73 (13.9)
25 (4.8)
3 (0.6)
16 (3.0)
9 (1.7)
6 (1.1)
2 (0.4)
4 (0.8)
3 (0.6)
7 (1.3)
32 (6.1)

Data are expressed as number only or number (%).
CHP, combined hematuria and proteinuria; ESRD, end-stage kidney disease; FSGS, focal segmental glomerulosclerosis; HSP, Henoch-Schönlein purpura; HUS, hemolytic uremic syndrome; IgAN, immunoglobulin A nephropathy; IP, isolated proteinuria; MCD, minimal change disease; MGN, membranous
glomerulonephritis; MPGN, membranoproliferative glomerulonephritis; PMH, isolated persistent microscopic hematuria; PSGN, poststreptococcal glomerulonephritis; RGH, recurrent gross hematuria; SLE, systemic lupus erythematosus; TBMN, thin basement membrane nephropathy; TIN, tubulointerstitial
nephritis; TINU, tubulointerstitial nephritis and uveitis.

25%
20%
15%
10%
5%
0%

RGH

PMH

IP

CHP

Others

Total

Figure 2. Incidence rate of normal renal histopathology according to indications for biopsy. The dashed line represents
the total incidence rate of normal renal histopathology in the 526
subjects (32 of 526, 6.1%).
RGH, recurrent gross hematuria; PMH, isolated persistent microscopic hematuria; IP, Isolated proteinuria; CHP, combined hematuria and proteinuria.

Among the eight subjects who presented RGH at the first
visit, six (75.0%) had no gross or microscopic hematuria-related events during the follow-up period. Gross hematuria
and microscopic hematuria were each confirmed in one
subject (12.5% and 12.5%, respectively). Among the eight
subjects that presented PMH, four (50.0%) showed improvement. Among the five subjects who presented CHP, four
(80.0%) showed improvement in urine abnormalities, and
one (20.0%) was subsequently diagnosed with PMH. Among
the four subjects with IP at the time of their first visit, three
(75.0%) were later found to have persistent IP. The mean
UPCR of three subjects with persistent IP was 0.62 ± 0.30
at the first visit and 0.25 ± 0.17 after the biopsy. Among the
three subjects who presented with renal insufficiency, there
was no eGFR decline; their mean eGFR was 65.5 ± 10.6 mL/
min/1.73 m2 at the first visit and 69.2 ± 4.9 mL/min/1.73 m2
after the biopsy. One had persistent renal insufficiency, but
the other two showed improvement of symptoms (Table 3).
Of the 28 subjects with normal renal histopathological
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Table 2. Baseline characteristics of the patients with normal histopathological findings

Table 3. Follow up clinical outcomes according to the biopsy indications

Characteristic
Demographic
Patients with normal PRB findings
Sex, male/female
Age at initial visit (yr)
Age at renal biopsy (yr)
Indication for PRB
RGH
PMH
CHP
IP
Renal insufficiency, unknown etiology
Laboratory investigation
Hemoglobin (g/dL)
Platelet (×103/μL)
Serum albumin (g/dL)
Creatinine (mg/dL)
eGFR (mL/min/1.73 m2)
Histopathological finding
No. of glomeruli

Follow-up results by urine abnormality at the first visit

Data
32 (6.1)
21 (65.6)/11 (34.4)
10.6 ± 4.1
11.4 ± 3.8
9 (28.1)
10 (31.3)
6 (18.8)
4 (12.5)
3 (9.4)
13.5 ± 1.5
283.4 ± 64.8
4.6 ± 0.3
0.6 ± 0.2
105.6 ± 36.2
15.7 ± 12.2

Data are expressed as number (%) or mean ± standard deviation.
CHP, combined hematuria and proteinuria; eGFR, estimated glomerular
filtration rate; IP, isolated proteinuria; PMH, isolated persistent microscopic
hematuria; PRB, percutaneous renal biopsy; RGH, recurrent gross hematuria.

findings, none showed progression to end-stage renal
disease (ESRD) or required rebiopsy due to worsening of
symptoms including aggravation of proteinuria, increase
in frequency of gross hematuria and deterioration of renal
function during the follow-up period.

Discussion
PRB is a highly effective and relatively safe method for diagnosing renal disease and is widely used in children. As
the PRB technique has gradually developed, the accuracy
of sampling has increased, and the diagnostic rate has improved accordingly. The indications for PRB include RGH,
PMH, CHP, IP, steroid-resistant nephrotic syndrome, unexplained renal insufficiency, systemic disease with renal
involvement, and renal transplant dysfunction [9]. In fact,
nephrotic syndrome in children is not an absolute indication for renal biopsy because most of these patients show
MCD and good response to corticosteroid treatment, unlike
adults. Therefore, PRB is indicated only in children with ne-
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RGH
Gross hematuria
Microscopic hematuria
No hematuria
PMH
Isolated microscopic hematuria
No microscopic hematuria
CHP
Hematuria and proteinuria
Hematuria
No hematuria and proteinuria
IP
Proteinuria
No proteinuria
Renal insufficiency, unknown etiology
Persistent renal insufficiency
Improved renal insufficiency

Follow-up
patient
8
1 (12.5)
1 (12.5)
6 (75.0)
8
4 (50.0)
4 (50.0)
5
0 (0)
1 (20.0)
4 (80.0)
4
3 (75.0)
1 (25.0)
3
1 (33.3)
2 (66.7)

Data are expressed as number only or number (%). Follow-up duration,
35.5 ± 23.6 months.
CHP, combined hematuria and proteinuria; IP, isolated proteinuria; PMH, isolated persistent microscopic hematuria; RGH, recurrent gross hematuria.

phrotic syndrome who are steroid dependent or resistant.
Several studies have reported the use of PRB in children
with normal histopathological findings [13–16]. On the basis of questionnaire survey results from 11 pediatric renal
centers in the UK, Hussain et al. [13] reported that the most
common indication for a native kidney biopsy in children
was proteinuria, followed by nephrotic syndrome, acute
renal failure, and isolated hematuria. In addition, they reported that 32 of 346 native kidney biopsies (9.2%) were
classified as normal, with proteinuria, isolated hematuria,
acute glomerulonephritis, and drug toxicity justifying the
biopsies. Prada Rico et al. [14] reported that 22 of 241 native
kidney biopsies (9.1%) in children presented normal or
nonspecific histopathological findings. Scheckner et al. [15]
reported that 21 of 196 kidney biopsies (10.7%) were nondiagnostic and useless for patient management. However, no
previous study has reported the clinical manifestations and
outcomes of pediatric patients with normal renal histopathology evaluated by PRB.
In this study, 32 of the 526 children (6.1%) who underwent PRB presented with normal pathological findings, and

Kwak, et al. Normal histopathology in renal biopsy

the indications for biopsy in these patients were as follows:
RGH (9 of 32 patients, 28.1%), PMH with (6 of 32 patients,
18.8%) or without proteinuria (10 of 32 patients, 31.3%),
IP (4 of 32 patients, 12.5%), and unexplained renal insufficiency (3 of 32 patients, 9.4%). In contrast, all the children
with nephrotic syndrome and systemic disease with renal
involvement presented significant histopathological PRB
abnormalities. In this study, we explained the clinical manifestations and outcomes in children with normal renal PRB
histopathology.
In this study, the most common indication for PRB in the
children with normal kidney histopathology was isolated
hematuria, RGH and/or PMH without other symptoms,
such as proteinuria, edema, hypertension, or renal insufficiency (19 of 32 patients, 59.4%). In fact, many reports have
presented evidence to support that the prognosis of isolated
hematuria is good and that renal biopsy is not indicated for
children with isolated hematuria [17–20]. Hisano et al. [17]
reported that all 135 children with isolated microhematuria
did not develop hypertension or renal impairment after a
mean period of 7.4 years, and 35 children had normal urinary findings within 6 years of their initial visit. A Hungarian
multicenter study reported that 47.8% of 341 children with
isolated hematuria became symptom-free [18]. In children,
IgA nephropathy and idiopathic hypercalciuria are the most
common glomerular and nonglomerular causes of isolated
hematuria, respectively. Therefore, the spot urine calcium-to-creatinine ratio was checked in all patients before
PRB was performed.
In Korea, the number of children with microscopic hematuria has increased after annual school urine screening tests
have been performed since 1998. Since then, the prevalence
of TBMN has increased greatly and was reported to be the
most common pathological finding in pediatric patients
with asymptomatic hematuria [21]. Patients with TBMN
generally show normal findings in LM and IF, and EM findings typically demonstrate diffuse and uniform GBM thinning; the prognosis of TBMN is good [21–23]. Therefore, isolated hematuria tends to be excluded among the indications
for PRB in children. However, some clinicians offer different
opinions. Although hematuria has long been considered a
benign condition related to glomerular disease, Moreno et
al. [24] suggested that glomerular hematuria may lead to
persistent renal injury. In addition, Baek et al. [22] reported
that at least 5% of children initially demonstrating TBMN go

on to manifest the classical electron-microscopic findings
of Alport syndrome during childhood, and episodes of gross
hematuria with TBMN can be a significant clue for the progression of Alport syndrome. Finally, regular follow-up of renal function in children with isolated hematuria, if possible,
combined with genetic studies may be recommended [24].
In this study, 10 of the 32 patients (31.3%) with normal kidney histopathology had proteinuria with or without PMH as
the indication for PRB. Although many clinicians no longer
recommend isolated low-grade proteinuria (150–1,000 mg/
day) as an indication for renal biopsy, persistent asymptomatic proteinuria as a criterion for renal biopsy in children is
still controversial [25]. Zhai et al. [20] suggested that most
pediatric asymptomatic proteinuria patients with or without
microscopic hematuria had chronic progressive glomerulonephritis, such as IgA nephropathy, focal segmental glomerulosclerosis, and Alport syndrome. Trachtman et al. [26]
reported that 12 out of 17 children (70.6%) with IP presented
significant pathological findings, such as focal segmental
glomerulosclerosis and membranous nephropathy, and the
level of proteinuria did not predict the presence or absence
of important kidney disease. However, Hama et al. [25] suggested that the adequate renal biopsy criterion in children
with asymptomatic constant IP is UPCR ≥ 0.5. They reported
that the diagnostic rate of minor glomerular abnormalities
was 14 out of 15 children (93.3%) with low-grade proteinuria
(UPCR < 0.5) but 17 out of 29 children (58.6%) with higher-grade proteinuria (UPCR ≥ 0.5) [25].
In this study, the clinical outcomes of children with normal histopathological PRB findings were favorable. During
the follow-up period (means of 35.5 ± 23.6 months after
the first visit and 25.8 ± 20.5 months after biopsy), six out of
eight subjects (75.0%) with RGH, four out of eight subjects
(50.0%) with PMH, four out of five subjects (80.0%) with
CHP, and one out of four subjects (25.0%) with IP showed
improvement in urinary abnormalities. In addition, among
the three subjects who presented with renal insufficiency
without abnormal urine, one developed persistent renal
insufficiency, but the other two showed improvement of
renal insufficiency. Of the 28 subjects with normal renal histopathological findings, none showed progression to ESRD
or required rebiopsy due to worsening of symptoms during
the follow-up period.
Then, to explain abnormal urinalysis findings despite
nondiagnostic renal pathology in children, we hypothesized
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two possible causes of these results: (1) pathological study
was too early and (2) orthostatic proteinuria or nonglomerular causes such as idiopathic hypercalciuria or nutcracker
syndrome were not ruled out in spite of evaluation before
PRB. First, normal renal pathology in spite of abnormal
urinalysis, so-called subpathological renal damage, would
be possible during childhood. We suggest that school urinalysis screening, as in Korea, can provide early recognition
of abnormal urinalysis; thus, it could contribute to the increase in subpathological status diagnosis rate by PRB. In
addition, although examination of first morning urine samples to rule out orthostatic proteinuria and the measurement of spot urine calcium-to-creatinine ratio to rule out
idiopathic hypercalciuria were performed, results sometimes fluctuated according to the sampling method used
or the patient’s diet. Renal vein Doppler ultrasonography
can also fail to diagnose nutcracker syndrome as a cause of
RGH, especially in small children.
In summary, despite the appropriate application of renal
biopsy, the incidence rate of normal renal histopathology
in children was 6.1%, and clinical outcomes were good, as
most urine abnormalities improved, and none of the patients showed progression to ESRD or required rebiopsy
due to worsening of symptoms during the follow-up period.
Further studies to evaluate the long-term outcomes of children with normal renal histopathology are needed.
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Pericoronary fat attenuation index in computed
tomography angiography is associated with mortality in
end-stage renal disease
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Background: An increased pericoronary fat attenuation index (FAI) on computed tomography angiography (CTA) is associated with
increased all-cause and cardiac mortality in the general population. However, the ability of pericoronary FAI to predict long-term outcomes in chronic kidney disease (CKD) patients is unknown.
Methods: In this single-center retrospective longitudinal cohort study, we assessed the utility of CTA-based pericoronary FAI measurement to predict mortality of CKD patients, including those with end-stage renal disease (ESRD). Mapping and analysis of pericoronary FAI involved three major proximal coronary arteries. The prognostic value of pericoronary FAI for long-term mortality was assessed with multivariable Cox regression models.
Results: Among 268 CKD participants who underwent coronary CTA, 209 participants with left anterior descending artery (LAD) FAI
measurements were included. The pericoronary FAI measured at the LAD was not significantly associated with adjusted risk of allcause mortality (hazard ratio [HR], 2.08; 95% confidence interval [CI], 0.94–3.51) in any CKD group. However, ESRD patients with
elevated pericoronary FAI values had a greater adjusted risk of all-cause mortality compared with the low-FAI group (HR, 2.26; 95%
CI, 1.11–4.61).
Conclusion: The pericoronary FAI measured at the LAD predicted long-term mortality in patients with ESRD, which could provide an
opportunity for early primary intervention in ESRD patients.
Keywords: Chronic kidney disease, Coronary inflammation, End-stage renal disease, Mortality

Received: April 20, 2021; Revised: July 31, 2021; Accepted: July 31, 2021
Correspondence: Bo Da Nam
Department of Radiology, Soonchunhyang University Seoul Hospital, 59 Daesagwan-ro, Yongsan-gu, Seoul 04401, Republic of Korea.
E-mail: namboda@schmc.ac.kr
ORCID: https://orcid.org/0000-0001-7822-6104
Soon Hyo Kwon
Soonchunhyang University Seoul Hospital, 59 Daesagwan-ro, Yongsan-egu, Seoul 04401, Republic of Korea. E-mail: ksoonhyo@schmc.ac.kr
ORCID: https://orcid.org/0000-0002-4114-4196
Copyright © 2022 by The Korean Society of Nephrology
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial and No Derivatives License (http://
creativecommons.org/licenses/by-nc-nd/4.0/) which permits unrestricted non-commercial use, distribution of the material without any modifications,
and reproduction in any medium, provided the original works properly cited.

Cho, et al. Pericoronary fat attenuation index in chronic kidney disease

Introduction

cluding those with ESRD.

Chronic kidney disease (CKD) is a worldwide public health
challenge with high morbidity and mortality. The mortality rate of CKD patients is 2.8-fold higher than that of nonCKD patients, and the mortality rates increase with CKD
severity [1]. The most common cause of death in CKD patients is cardiovascular disease (CVD) [2]. The prevalence
of CVD increases as renal function declines, and patients
with end-stage renal disease (ESRD) show an extremely high prevalence of CVD and cardiovascular mortality
compared with the general population [3,4]. The increased
cardiovascular mortality in CKD patients is partly attributed to shared risk factors between CVD and CKD, such as
hypertension, dyslipidemia, and diabetes, but these factors
do not account for all of the increased mortality [3].
Increased systemic inflammation is one of the nontraditional factors underlying the increased cardiovascular risk
in CKD patients [5]. Persistent, low-grade inflammation
is regarded as an important component of CKD and contributes to increasing oxidative stress and accumulation
of modified proteins and toxins [5,6]. Both systemic and
vascular inflammation are increased in CKD patients [7].
Vascular inflammation in the coronary arteries is regarded
as an important factor causing atherosclerotic plaque rupture [8]. Therefore, detecting coronary inflammation is a
critical issue, but in clinical settings, it is difficult to identify
the degree of vascular inflammation in coronary arteries.
In a previous study, the pericoronary fat attenuation
index (FAI) determined using coronary computed tomography angiography (CTA) was suggested as an emerging
parameter reflecting coronary artery inflammation [9,10].
The pericoronary FAI can be used to evaluate the degree
of coronary inflammation, which inhibits adipogenesis
in perivascular fat and increases fat attenuation on CTA
images [11]. Indeed, Oikonomou et al. [9] showed that the
pericoronary FAI was a good predictor of cardiovascular
mortality and all-cause mortality in the general population.
Given the association of chronic inflammation and CKD,
and the limited utility of luminal stenosis as a prognostic
marker of CKD due to significant coronary calcification, the
pericoronary FAI may potentially be an alternative marker
to predict long-term outcomes in CKD patients. Thus, the
objective of this study was to investigate the utility of the
coronary FAI in predicting mortality of CKD patients, in-

Methods
Study population
A total of 2002 coronary CTAs were performed from January 2012 to June 2018 at Soonchunhyang University Seoul
Hospital, Korea. After excluding patients without CKD, 268
subjects with CKD were enrolled in the study (Fig. 1). The
CKD patients were selected by reviewing the electronic
medical records. CKD was defined by “an estimated glomerular filtration rate (eGFR) less than 90 mL/min/1.73
m2 with albuminuria (urine albumin-to-creatinine ratio
≥ 30 mg/g)” or “eGFR less than 60 mL/min/1.73 m2,” according to the Kidney Disease Improving Global Outcomes
(KDIGO) guidelines [12]. The eGFR was computed based
on age, sex, race, and serum creatinine values using the
Chronic Kidney Disease Epidemiology Collaboration equa-

2,002 Participants who underwent
coronary CTA between January 2012
and June 2018

1,734 Excluded due to not having CKD

268 Participants with CKD

59 Excluded due to lack of LAD FAI
17 Poor image quality
16 Participants who underwent PCI
26 Participants who underwent CABG

209 Participants eligible for the
analysis

Low LAD FAI
(n = 158)

High LAD FAI
(n = 51)

Figure 1. Study design and flowchart.
CABG, coronary artery bypass graft; CKD, chronic kidney disease;
CTA, computed tomography angiography; FAI, fat attenuation
index; LAD, left anterior descending artery; PCI, percutaneous coronary intervention.
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tion [13]. All CTAs were performed after consultation with
a cardiologist. The main indications for CTA were chest
discomfort during dialysis, chest pain at rest, and dyspnea
on exertion. Patients who had previously undergone percutaneous coronary intervention or coronary artery bypass
graft were excluded, because we assumed that the previous
procedure had affected the pericoronary fat tissue.
The study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the
Institutional Review Board (IRB) of the Soonchunhyang
University Seoul Hospital (No. SCHUH 2019-04-001). The
need for informed consent was waived by the IRB, as the
current study was considered a retrospective review of anonymized clinical data.
Computed tomography angiography technique and image analyses
A detailed description of the CTA technique is provided in
Supplementary Method 1 (available online).
To adjust the attenuation difference between scans performed at different tube voltages, the FAI for scans performed at 100 kVp was corrected by dividing by a 1.11485
conversion factor to make the results comparable to those
for scans performed at 120 kVp [11,14]. We defined mild,
moderate, and severe stenosis of a coronary artery as luminal stenosis of 25% to 49%, 50% to 69%, and 70% or more,
respectively [15]. We used the modified Duke coronary
artery index to assess the extent of coronary artery disease
[16]. We defined high-risk plaque features as the presence
of spotty calcification, low-attenuation plaques, positive
remodeling, and the napkin-ring sign [17].
To measure the FAI, we traced the proximal 40-mm
segments of all three major coronary arteries. The definition of pericoronary fat is adipose tissue within a radial
distance from the outer vessel wall equal to the diameter
of the vessels, as previously described and verified [9,11].
To avoid interference by the aortic wall, the most proximal
10 mm of the right coronary artery (RCA) was excluded
and the proximal 10 to 50 mm of the vessels was analyzed.
For the left anterior descending artery (LAD) and the left
circumflex artery (LCx), the proximal 40 mm of each vessel
was analyzed. The pericoronary FAI was determined by
quantifying the weighted pericoronary fat attenuation after
adjusting for technical parameters, based on the attenua-
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tion histogram of pericoronary fat within the range of –190
Hounsfield unit (HU) to –30 HU, as described previously
[9,11]. Technical parameters, such as tube voltage, tube
current, and radiation output, and anatomical parameters,
including vessel diameter or stenosis, were analyzed.
Covariates
The demographic characteristics of the patients at the time
of the coronary CTA were acquired from the electronic
medical records at Soonchunhyang University Seoul Hospital. These characteristics included age, sex, body mass
index (BMI), smoking history, the presence of diabetic
kidney disease (DKD), and dialysis status. Laboratory variables, such as serum urea nitrogen, creatinine, total calcium, phosphorus, total cholesterol, triglycerides, albumin,
and hemoglobin, were also collected. Serum total calcium
concentrations were adjusted to serve as a surrogate marker of free calcium using the following correction for serum
albumin concentrations: 0.8 × (4.0 –serum albumin) + serum calcium.
Outcomes
The primary outcome of this study was all-cause mortality.
Mortality data were obtained from the Korean National Statistical Office (Microdata Integrated Service, on demand,
20,180,619; https://mdis.kostat.go.kr). It is mandatory to
report the death of any Korean national to the National
Statistical Office. The data included deaths of the study
participants occurring before December 31, 2018. The detailed causes of death reported by the institution are listed
in Supplementary Table 1 (available online). The cause of
death was not based on accurate medical assessment and
therefore was not used in further analyses.
Statistical analyses
The statistical analyses were performed using R version
3.6.1 (The R Foundation for Statistical Computing, Vienna, Austria). The categorical variables were expressed as
counts (percentage). The normally distributed continuous
variables were expressed as means ± standard deviation
and non-normally distributed continuous variables are
presented as medians (interquartile ranges). The perivas-
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cular FAI values were divided into two groups based on
the optimum cutoff value. The optimum cutoff values were
determined by selecting the datapoints that maximized
the sum of sensitivity and specificity using a receiver-operating characteristic (ROC) curve, which discriminated
the all-cause mortality according to the FAI values. The
two groups were compared using the Student two-tailed
unpaired t test or the Mann-Whitney U test, as appropriate.
Pearson chi-square tests were used when comparing the
categorical variables. Pearson correlation coefficient or
Spearman rank correlation coefficient was used to test the
correlation between the individual continuous variables.
To avoid biased estimates due to unintended missing
values, a multiple imputation process was conducted using
the regression modeling strategies (rms) package in R software. For model development, we generated five complete
datasets by estimating the missing data based on bootstrapping and predictive mean matching. The numbers
imputed for each variable are presented in Supplementary
Table 2 (available online).
Unadjusted Kaplan-Meier curve analyses and multivariable Cox proportional hazards models were used to assess
the association between the pericoronary FAI values and
the risk of death. The proportional hazards assumption was
tested using Schoenfeld residuals. Nonlinear associations
were examined using restricted cubic splines to relax the
linearity assumptions for the continuous variables, especially for the pericoronary FAI. In Cox regression models,
a 95% confidence interval (CI) of a hazard ratio (HR) that
did not include 1.0 was considered statistically significant.
In other analyses, a p-value less than 0.05 was considered
statistically significant.

Results
Characteristics of the participants and their fat attenuation index
A total of 268 CKD patients who underwent coronary CTAs
were enrolled in this study. Fifty-nine LAD, 73 LCx, and 66
RCA FAI values were excluded from the analysis because of
technical issues. The reasons for the exclusions are listed
in Supplementary Table 3 (available online). The FAI values were normally distributed and their mean values were
−70.7 ± 8.6 HU in the LAD, −66.8 ± 7.6 HU in the LCx, and

−70.2 ± 10.5 HU in the RCA. The optimum cutoff values for
predicting deaths based on the ROC curve analysis were
−65.5 HU in the LAD (area under the ROC curve [AUC],
0.59; 95% CI, 0.50–0.69), −60.3 HU in the LCx (AUC, 0.51;
95% CI, 0.39–0.62), and −61.9 HU in the RCA (AUC, 0.54;
95% CI, 0.44–0.64).
Because in a subsequent analysis the LAD FAI value was
found to be a superior predictor of mortality when compared with the FAI values of the other coronary arteries, we
mainly focused on the LAD FAI. Further analyses included
209 patients out of 268 patients, and excluded 59 patients
without LAD FAI values. The mean age of the patients was
63.3 ± 12.4 years, and 100 (47.8%) were male. Eighty-five
patients (40.7%) had DKD and 147 (70.3%) were on dialysis. The median follow-up after coronary CTA was 30.3
months (17.1−47.7 months). The characteristics of the patients according to the optimum LAD FAI cutoff values are
presented in Table 1. The high-LAD-FAI group included
more dialysis patients and lower hemoglobin and serum
triglyceride concentrations than the low-LAD-FAI group.
Supplementary Table 4 (available online) summarizes the
prescriptions drugs used by patients after coronary CTA
imaging.
Pericoronary fat attenuation index according to chronic
kidney disease stage
The mean FAI value of the LAD was −72.6 ± 7.9 HU in
patients with stage 2 CKD, −74.9 ± 7.1 HU in stage 3CKD,
−74.7 ± 7.0 HU in stage 4 CKD, and −69.5 ± 8.8 HU in stage
5CKD (Fig. 2). The LAD FAI values of the stage 5 CKD patients were significantly greater than those of patients in
stages 2 through 4 (p < 0.001). There were no significant
differences in the LAD FAI values of patients with stage 2,
3, or 4 CKD. The RCA and LCx FAI values were also significantly greater in patients with stage 5 CKD compared with
the patient in stages 2 through 4, and none of the FAI values for patients in stages 2 through 4 differed significantly
(Supplementary Fig. 1, available online). The LAD FAI values were negatively correlated with age, BMI, and hemoglobin, serum albumin, total cholesterol, and triglyceride
concentrations in the CKD patients (Table 2). Even in the
multivariable analyses, the BMI, and serum albumin and
triglyceride concentrations were negatively correlated with
LAD FAI values. The correlations between the FAI values of
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Table 1. Baseline characteristics of the study participants according to the LAD FAI values
Characteristic

All patients (n = 209)

Low-LAD-FAI (n = 158)

High LAD FAI (n = 51)

−99.1 to −50.8

−99.1 to −65.5

−65.5 to −50.8

Age (yr)

63.3 ± 12.4

64.1 ± 12.6

60.9 ± 11.6

0.11

Male sex

100 (47.8)

72 (45.6)

28 (54.9)

0.32

LAD FAI range (HU)

2

Body mass index (kg/m )

23.4 ± 3.7

24.4 ± 3.5

20.6 ± 3.0

Smoking history
Nonsmoker

p-value

<0.001
0.64

135 (64.6)

102 (64.6)

33 (64.7)

Exsmoker

30 (14.4)

21 (13.3)

9 (17.6)

Current smoker

44 (21.1)

35 (22.2)

9 (17.6)

2

30 (14.4)

26 (16.5)

4 (7.8)

3

24 (11.5)

21 (13.3)

3 (5.9)

4

8 (3.8)

8 (5.1)

0 (0.0)

5

147 (70.3)

103 (65.2)

44 (86.3)

147 (70.3)

104 (65.8)

43 (84.3)

0.02

CKD stage

Dialysis statusa, yes
DKD, present

0.04

24 (47.1)

0.37

Hemoglobin (g/dL)

10.9 ± 2.0

85 (40.7)

11.1 ± 2.2

61 (38.6)

10.5 ± 1.5

0.03

Albumin (g/dL)

4.03 ± 0.54

4.06 ± 0.54

3.92 ± 0.51

0.10

Urea nitrogen (mg/dL)

40.7 (20.8–60.1)

35.5 (20.6–57.6)

45.8 (27.2–63.4)

0.28

Creatinine (mg/dL)

6.93 (1.38–9.75)

6.79 (1.31–9.78)

7.50 (5.56–9.70)

0.08

eGFR (mL/min/1.73 m2)

6.18 (4.45–45.51)

6.50 (4.45–50.68)

6.00 (4.49–9.92)

0.04

Calcium (mg/dL)

9.00 (8.62–9.45)

8.98 (8.65–9.39)

9.10 (8.51–9.61)

0.82

Phosphorus (mg/dL)

4.36 ± 1.62

4.31 ± 1.60

4.52 ± 1.70

0.43

Total cholesterol (mg/dL)

152 ± 41

155 ± 41

143 ± 40

0.10

Triglyceride (mg/dL)

112 (84–160)

118 (88–168)

101 (68–125)

0.01

Ejection fraction (%)

61.0 (50.5–67.0)

62.0 (55.8–68.0)

58.0 (45.0–64.5)

No. of stenotic vessels

0.61

0

44 (21.1)

35 (22.2)

9 (17.6)

1

45 (21.5)

34 (21.5)

11 (21.6)

2

45 (21.5)

36 (22.8)

9 (17.6)

3

75 (35.9)

53 (33.5)

22 (43.1)

5 (2.4)

4 (2.5)

1 (2.0)

No

44 (21.1)

35 (22.2)

9 (17.6)

Minimal

23 (11.0)

21 (13.3)

2 (3.9)

Mild

60 (28.7)

41 (25.9)

19 (37.3)

Moderate

51 (24.4)

40 (25.3)

11 (21.6)

Severe

31 (14.8)

21 (13.3)

10 (19.6)

High-risk plaque, present

0.009

Maximum degree of stenosis

>0.99
0.17

Data are presented as range, mean ± standard deviation, number (%), or median (interquartile range). Patients were categorized by the optimum LAD FAI
cutoff (−65.5 HU).
BMI, body mass index; CKD, chronic kidney disease; DKD, diabetic kidney disease; eGFR, estimated glomerular filtration rate; FAI, fat attenuation index;
HU, Hounsfield unit; LAD, left anterior descending artery.
a

The dialysis modality of all end-stage renal disease patients was hemodialysis.
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the other two coronary arteries and continuous covariates
is presented in Supplementary Table 5 (available online).

LAD FAI (HU)

–40

–60

–80

–100
2

3

4

5

CKD stage

Figure 2. LAD FAI values according to CKD stage. The data
are presented as arithmetic means with error bars indicating the
95% confidence intervals.
CKD, chronic kidney disease; FAI, fat attenuation index; HU,
Hounsfield unit; LAD, left anterior descending artery.
*p < 0.001.

Pericoronary fat attenuation index and mortality in
chronic kidney disease patients
Among the 209 study participants, there were 43 deaths,
including 27 deaths in the low-LAD-FAI group and 16
deaths in the high-LAD-FAI group. The mortality rate
was 88.1 (95% CI, 64.6−117.5) per 1,000 person-years
(low-LAD-FAI-group, 71.2 [95% CI, 48.0−102.1] per
1,000 person-years; high-LAD-FAI-group, 146.8 [95% CI,
87.3−232.7] per 1,000 person-years). The unadjusted cumulative hazard curve for all-cause mortality according
to the LAD-FAI groups is shown in Fig. 3A. The HR for
death was significantly greater in the high-LAD-FAI group
compared with the low-LAD-FAI group. However, after
adjusting for age, sex, BMI, smoking history, the presence
of DKD, dialysis status, hemoglobin, serum albumin,
phosphorus, and total cholesterol, the mortality of the
high- and low-LAD-FAI groups did not differ during the
follow-up period (HR, 1.81; 95% CI, 0.88–3.73) (Table 3).
In the analyses of the LCx FAI and RCA FAI, the high-FAI
groups also had greater HRs in the unadjusted models,
but there was no significant difference between the highand low-FAI groups after adjustment (Supplementary Fig.
2, available online). The restricted cubic spline regression

Table 2. The univariable and multivariable analyses to identify variables associated with the left anterior descending artery fat attenuation index
Variable
Age (yr)
Male sex
Body mass index (kg/m2)
Smoking, ex- or current
DKD, present
Dialysis status, yes
Hemoglobin (g/dL)
Urea nitrogen (mg/dL)
Creatinine (mg/dL)
Albumin (g/dL)
Calcium
Phosphorus (mg/dL)
Total cholesterol (mg/dL)
Triglyceride (mg/dL)

β
–0.099
1.288
–1.099
–0.133
1.937
4.319
–1.001
0.007
0.197
–3.601
–0.939
0.298
–0.032
–0.039

Univariable analysis
SE
0.048
1.195
0.142
1.252
1.211
1.276
0.289
0.029
0.163
1.099
0.779
0.372
0.015
0.009

p-value
0.04
0.28
<0.001
0.92
0.11
0.001
0.001
0.82
0.23
0.001
0.23
0.42
0.04
<0.001

β
–0.096
–0.812
–0.569
–0.608
–2.883
0.004
–0.023

Multivariable analysis
SE
0.050
0.169
1.444
0.338
1.194
0.016
0.009

p-value
0.06
<0.001
0.69
0.07
0.02
0.82
0.01

The β coefficients, standard errors (SEs), and p-values were calculated using simple and multiple linear regression analyses. Multiple linear regression
analyses included the variables with p-values less than 0.05 in the simple linear regression (age, body mass index, dialysis status, hemoglobin, serum albumin, total cholesterol, and triglyceride). DKD, diabetic kidney disease.
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B

1.00

< –65.5 HU
≥ –65.5 HU

0.75

0.50

0.25

p = 0.018

0.00
0

2

1.00

All-cause mortality

All-cause mortality

A

4

< –65.5 HU
≥ –65.5 HU

0.75

0.50

0.25

p = 0.047

0.00

6

0

2

Time after CTA (yr)

6

Time after CTA (yr)

Number at risk
< –65.5 HU
≥ –65.5 HU

4

Number at risk

158

101

39

12

51

26

13

3

< –65.5 HU
≥ –65.5 HU

104

55

12

1

43

20

8

2

Figure 3. Comparative risks of death between the high- and low-LAD-FAI groups. Cumulative hazard curves for all-cause death in (A)
all CKD patients and (B) the dialysis subgroup are presented. The p-values were calculated using the log-rank test.
CKD, chronic kidney disease; CTA, computed tomography angiography; FAI, fat attenuation index; HU, Hounsfield unit; LAD, left anterior
descending artery.
Table 3. The adjusted risk of death according to the LAD FAI
Model
1a
2b
3c

Low LAD FAI
1 (reference)
1 (reference)
1 (reference)

All CKD patients
High LAD FAI
2.08 (1.12–3.85)
1.81 (0.89–3.71)
1.81 (0.88–3.73)

p-value
0.02
0.10
0.12

Patients on dialysis
High LAD FAI
p-value
1.96 (1.00–3.87)
0.05
2.89 (1.19–7.05)
0.02
3.01 (1.19–7.61)
0.02

Data are presented as the hazard ratio (95% confidence interval) attained by multivariable Cox proportional hazard models. The LAD FAI values were categorized into low and high-LAD-FAI groups according to the optimum cutoff level (−65.5 Hounsfield unit).
CKD, chronic kidney disease; FAI, fat attenuation index; LAD, left anterior descending artery.
a
Model 1: not adjusted. bModel 2: adjusted for age, sex, body mass index, smoking history, the presence of diabetic kidney disease and dialysis status. In
the analysis of the dialysis subgroup, the duration of dialysis instead of dialysis status was selected as the adjusted variable. cModel 3: adjusted for model
2 variables plus hemoglobin, serum albumin, phosphorus, and total cholesterol concentrations.

model showed a J-shaped relationship between the LAD
FAI values and the hazard of all-cause mortality (Fig. 4A).
Pericoronary fat attenuation index and mortality in patients on dialysis
Further subgroup analyses were conducted with the data
from CKD patients undergoing dialysis. Among 147 dialysis patients, there were 34 deaths, including 19 in the
group with low LAD FAI values and 15 in the group with
high LAD FAI values. The mortality rate was 127.8 (95% CI,
90.1−176.4) per 1,000 person-years (low-LAD-FAI group,
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102.2 [95% CI, 63.6−156.2] per 1,000 person-years; highLAD-FAI group, 187.5 [95% CI, 109.5−301.5] per 1,000
person-years) The mortality in the high-LAD-FAI group
was significantly greater compared with the low-LAD-FAI
group, similar to the results for the entire CKD patient cohort (Fig. 3B). After adjusting for confounding variables, the
mortality rate in the high-LAD-FAI group was still greater
than in the low-LAD-FAI group during the study period
(HR, 3.01; 95% CI, 1.19−7.61) (Table 3). The restricted cubic
spline regression model showed that the HRs increased
linearly as the LAD FAI values increased in the ESRD group
(Fig. 4B).
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A

B

4.48

4.48

HR for all-cause death

HR for all-cause death

2.72
2.72
1.65
1
0.61

1.65
1
0.61
0.37
0.22
0.14

0.37
–80

–70

–60

LAD FAI (HU)

0.08

–80

–75

–70

–65

–60

–55

LAD FAI (HU)

Figure 4. Nonlinear associations between the hazard ratios of all-cause death and the LAD FAI values. Restricted cubic spline regression models predicting all-cause mortality based on the LAD FAI values after adjusting for age, sex, the presence of diabetic kidney
disease, dialysis status, hemoglobin, serum albumin, and total serum cholesterol concentrations in (A) all CKD patients and (B) patients on dialysis are presented. The estimated adjusted hazard ratio as a function of the LAD FAI with 95% confidence limits is shown.
CKD, chronic kidney disease; FAI, fat attenuation index; HU, Hounsfield unit; LAD, left anterior descending artery.

Discussion
We found that the pericoronary FAI values were greater in
the ESRD patients compared with the CKD patients who
were not on dialysis. Furthermore, in the ESRD patients,
high LAD FAI values were associated with a high incidence
of all-cause mortality even after adjusting for the traditional cardiovascular risk factors. These results suggest the
clinical usefulness of pericoronary FAI in CTA to predict
the prognosis of patients with ESRD.
In the present study, a high pericoronary FAI was associated with all-cause mortality in the ESRD group. Although
the exact cause of death was not evaluated in this study,
the mechanism/s underlying increased FAI values and increased incidence of CVD in ESRD patients indicate a high
pericoronary FAI might be associated with the development of CVD. Coronary artery disease is common in ESRD
patients. In addition to existing coronary artery disease,
additional factors, such as hypertension and metabolic
abnormalities associated with dialysis, promote CVD [18].
Approximately 80% of all dialysis patients manifest some
form of heart disease and CVD accounts for 50% of deaths
among ESRD patients [19].
Unlike the ESRD groups, no statistical significance was
found in the analyses that included all CKD patients. The

heterogeneous features of predialysis CKD patients affect
these results. Predialysis patients exhibit diverse renal
function and proteinuria, which are both independently
associated with an increased risk of cardiovascular events.
In contrast, most ESRD patients exhibit negligible renal
function and undergo similar treatment. These homogeneous features of ESRD are similar to those of the nonCKD population. The lack of statistical significance may
also be attributed to the relatively small number of stages
2 through 4 CKD patients in our cohort. Because coronary
CTA is seldom performed in predialysis CKD patients due
to the risk of iodine contrast-induced nephropathy, our
study failed to include sufficient numbers of predialysis
CKD patients. In contrast, because the stage 5 CKD patients
were already on dialysis, there was little concern about inducing acute kidney injury by performing coronary CTA.
Additional predialysis participants are needed to establish
the actual effect of the pericoronary FAI on the mortality
of all CKD patients. Therefore, it is appropriate to interpret
the results of our study with a focus on ESRD patients.
In the restricted cubic spline analysis of dialysis patients,
the risk of death increased linearly with increasing LAD FAI
values, while in the analysis of the total CKD patient population the relationship between the LAD FAI values and
the risk of death showed a J-shaped pattern. This result was
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attributed to the decreased risk of death as the LAD FAI
values increased in predialysis CKD patients in contrast to
the results involving ESRD patients. It is unclear why the
association between the risk of death and LAD FAI values
differed between patients undergoing dialysis and predialysis patients. As discussed above, due to the limited number and heterogeneity of predialysis patients in this study,
we were unable to reach a definitive conclusion.
In our study, the pericoronary FAI was significantly elevated in the ESRD patients compared with the predialysis
CKD patients. The results showed that vascular inflammation was markedly elevated in the ESRD patients. Chronic
inflammation in ESRD is attributed to not only a decrease
in the glomerular filtration rate but also the retention of
uremic toxins, comorbidities, superimposed acute illness,
gut dysbiosis, and the dialysis procedure itself [20–22].
Careful selection of patients among this high-risk population and efforts to reduce their systemic inflammation are
crucial in view of the association between vascular inflammation and mortality among ESRD patients in our study.
Although there is no established therapy to reduce chronic
inflammation in ESRD, many interventions have been proposed to decrease the production of inflammatory molecules and improve the clearance of mid-molecular-weight
uremic toxins [20].
Oikonomou et al. [9] reported that the pericoronary
FAI values of all three coronary arteries were significantly
associated with all-cause mortality, and the pericoronary
RCA and LAD FAI values were significantly associated with
cardiac mortality. The RCA FAI was used as the representative predictor variable because all three coronary arteries
were strongly correlated. In our study, the FAI values of all
three coronary arteries were significantly associated with
all-cause mortality in the unadjusted analyses, but after
adjustment, only the association with the LAD FAI value
was significant in the ESRD subgroup. Therefore, we used
the LAD FAI as the main predictor variable instead of the
RCA FAI. When measuring pericoronary fat attenuation,
the LAD FAI has several advantages compared with the
RCA and LCx FAI. The LAD has a relatively larger lumen
diameter and is less affected by anatomic dominance [23].
In addition, the LAD is less sensitive to motion artifacts
than the RCA [24,25]. The LAD is an appropriate artery for
calculating fat attenuation given the convenience and reproducibility of the measurement.
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Previous studies of CTA findings in ESRD reported that
patients with ESRD carried a higher burden of atherosclerosis, and the coronary artery calcium score showed great
promise for screening and risk stratification of coronary
artery disease [26,27]. However, limited data are available
to evaluate the utility of coronary CTA in patients with
predialysis CKD because of the risk of contrast-induced
nephropathy in this population [28]. Thus our findings
regarding the pericoronary FAI in ESRD patients significantly impact the role of CTA in predialysis CKD patients.
Until recently, the protocol to measure pericoronary FAI
required contrast enhancement because it is based on a
coronary CTA scan, which limits the widespread use of
pericoronary FAI as an imaging biomarker in CKD patients.
However, contrast enhancement is not always necessary
when measuring the attenuation of fat component around
the blood vessels [29]. Future studies should include measurement of the pericoronary FAI on non-enhanced computed tomography (CT) scans, and standardization and
validation of the pericoronary FAI thresholds. With the burden of contrast nephrotoxicity negated, non-enhanced CT
may provide useful information about the cardiovascular
risk using pericoronary FAI and coronary calcium scoring,
which improves the risk stratification in all stages of CKD,
enabling timely intervention.
Our study had several limitations. First, the proportion
of patients with stage 5 CKD was high and there were few
stages 2 through 4 CKD patients because, as mentioned
previously, the risk of CTA-associated contrast-induced
nephropathy may not be warranted in predialysis patients,
unlike patients on dialysis. Because the composition of
CKD patients included in this study and mortality risks
varied compared with the actual CKD patients, there was
a risk of selection bias. Second, cardiac mortality was not
included as a study outcome because the reported cause
of death did not depend on an accurate medical assessment, which was regrettable because CVD is considered
a main cause of death in patients with high pericoronary
FAI values. However, all-cause mortality was a valid study
outcome because CVD is the major cause of death in CKD
patients. Third, this study was conducted at a single center
and included only a single race (East Asians). Therefore,
care should be taken before applying the results of this
study to different patient groups.
In conclusion, the pericoronary FAI, especially the LAD
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FAI, is an excellent CTA marker predicting the mortality of
ESRD patients, and provides an opportunity for early detection and primary prevention of CVD in ESRD patients.
Future studies are needed to develop an effective intervention to reduce vascular inflammation and improve the
prognosis of ESRD patients.
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The paradoxical effect of aldosterone on cardiovascular
outcome in maintenance hemodialysis patients
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Background: Patients with end-stage kidney disease face increased risk of cardiovascular events, and left ventricular diastolic dysfunction (LVDD) contributes to the high occurrence of cardiovascular mortality (CM). Although a high serum aldosterone (sALD) level
is involved in the development of cardiovascular complications in the general population, this association is unclear in patients undergoing hemodialysis. We aimed to determine the impact of sALD on LVDD and CM among hemodialysis patients (HDPs).
Methods: We performed a prospective cohort study of maintenance HDPs without cardiovascular disease. The patients were divided
into two groups according to the median level of sALD. All patients underwent baseline echocardiography to evaluate diastolic dysfunction (E/e’ ratio > 15). The LVDD and CM rates were compared between the high and low aldosterone groups.
Results: We enrolled a total of 60 adult patients (mean age, 57.9 ± 12.1 years; males, 30.0%). The low aldosterone group had an increased left ventricular diastolic dimension compared with the high aldosterone group (52.2 ± 8.4 mm vs. 50.3 ± 5.2 mm, respectively; p = 0.03). Low log-aldosterone (odds ratio [OR], 0.40; 95% confidence interval [CI], 0.19–0.86) and large left atrial dimension
(OR, 1.31; 95% CI, 1.11–1.54) were independent risk factors for LVDD at baseline. In addition, Cox regression analysis demonstrated
that low sALD was an independent predictor of CM in HDPs (hazard ratio, 0.46; 95% CI, 0.25–0.85; p = 0.01) during follow-up.
Conclusion: Low sALD was not only associated with LVDD but was also an independent predictor of CM among HDPs regardless of
their interdialytic weight gain.
Keywords: Aldosterone, Cardiovascular disease, Hemodialysis

Introduction
Among patients on hemodialysis (HD), cardiovascular (CV)
mortality is the leading cause of death and accounts for
almost 50% of deaths in these patients. The renin-angio-

tensin-aldosterone system (RAAS) plays a significant role
in the pathogenesis of vascular remodeling of the heart and
systemic organs, in addition to its classical role in the maintenance of water-electrolyte balance, acid-base balance,
and blood pressure regulation [1]. Aldosterone is the prima-
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ry effector hormone of the RAAS and may have deleterious
effects, including fibrosis, hypertrophy, and stimulation of
smooth muscle cell proliferation and collagen production
with a concurrent elevation in inflammatory and oxidative
signaling [2]. Accordingly, aldosterone contributes to the
development of myocardial hypertrophy and interstitial fibrosis, thereby promoting left ventricular diastolic dysfunction (LVDD) [3–5]. Likewise, it is actively involved in the
development of proinflammatory and prothrombotic states,
such as atherosclerotic CV disease [6].
Despite accumulating evidence supporting the positive
correlation between aldosterone concentration and CV
mortality in the general population as well as in patients
with chronic kidney disease (CKD) [7–9], the results have
been conflicting in patients undergoing HD. Interestingly,
two previous studies reported the paradoxical causality between aldosterone and mortality among HD patients [10,11].
Left ventricular (LV) remodeling may play an important role
in this inverse correlation. Therefore, we hypothesized that
low serum aldosterone levels may be associated with LVDD
and may increase the incidence of CV mortality in maintenance HD patients.

Methods
Study population
This study was conducted at Hallym University Kangnam
Sacred Heart Hospital (Seoul, Korea). Ninety-five maintenance HD patients were eligible for the study and were followed up from March 2012 to February 2019. HD was performed three times weekly for four hours each session. Each
patient underwent outpatient HD for at least three months.
Patients with a history of CV disease and transplantation
who had an active infection or a documented malignancy
or those who failed to undergo an echocardiogram were excluded. Of the 95 enrolled patients, 33 had a previous history of CV disease, one had liver cirrhosis, and one was treated for hepatocellular carcinoma. The 60 remaining patients
were included in this study. Patients were grouped based on
their levels of serum aldosterone (Fig. 1). This prospective
observational study was conducted in accordance with the
principles contained in the Declaration of Helsinki and was
approved by the Institutional Review Board of Hallym University Kangnam Sacred Hospital (No. 2010-05-33). Written
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informed consent was obtained from all participants.
Clinical and biochemical parameters
Baseline parameters including demographic, laboratory,
and HD data were collected during the study enrollment
process. CV disease included coronary artery, cerebrovascular, and peripheral vascular diseases, and CV mortality
was defined as death attributable to CV disease. Blood samples to assess the serum aldosterone level were obtained
before the midweek dialysis session to measure various
markers using standard techniques after a 15-minute period of rest in the supine position [10]. The method for the
quantitative determination of the LIAISON aldosterone
assay is a competitive assay that uses sheep monoclonal
antibodies to capture the aldosterone molecule (intraassay
coefficient of variation, 2.1%–4.2%; interassay coefficient of
variation, 5.8%–10.5%) (DiaSorin Inc., Stillwater, MN, USA).
The body mass index (BMI) was calculated as the participants’ dry weight in kilograms divided by their height in
meters squared (kg/m2). The Kt/V was determined using
the logarithmic estimate of the Daugirdas method [12]. To
estimate the volume status, the interdialytic weight gain
(IDWG) was calculated as the mean value of weight gain
after three consecutive HD sessions during the week of
enrollment [13]. The dry weight was ascertained by clinical
assessment at least monthly using chest X-rays. The ratio of
absolute IDWG to the patient’s dry weight was defined as
the IDWG%; an IDWG% of ≥4.0 was regarded as excessive
[14]. Medical staff and dietitians advised the patients to
limit their sodium intake to <2.3 g per day to improve volume control [15]. Additionally, patients who were currently
taking an angiotensin-converting enzyme inhibitor (ACEI)
or an angiotensin receptor blocker (ARB) were divided into
two groups according to the prescription drug dose. Those
taking the maximum dose of ACEI or ARB were placed into
the high-dose group, while those on lower doses made up
the low group.
Echocardiography
Transthoracic echocardiograms were performed for baseline assessments on a nondialysis day within 1 month from
the date of receipt of informed consent and were obtained
by fundamental imaging (two-dimensional, M-mode, and
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95 Receiving outpatient HD for at least 3 months
at Hallym University Kangnam Sacred Heart Hospital
in March 2012
35 Were excluded
33 History of CV disease
1 Liver cirrhosis
1 Hepatocellular carcinoma
60 HD patients enrolled

30 With low aldosterone

30 With high aldosterone

Follow-up from March 2012 to February 2019

11 (36.7%) died
8 (26.7%) CV death
3 (10%) infection

19 (63.3%) survived

6 (20%) died
2 (6.7%) CV death
3 (10%) infection
1 (3.3%) lymphoma

24 (80%) survived

Figure 1. Flow diagram summarizing the process of patient enrollment and follow-up.
HD, hemodialysis; CV, cardiovascular.

tissue Doppler imaging [TDI]) using a 2.5-MHz transducer
and a commercial ultrasound system (Vivid 7; GE Vingmed
Ultrasound AS, Horten, Norway); no further follow-up examinations were performed. The chamber dimensions,
wall thickness, and LV ejection fraction (EF) were measured
(M-mode), and the mitral annular velocities were obtained
by TDI. The left atrial dimension (LAD) was determined
from M-mode echocardiograms using a leading edge to
leading edge technique by measuring the maximal distance
between the posterior aortic root wall and the posterior LA
wall at end-systole [16]. We measured the peak velocities
of early diastole (e’) and calculated the E/e’ ratio, which
reflects the mean LV diastolic pressure; an E/e’ ratio of >15
indicates LVDD [17]. The LV mass was calculated using the
Devereux formula [LV mass (g) = 1.04 × (interventricular
septal thickness + LV end-diastolic dimension + posterior
wall thickness)3 – (LV end-diastolic dimension)3 – 13.6] [18],
and the LV mass index (LVMI) was determined as the LV
mass in grams divided by the body surface area. LV hypertrophy (LVH) was defined as an LVMI of at least 149 g/m2
in males and 122 g/m2 in females according to the current

American and European guidelines [19]. LV systolic function was assessed by calculating the EF using a modified
Simpson’s method, and LV systolic dysfunction (LVSD) was
defined as an EF of <50% [20]. Echocardiography was performed by two experienced specialists who were blinded to
all patient information.
Statistical analysis
The patients were divided into two groups according to
their median level of serum aldosterone. The associations
between serum aldosterone, IDWG, and echocardiographic
parameters were assessed at study enrollment. The participants were followed up to evaluate the effect of aldosterone
on CV mortality until death or through March 2019. The researchers obtained the date and cause of death from a medical record review or a phone call at the end of the follow-up
period. These summary statistics are expressed as the mean
(standard deviation) or median (interquartile range) for
continuous variables and as frequencies or percentages for
categorical variables. Continuous variables were compared
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using the Student t test for two groups or the Mann-Whitney
U test for the nonparametric test. Categorical variables were
compared using the chi-square test. A multivariate logistic
regression analysis was performed to identify the independent risk factors for LVDD. A multivariate analysis that used
the enter method was performed on variables that were
shown to be meaningful upon univariate analysis. A Cox
regression analysis was performed by the enter method to
evaluate the influence of serum aldosterone on CV and allcause mortality. All tests were performed using the PASW
Statistics version 18.0 (IBM Corp., Armonk, NY, USA). A
p-value of <0.05 was considered statistically significant.

Patients with excessive IDWG had higher levels of serum
potassium (4.9 ± 0.6 mEq/L vs. 4.3 ± 0.7 mEq/L, respectively; p = 0.001), calcium (8.5 ± 1.0 mg/dL vs. 8.1 ± 0.6 mg/dL,
respectively; p = 0.03), phosphorus (5.4 ± 1.3 mg/dL vs. 4.1
± 1.2 mg/dL, respectively; p < 0.001), and high-density lipoprotein cholesterol (46.9 ± 15.1 mg/dL vs. 38.8 ± 10.1 mg/
dL, respectively; p = 0.02) and lower levels of total CO2 (18.6
± 1.6 mmol/L vs. 20.7 ± 2.3 mmol/L, respectively; p < 0.001)
than those without.

Results

The log-aldosterone showed a negative correlation with
the E/e’ ratio (r = –0.435, p = 0.001) (Fig. 2) and a significant
positive relationship with the serum albumin (r = 0.513, p <
0.001). The low aldosterone group had a higher LV diastolic
dimension than the high aldosterone group (52.2 ± 8.4 mm
vs. 50.3 ± 5.2 mm, respectively; p = 0.03) (Table 3). The E/e’
ratio (21.0 ± 11.9 vs. 14.6 ± 5.3, p = 0.01) and the proportion
of LVDD (66.6% vs. 40.0%, p = 0.04) were significantly higher
in the low aldosterone group than in the high aldosterone
group, respectively. There were no significant differences in
LVMI and the proportion of LVH between the two groups.
The high aldosterone group had higher EFs than the low
aldosterone group. However, there was no significant difference in the proportion of LVSD between the two groups
(Table 3). A multivariate logistic regression revealed that
low log-aldosterone (odds ratio [OR], 0.40; 95% confidence
interval [CI], 0.19–0.86) and LAD (OR, 1.31; 95% CI, 1.11–
1.54) were independent risk factors for LVDD (Table 4).

Baseline characteristics according to serum aldosterone
level
Among the 60 participants, the mean age was 57.9 ± 12.1
years (range, 34–82 years), and 18 patients (30.0%) were
male. The median dialysis duration was 3.2 years (interquartile range, 0.4–22.0 years). The underlying cause of end-stage
renal disease (ESRD) was diabetes in 30 patients (50.0%).
Table 1 shows the baseline data of the low and high serum
aldosterone groups. The high aldosterone group had higher
levels of serum albumin (4.1 ± 0.3 g/dL vs. 3.8 ± 0.4 g/dL, respectively; p = 0.008) than the low aldosterone group. No significant differences were observed in the absolute IDWG (2.5
± 1.3 kg vs. 2.4 ± 1.1 kg, respectively; p = 0.88), the proportion
of excessive IDWG (4.3% ± 2.2% vs. 4.7% ± 2.3%, respectively;
p = 0.46), and the BMI (23.2 ± 3.4 kg/m2 vs. 21.5 ± 3.1 kg/m2,
respectively; p = 0.06) between the high aldosterone group
and the low aldosterone group (Table 1). There was no significant difference in the proportion of patients taking an
ACEI or ARB between the two groups; likewise, there was
no significant difference according to the dose.
Baseline characteristics according to interdialytic weight
gain
Table 2 shows a comparative analysis of the baseline characteristics of patients with excessive IDWG and those without
excessive IDWG. No significant difference was observed in
the aldosterone levels between the group with an IDWG of
>4% and that without an IDWG of >4% (p = 0.30) (Table 2).
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Aldosterone as an independent risk factor for left ventricular diastolic dysfunction

Aldosterone and predictors of cardiovascular mortality
During the mean follow-up period of 5.2 years, 10 of 17
deaths were due to CV disease, which occurred in eight patients (26.7%) in the low aldosterone vs. two patients (6.7%)
in the high aldosterone group (Fig. 1). A survival analysis
showed that the cumulative incidence rates of CV mortality
were significantly higher in the low aldosterone group (logrank test, p = 0.03) (Fig. 3). In a Cox multivariate analysis
that had been adjusted for ACEI/ARB use, the albumin,
high-sensitivity C-reactive protein (CRP), and Cox regression analysis showed that old age (OR, 1.17; 95% CI, 1.06–
1.30; p = 0.003) and low aldosterone levels (OR, 0.46; 95%
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Table 1. Baseline characteristics of patients according to serum aldosterone level
Characteristic
Demographic data
No. of patients
Age (yr)
Male sex
Diabetes mellitus
Hypertension
SBP (mmHg)
DBP (mmHg)
Dialysis vintage (yr)
Body mass index (kg/m2)
Kt/V
Laboratory data
Log-aldosterone
Aldosterone (ng/dL)a
Hemoglobin (g/dL)
hs-CRP (mg/L)
Albumin (g/dL)
iPTH (pg/mL)
Sodium (mEq/L)
Potassium (mEq/L)
Calcium (mg/dL)
Phosphorus (mg/dL)
Total CO2 (mmol/L)
Total cholesterol (mg/dL)
Triglyceride (mg/dL)
HDL cholesterol (mg/dL)
LDL cholesterol (mg/dL)
Current medicationb
Aspirin
ACEI or ARB
  High dose
Calcium channel blocker
Beta-blocker
Statin
IDWG (kg)
IDWG%
Excessive IDWG

All

Low aldosterone group

High aldosterone group

60
57.9 ± 12.1
18 (30.0)
30 (50.0)
49 (81.7)
143.4 ± 11.4
82.1 ± 7.2
4.7 ± 4.6
22.3 ± 3.4
1.58 ± 0.26

30
60.3 ± 13.2
8 (26.7)
15 (50.0)
27 (90.0)
144.8 ± 10.1
83.3 ± 6.2
4.0 ± 3.8
21.5 ± 3.1
1.58 ± 0.21

30
55.5 ± 10.6
10 (33.3)
15 (50.0)
22 (73.3)
141.9 ± 12.6
80.7 ± 7.9
5.4 ± 5.3
23.2 ± 3.4
1.57 ± 0.31

3.8 ± 1.4
44.0 (0.1–1,210.4)
10.0 ± 0.9
2.1 ± 1.9
4.0 ±0.4
204.3 ± 302.7
137.9 ± 3.1
4.6 ± 0.7
8.3 ± 0.8
4.8 ± 1.4
19.5 ± 2.1
154.8 ± 32.7
108.4 ± 70.9
43.4 ± 13.7
87.0 ± 27.3

2.8 ± 1.2
23.0 (0.1–44.0)
9.8 ± 0.8
2.0 ± 1.8
3.8 ± 0.4
197.9 ± 384.9
137.9 ± 3.2
4.5 ± 0.7
8.2 ± 0.7
4.6 ± 1.3
19.8 ± 1.8
150.1 ± 26.9
91.5 ± 51.8
43.1 ± 12.5
85.5 ± 20.9

46 (76.7)
44 (73.3)
28 (63.7)
39 (65.0)
33 (55.0)
5 (8.3)
2.5 ± 1.2
4.5 ± 2.2
34 (56.7)

23 (76.6)
24 (80.0)
17 (70.8)
23 (76.7)
20 (66.7)
2 (6.7)
2.4 ± 1.1
4.7 ± 2.3
17 (56.7)

0.13
0.40
>0.99
0.18
0.36
0.20
0.25
0.06
0.85

4.8 ± 0.8
96.8 (47.5–1,210.4)
10.3 ± 1.0
2.2 ± 2.1
4.1 ± 0.3
210.8 ± 195.3
137.9 ± 3.1
4.7 ± 0.7
8.5 ± 0.9
5.1 ± 1.4
19.1 ± 2.4
159.4 ± 37.4
125.2 ± 83.4
43.7 ± 14.9
88.6 ± 32.8
23 (76.6)
20 (66.7)
11 (55.0)
16 (53.3)
13 (43.3)
3 (8.3)
2.5 ± 1.3
4.3 ± 2.2
17 (56.7)

p-value

<0.001
0.001
0.07
0.68
0.008
0.87
0.94
0.13
0.28
0.18
0.19
0.28
0.07
0.86
0.66
>0.99
0.24
0.35
0.10
0.12
>0.99
0.88
0.46
>0.99

Data are expressed as number only, mean ± standard deviation, number (%), or median (interquartile range).
ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blocker; DBP, diastolic blood pressure; HDL, high-density lipoprotein; hs-CRP,
high-sensitivity C-reactive protein; IDWG, interdialytic weight gain; iPTH, intact parathyroid hormone; LDL, low-density lipoprotein; SBP, systolic blood pressure.
a
Median (interquartile range) values are presented because of a skewed distribution. bNone of the patients was treated with aldosterone antagonists.

CI, 0.25–0.85; p = 0.01) were significantly associated with CV
mortality in maintenance HD patients (Table 5). However,
the all-cause mortality (p = 0.09) and non-CV mortality (p >

0.99) rates were not significantly different between the two
groups.

www.krcp-ksn.org

81

Kidney Res Clin Pract 2022;41(1):77-88

Table 2. Comparative analysis of the baseline characteristics of patients according to IDWG
Characteristic
Demographic data
No. of patients
Age (yr)
Male sex
Diabetes melliuts
Hypertension
SBP (mmHg)
DBP (mmHg)
Dialysis vintage (yr)
Body mass index (kg/m2)
Kt/V
Laboratory data
Log-aldosterone
Hemoglobin (g/dL)
hs-CRP (mg/L)
Albumin (g/dL)
iPTH (pg/mL)
Sodium (mEq/L)
Potassium (mEq/L)
Calcium (mg/dL)
Phosphorus (mg/dL)
Total CO2 (mmol/L)
Total cholesterol (mg/dL)
Triglyceride (mg/dL)
HDL cholesterol (mg/dL)
LDL cholesterol (mg/dL)
Current medication
Aspirin
ACEI or ARB
Calcium channel blocker
Beta-blocker
Statin
IDWG (kg)
IDWG%

All

IDWG/DW < 4%

IDWG/DW ≥ 4%

p-value

60
57.9 ± 12.1
18 (30.0)
30 (50.0)
49 (81.7)
143.4 ± 11.4
82.1 ± 7.2
4.7 ± 4.6
22.3 ± 3.4
1.58 ± 0.26

26
60.5 ± 13.1
10 (38.5)
11 (42.3)
18 (69.2)
141.2 ± 12.7
81.6 ± 6.2
3.5 ± 4.4
22.4 ± 2.9
1.52 ± 0.28

34
56.0 ± 11.3
8 (23.5)
19 (55.9)
31 (91.2)
145.4 ± 10.0
82.5 ± 8.0
5.8 ± 4.6
22.4 ± 3.8
1.62 ± 0.25

0.16
0.17
0.22
0.03
0.19
0.65
0.06
0.93
0.15

3.8 ± 1.4
10.0 ± 0.9
2.1 ± 1.9
4.0 ± 0.4
204.3 ± 302.7
137.9 ± 3.1
4.6 ± 0.7
8.3 ± 0.9
4.9 ± 1.4
19.5 ± 2.1
154.8 ± 32.7
108.4 ± 70.9
43.4 ± 13.7
87.0 ± 27.3

3.7 ± 1.5
10.3 ± 1.1
2.1 ± 1.6
3.9 ± 0.5
153.4 ± 120.3
138.4 ± 3.1
4.3 ± 0.7
8.1 ± 0.6
4.1 ± 1.2
20.7 ± 2.3
160.6 ± 37.0
140.4 ± 76.9
38.8 ± 10.1
93.6 ± 29.8

4.0 ± 1.4
9.9 ± 0.9
2.2 ± 2.2
4.1 ± 0.4
243.4 ± 386.3
137.5 ± 3.1
4.9 ± 0.6
8.5 ± 1.0
5.4 ± 1.3
18.6 ± 1.6
150.3 ± 28.7
83.8 ± 55.5
46.9 ± 15.1
82.0 ± 24.5

0.30
0.13
0.87
0.23
0.26
0.30
0.001
0.03
<0.001
<0.001
0.23
0.002
0.02
0.10

46 (76.7)
44 (73.3)
39 (65.0)
33 (55.0)
5 (8.3)
2.5 ± 1.2
4.5 ± 2.2

18 (69.2)
15 (57.6)
12 (46.2)
6 (23.1)
1 (3.8)
1.4 ± 0.8
2.5 ± 1.3

28 (82.4)
29 (85.3)
27 (79.4)
27 (79.4)
4 (11.8)
3.3 ± 0.7
6.1 ± 1.5

0.23
0.02
0.008
<0.001
0.27
<0.001
<0.001

Data are expressed as number only, mean ± standard deviation, or number (%).
ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blocker; DBP, diastolic blood pressure; DW, dry weight; HDL, high-density lipoprotein; hs-CRP, high-sensitivity C-reactive protein; IDWG, interdialytic weight gain; iPTH, intact parathyroid hormone; LDL, low-density lipoprotein; SBP, systolic blood pressure.

Discussion
This study demonstrated the effect of low serum aldosterone on CV mortality irrespective of IDWG status. Low
aldosterone level was significantly associated with a higher
prevalence of LVDD. Moreover, low aldosterone was an
independent predictor of CV mortality among patients
on maintenance HD regardless of IDWG status. Our study
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results demonstrate the paradoxical effect of serum aldosterone on CV mortality in HD patients compared with the
general population. An elevated serum aldosterone level is
an established risk factor for LVH and myocardial fibrosis
in hypertensive patients without ESRD [21]. However, the
mechanisms behind this aldosterone paradox in HD patients are not well understood, and it has been argued that
this association may be due to confounding variables.
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Figure 2. Correlations between log-aldosterone and E/e’ ratio and log-aldosterone and serum albumin. E/e’ presented a negative
correlation (r = –0.435, p = 0.001) (A), while serum albumin demonstrated a positive correlation with log-aldosterone (r = 0.513, p <
0.001) (B).
Table 3. Baseline echocardiographic findings according to serum aldosterone level
Variable
LAD (mm)
LAVI (mL)
LVDd (mm)
IVSd (mm)
PWd (mm)
PAP (mmHg)
LVMI (g/m2)
LVH
E/e’ ratio
LVDD
EF (%)
LVSD

All (n = 60)
41.6 ± 7.3
37.3 ± 13.5
51.2 ± 7.0
10.6 ± 1.8
10.4 ± 1.9
38.9 ± 15.0
135.5 ± 43.8
30 (50.0)
17.2 ± 6.9
32 (53.3)
60.5 ± 9.6
5 (8.3)

Low aldosterone group (n = 30) High aldosterone group (n = 30)
42.3 ± 7.1
41.2 ± 6.7
40.8 ± 15.1
33.9 ± 10.9
52.2 ± 8.4
50.3 ± 5.2
10.6 ± 1.6
10.6 ± 2.0
10.6 ± 1.6
10.2 ± 2.2
41.2 ± 15.3
36.4 ± 14.6
141.6 ± 44.7
129.4 ± 42.7
18 (60.0)
12 (40.0)
21.0 ± 11.9
14.6 ± 5.3
20 (66.7)
12 (40.0)
57.2 ± 10.9
63.8 ± 6.9
4 (13.3)
1 (3.3)

p-value
0.55
0.05
0.03
0.89
0.43
0.23
0.29
0.12
0.01
0.04
0.007
0.35

Data are expressed as mean ± standard deviation or number (%).
LAD, left atrial dimension; LAVI, left atrial volume index; LVDd, end-diastolic left ventricular dimension; IVSd, interventricular septum thickness at end-diastole; PWd, posterior wall thickness at end-diastole; PAP, pulmonary artery pressure; LVMI, left ventricular mass index; LVH, left ventricular hypertrophy;
E, early diastolic mitral inflow velocity; e’, early diastolic mitral annular velocity; LVDD, left ventricular diastolic dysfunction; EF, ejection fraction; LVSD, left
ventricular systolic dysfunction.

Aldosterone is metabolized predominantly in the liver
and is excreted by the kidney. The serum concentration of
aldosterone is substantially raised in HD patients. Cooke
et al. [22] reported that no diurnal variation in the plasma
aldosterone concentration could be demonstrated in HD
patients. However, at least three factors play a role in the
regulation of aldosterone secretion, including (1) sodium or
volume-related stimuli mediated by the renin-angiotensin

system, (2) potassium level, and (3) level of adrenocorticotropic hormone. Therefore, both the IDWG and sodium intake can be important triggers that lead to an increase in the
plasma renin activity and aldosterone level. However, our
study could not determine whether patients’ pre-HD serum
aldosterone levels can be a surrogate for long-term IDWG
trends. As the glomerular filtration rate decreases, the plasma aldosterone level is inappropriately elevated relative to
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Table 4. Univariate and multivariate logistic regression analysis of LVDD

LAD (mm)
Log-aldosterone
Low aldosterone
LVMI (g/m2)
Age (yr)
Hypertension
Diabetes mellitus
Dialysis vintage (yr)
Female sex
IDWG (kg)
Hemoglobin (g/dL)
Albumin (g/dL)
Phosphorus (mg/dL)
Use of ACEI/ARB
SBP (mmHg)
DBP (mmHg)

Univariate
OR (95% CI)
1.29 (1.14–1.46)
0.52 (0.31–0.88)
3.00 (1.05–8.60)
1.02 (1.01–1.04)
1.03 (0.99–1.08)
2.33 (0.60–9.02)
2.26 (0.80–6.36)
1.02 (0.91–1.14)
2.31 (0.75–7.16)
1.17 (0.77–1.80)
0.92 (0.55–1.54)
0.82 (0.25–2.68)
1.21 (0.83–1.77)
0.59 (0.19–1.87)
1.04 (0.99–1.09)
1.03 (0.95–1.11)

Beta
0.251
–0.648
1.099
0.023
0.029
0.847
0.815
0.018
0.838
0.161
–0.088
–0.198
0.193
–0.526
0.038
0.024

p-value
<0.001
0.02
0.04
0.005
0.20
0.22
0.12
0.76
0.15
0.46
0.74
0.74
0.31
0.37
0.14
0.54

Beta
0.268
–0.910

Multivariate
OR (95% CI)
1.31 (1.11–1.54)
0.40 (0.19–0.86)

p-value
0.001
0.02

0.004

1.00 (0.98–1.03)

0.74

ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blocker; CI, confidence interval; DBP, diastolic blood pressure; IDWG, intradialytic weight gain; LAD, left atrial dimension; LVDD, left ventricular diastolic dysfunction; LVMI, left ventricular mass index; OR, odds ratio; SBP, systolic blood
pressure.
Covariates with p-values of <0.05 upon univariate analysis (n = 3) were included in the multivariate logistic analysis model, which used an enter method.
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Figure 3. Kaplan-Meier survival curves for cardiovascular mortality according to the medians of log-aldosterone. Seven-year
cardiovascular survival was significantly higher among patients
in the upper median of log-aldosterone than those in the lower
median of log-aldosterone (93.3% vs. 73.3%, log-rank test, p =
0.027).
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the accompanying extracellular fluid expansion [23].
A growing body of evidence links aldosterone excess to
an increased risk of CV mortality in the general population [7–9]. Patients with CKD also exhibit abnormally high
aldosterone levels and a greater CV risk [24]. However,
previous studies that have investigated the association between serum aldosterone and CV mortality in HD patients
have yielded inconsistent results. Abd ElHafeez et al. [21]
reported that the role of aldosterone as an inverse predictor
of mortality was negligible after adjusting for potential confounders, such as malnutrition, inflammation, and volume
biomarkers. In contrast, Drechsler et al. [25] found that
elevated aldosterone levels were associated with strongly
higher risks of sudden cardiac death in HD patients with diabetes. Our findings are consistent with those of Kohagura
et al. [10], which showed that a lower aldosterone level was
an independent predictor of mortality. They limited their
study to hypertensive HD patients and excluded patients
treated with RAAS inhibitors. In their study, the high aldosterone group had increased serum albumin and IDWG values and reduced CV and all-cause mortality rates. However,
in our study, the high aldosterone group did not have either
a higher IDWG or decreased non-CV mortality rates com-
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Table 5. Cox regression analysis of the predictors of cardiovascular mortality

Age (yr)
Log-aldosterone
Low aldosterone
Albumin (g/dL)
Phosphorus (mg/dL)
LAD (mm)
E/e’ ratioe
Hemoglobin (g/dL)
hs-CRP (mg/L)
Female sex
Diabetes mellitus
Hypertension
SBP (mmHg)
DBP (mmHg)
IDWG (kg)
Dialysis vintage (yr)
Total cholesterol (mg/dL)
Sodium (mEq/L)
Potassium (mEq/L)
Use of ACEI/ARB
Use of CCB
Use of a beta-blocker
Use of a statin

Univariate
OR (95% CI)
1.14 (1.06–1.22)
0.53 (0.37–0.76)
4.88 (1.03–23.09)
0.24 (0.06–0.94)
0.62 (0.39–0.99)
1.00 (0.92–1.09)
1.09 (1.00–1.20)
0.90 (0.48–1.68)
1.19 (0.93–1.54)
1.90 (0.40–8.96)
2.70 (0.70–10.44)
1.01 (0.21–4.75)
1.01 (0.95–1.07)
0.99 (0.90–1.09)
0.87 (0.53–1.45)
0.87 (0.69–1.09)
0.97 (0.98–1.02)
0.95 (0.79–1.14)
0.54 (0.23–1.25)
0.57 (0.16–2.00)
1.39 (0.36–5.39)
0.86 (0.25–2.98)
1.42 (0.18–11.21)

p-value
<0.001
<0.001
0.05
0.04
0.05
0.99
0.06
0.73
0.20
0.42
0.15
0.99
0.79
0.79
0.60
0.22
0.97
0.60
0.15
0.38
0.63
0.81
0.74

Multivariate
OR (95% CI)
1.17 (1.06–1.30)
0.46 (0.25–0.85)

p-value
0.003
0.01

5.46 (0.70–42.63)
1.10 (0.59–2.08)

0.12
0.76

1.24 (0.91–1.69)

0.17

0.92 (0.17–5.11)

0.93

ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blocker; CCB, calcium channel blocker; CI, confidence interval; DBP, diastolic
blood pressure; E, early diastolic mitral inflow velocity; e`, early diastolic mitral annular velocity; hs-CRP, high-sensitivity C-reactive protein; IDWG, intradialytic weight gain; OR, odds ratio; SBP, systolic blood pressure.
Covariates with p-values < 0.05 upon univariate analysis (n = 4), hs-CRP and use of ACEI/ARB were included in the multivariate logistic analysis model,
method with enter.

pared with the low aldosterone group. Hung et al. [11] also
demonstrated that a high aldosterone level was inversely
associated with decreased all-cause mortality and CV event
rates only during a state of volume overload. In contrast, our
subgroup analysis of the presence of excessive IDWG did
not show opposite survival curves (p = 0.79, Supplementary
Fig. 1A) and instead suggested that patients in the high aldosterone group without evidence of volume overload had
better survival (100.0% vs. 69.2%, p = 0.03) (Supplementary
Fig. 1B). Contrary to our expectations, the inverse association of aldosterone levels became profound in patients
without any volume overload. The difference between our
findings and the results of the two studies [10,11] mentioned above seemed to result from the differences in study
population, the operational definition of volume overload,
and the HD vintage. In our study, the group that did not

have excessive IDWG had a tendency to have a shorter HD
vintage, which may also have affected the results. Therefore,
further investigation is needed to reveal the relationship
among serum aldosterone, IDWG, and CV mortality.
LVDD develops early in most patients with cardiac diseases and leads to the elevation of LV filling pressure. Furthermore, it is an independent predictor of CV outcome.
However, an inverse relationship between aldosterone and
LVDD has not been established in HD patients. The prevalence and severity of LVDD gradually increase as renal function decreases, and it occurs in approximately 50% of HD
patients, even in those without current symptoms of heart
failure [26,27]. Similar to previous studies [28,29], our data
showed that LVDD and LVSD were present in 53.3% and
8.3% of HD patients, respectively. Numerous studies have
indicated that the E/e’ ratio was the best noninvasive pre-
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dictor of an elevated LV filling pressure and LVDD [30,31].
Franczyk-Skóra et al. [26] showed that the E/e’ ratio was
two-fold higher in patients with stage 5 CKD than in those
with stage 2 CKD, and it was also greater in patients on HD.
In addition to the E/e’ ratio, LAD is thought to reflect the LV
filling pressure and has been considered an integrator of
diastolic function over time. Therefore, this parameter provides diagnostic and prognostic information about LVDD
and chronicity of disease [32]. Our data also support LAD
as an independent risk factor for LVDD. By contrast, the
main mechanism underlying LVDD is LVH with myocardial interstitial fibrosis, which induces myocardial stiffness
and impairs heart function during diastole [33]. Among the
complex pathophysiological factors, the RAAS plays a crucial role in cardiac hypertrophy, fibrosis, and inflammation
[34]. However, our data demonstrated that low serum aldosterone level was associated with an increased risk of LVDD,
which is not in accordance with the suggested mechanism.
The etiology of the reverse epidemiology between aldosterone and CV outcome in HD patients remains unclear,
but several possible causes can be hypothesized. First, it
may be related to a survival bias [35]. Only a small proportion of CKD patients undergo dialysis; therefore, it is likely
that patients on HD have different CV risk factors. The factors that offer survival advantages to a small percentage of
patients remain unknown. Another possible explanation is
the malnutrition-inflammation complex. Serum albumin is
recognized as a marker of malnutrition and inflammation
and also is a strong predictor of CV outcome in HD [36]. A
previous study [24] showed that aldosterone was inversely
associated with inflammatory markers and directly associated with albumin, which suggested that the inflammation-protein wasting complex was the driving stimulus of
aldosterone in HD patients. Similarly, the present study
revealed a statistically significant positive relationship between serum aldosterone and albumin. Thus, aldosterone
may be a nutritional and/or inflammatory marker, especially in chronic HD patients. Several studies have reported a
possible association between inflammation and the pathophysiology of LVDD, although they did not include HD patients. Williams et al. [37] suggested that a higher CRP level
was related to LVDD but not to systolic dysfunction. Matsubara et al. [38] also showed that inflammatory markers
were elevated in patients with LVDD. More recently, Akin
et al. [39] demonstrated a significant association between
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LVDD and CRP elevation. The fact that the serum aldosterone level was higher in our study patients than in the general population [8] may imply that almost all HD patients
are already exposed to CV risks. We do not presume that
the serum aldosterone should be excluded from the CV risk
factors within this population but instead propose that increased aldosterone may provide some survival advantages
due to better nutrition and/or its postulated relationship
with anti-inflammatory mediators. Third, IDWG may have
been insufficient to adequately access patient volume status
in this study. The clinical evaluation of volume status using
IDWG has limitations since it does not necessarily correlate
with extracellular fluid volume expansion, and chronic fluid
overload could not be equivalent to IDWG [40].
This study had several limitations. First, this was a single-center study with small sample size. Second, an observational study may only provide an associative link but not
a causative link; therefore, we cannot rule out the possibility
of unmeasured confounding factors that influenced the
implications between aldosterone and CV outcomes. Third,
we did not perform bioimpedance spectroscopy to evaluate
the patients’ fluid status and did not evaluate the presence
of residual renal function. In addition, adherence to a lowsalt diet was not assessed objectively. Lastly, we did not
sequentially examine the echocardiographic parameters
or the patients for the presence of CV events or risk factors
(such as their nutritional, inflammatory, and volume status) during the follow-up period, which would have yielded
more informative results.
In conclusion, this study demonstrated that low serum
aldosterone level was not only inversely associated with
LVDD but also was an independent predictor of CV mortality among maintenance HD patients without a previous
history of CV disease regardless of IDWG. However, further
research and clinical trials are needed to reveal the impact
of aldosterone on cardiac function, malnutrition-inflammation complex, and CV outcomes in HD patients. Although
aldosterone levels are influenced by several factors, elevated levels of serum aldosterone were not associated with an
increase in CV mortality, at least in chronic HD patients.
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The effect of probiotic supplementation on systemic
inflammation in dialysis patients
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Background: Emerging evidence suggests that intestinal dysbiosis contributes to systemic inflammation and cardiovascular diseases
in dialysis patients. The purpose of this study was to evaluate the effects of probiotic supplementation on various inflammatory parameters in hemodialysis (HD) patients.
Methods: Twenty-two patients with maintenance HD were enrolled. These patients were treated twice a day with 2.0 ×1010 colony
forming units of a combination of Bifidobacterium bifidum BGN4 and Bifidobacterium longum BORI for 3 months. The microbiome
and fecal short-chain fatty acids (SCFAs) were analyzed. The percentages of CD14+ CD16+ proinflammatory monocytes and CD4+
CD25+ regulatory T-cells (Tregs) before and after probiotic supplementation were determined by flow cytometry. Serum levels of calprotectin and cytokine responses upon lipopolysaccharide (LPS) challenge were compared before and after probiotic supplementation.
Results: Fecal SCFAs increased significantly after probiotic supplementation. Serum levels of calprotectin and interleukin 6 upon LPS
stimulation significantly decreased. The anti-inflammatory effects of probiotics were associated with a significant increase in the percentage of CD4+ CD25+ Tregs (3.5% vs. 8.6%, p < 0.05) and also with a decrease of CD14+ CD16+ proinflammatory monocytes (310/
mm2 vs. 194/mm2, p < 0.05).
Conclusion: Probiotic supplementation reduced systemic inflammatory responses in HD patients and this effect was associated with
an increase in Tregs and a decrease in proinflammatory monocytes. Hence, targeting intestinal dysbiosis might be a novel strategy for
decreasing inflammation and cardiovascular risks in HD patients.
Keywords: Hemodialysis, Inflammation, Monocytes, Probiotics, Short-chain fatty acids, Regulatory T-lymphocytes

Introduction
Maladaptive and persistent inflammation has been recognized as an important player in the development of car-

diovascular diseases and also as a predictor of mortality in
patients with chronic kidney disease (CKD) [1,2]. Although
not completely understood, retention of uremic solutes,
oxidative stress, immune dysfunction, or dialysis-related
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factors including repeated exposure to dialysis membranes,
contaminated dialysis water, and, recently, intestinal dysbiosis, have been implicated as important culprits in the
development of chronic inflammation [3].
Significant alterations in the diversity and number of
operational taxonomic units (OTUs) associated with increased intestinal permeability have been demonstrated
in preclinical and clinical studies. Uremic milieu, slower
colonic transit time, bowel edema due to volume overload,
restrictions of fiber-rich diets, medications including phosphate binders, and frequent use of antibiotics might be
factors contributing to the generation and maintenance of
dysbiosis [3–5].
Probiotics are “live microorganisms that, when administered in adequate amounts, confer a health benefit to the
host” [6]. Probiotics have been shown to partially restore
normal intestinal microbiota and reduce the level of uremic toxins and systemic inflammation. A recent study by
Soleiman et al. [7] showed improvement of glycemic control and reduction in C-reactive protein (CRP) in diabetic
patients undergoing hemodialysis (HD). One of the mechanisms of probiotic-induced anti-inflammatory effects
might be mediated via immune modulation.
CD4+ CD25+ regulatory T-cells (Tregs) are a subpopulation of T-cells with regulatory function and have been
demonstrated to be effective in reducing inflammation [8].
CD14+ CD16+ nonclassical monocytes are a subset of proinflammatory monocytes which are increased in advanced
CKD patients [9]. Lee et al. [10] previously demonstrated
a positive correlation between these cells and vascular
stiffness, suggesting the possible important role of this
monocyte subset in increased cardiovascular risks in CKD
patients.
The purpose of this study was to assess the effect of probiotic supplementation on inflammation in maintenance
HD patients. We analyzed the microbiome, fecal shortchain fatty acids (SCFAs), and inflammatory responses
before and 3 months after probiotic supplementation. The
percentage of circulating Tregs and the number of CD14+
CD16+ monocytes were also measured by flow cytometry.
The effect of probiotic supplementation on these parameters was also examined 4 months after the discontinuation
of probiotics.

Methods
Study design
Enrolled patients included those aged ≥18 years undergoing maintenance dialysis for more than 3 months at Korea
University Anam Hospital, a tertiary hospital in Seoul,
South Korea, from November to December 2018. Exclusion criteria were patients who: (a) were on HD for acute
kidney injury; (b) were on HD less than twice per week;
(c) had uncontrolled diarrhea or gastrointestinal infection;
(d) were currently taking or had taken probiotics within 3
months; (e) were treated with oral or intravenous antibiotics within 4 weeks of enrollment; and (f ) were actively
being treated for cancer, or with immunosuppressive drugs
except for low dose steroid. The enrolled patients were
treated with sachets (2-g mixtures of probiotics containing
7.0 × 109 colony-forming units [CFU]/g of Bifidobacterium
bifidum BGN4 and 2.0 × 10 9 CFU/g of Bifidobacterium
longum BORI) twice per day for 3 months. Compliance was
checked by asking patients whether they took probiotics on
schedule before every HD session. Blood and fecal samples
were obtained at baseline and 3 and 7 months.
The study protocol was approved by the Institutional
Review Board of Korea University Medical Center (No.
2018AN0346). Written informed consent was provided by
all participants. The study was retrospectively registered in
Clinical Research Information Service (CRIS) (KCT0005417;
09/09/2020).
Laboratory measurements
Routine laboratory measurements including complete
blood counts with white blood cell differentials, CRP, albumin, blood urea nitrogen, creatinine, and electrolytes were
obtained before the dialysis session. Patients’ demographic
factors and current medications were also recorded.
Blood samples were centrifuged at 2,500 ×g for 15 minutes and stored at –80°C for calprotectin measurements.
Samples were analyzed using an enzyme-linked immunosorbent assay (LS-F9275; LSBio, Seattle, WA, USA) according to the manufacturer’s instructions.
Flow cytometric detection of regulatory T-cells and proinflammatory monocyte subsets
Blood samples were collected before the dialysis session.
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Whole blood (2.5 mL) was collected in a heparinized tube
and 200 µL aliquots of heparinized blood were stained for
15 minutes at room temperature with either anti-human
CD4 conjugated with allophycocyanin (CD4-APC), anti-human CD25 conjugated with phycoerythrin (CD25PE) antibodies for detection of Tregs, anti-human CD14
conjugated with fluorescein isothiocyanate (CD14-FITC),
or anti-human CD16 conjugated with allophycocyanin
(CD16-APC) antibodies for the detection of monocytes
(BD Biosciences, San Jose, CA, USA). After red blood cell
lysis and washing, flow cytometric detection of Tregs
and the CD14+ CD16+ proinflammatory monocyte subset
from among 106 cells was performed (FACSCalibur; BD
Biosciences) and analyzed by FlowJo version. 8.5.2 (BD
Biosciences). The percentage of cells or the actual number
of cells at baseline were compared to the values 3 months
after initiation of probiotic supplementation as well as 4
months after the discontinuation of probiotic treatment.
Quantification of cytokines before and after lipopolysaccharide challenge
Fold changes of cytokine production upon lipopolysaccharide (LPS) challenge were compared before and after 3
months of probiotic supplementation. Right after collecting whole blood in a heparinized tube, 2 mL of blood was
treated with or without 1 µg/mL of LPS (L2630; Sigma-Aldrich, St. Louis, MO, USA) for 24 hours in a 5% CO2 incubator at 37°C. The plasma was separated and stored at –20°C
until measurement. Quantification of plasma cytokines
was performed using human inflammation cytometric
bead array kits (BD Biosciences) and cytometric bead arrays (human inflammation kit; BD Biosciences) according
to the manufacturer’s instructions to simultaneously detect
levels of interleukin (IL)-1β, IL-6, IL-8, IL-10, IL-12p70, and
tumor necrosis factor-α.
Measurement of fecal short-chain fatty acids
The concentrations of SCFAs in fecal samples were analyzed using high-performance liquid chromatography in
the National Instrumentation Center for Environmental
Management at Seoul National University (Seoul, South
Korea). Feces were prepared in normal saline (300 µL per
1 g of feces). The fecal slurry supernatants were obtained

through centrifugation (2,100 ×g for 10 minutes). SCFAs,
including acetic, butyric, propionic, isovaleric, and valeric
acids, were measured before and 3 months after probiotic
supplementation.
Microbiome analysis
Sample DNA extraction and next generation sequencing
Bacterial genomic DNA was extracted from stool samples
using a QIAamp Fast DNA Stool Mini Kit (Qiagen, Hilden,
Germany). DNA extraction was performed after homogenization at 30 s for 1 minute using a TissueLyser system
(Qiagen) and quantified using a QUBIT 3.0 Fluorometer
(Thermo Fisher Scientific, Waltham, MA, USA). For next
generation sequencing (NGS), 16S ribosomal RNA (rRNA)
gene amplifications and index polymerase chain reactions
(PCRs) were performed following the Illumina 16S metagenomic Sequencing Library preparation guide (Illumina,
San Diego, CA, USA). The V3 and V4 regions of 16S rRNA
were amplified using the following primer pair (forward
5’–TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCCTACGGGNGGCWGCAG–3’, reverse 5’–TCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGACTACHVGGGTATCTAATCC–3’).
Nextera XT index kits (Illumina), using eight cycles, were
then used to fragment DNA and add adapter sequences
onto the DNA template. Each PCR product was purified
using AMPure XP beads (Beckman Coulter, Pasadena, CA,
USA). The amplicon library was sequenced by the 2 × 300
bp paired-end method on a Miseq instrument (Illumina)
according to the Illumina protocol.
Bioinformatics analysis
Raw sequencing data were analyzed via QIIME2 (https://
docs.qiime2.org/2019.7/) [11]. The fastq files were imported to QIIME2 using the ‘Casava 1.8 paired-end demultiplexed method’ and merged by DADA2 [12]. Filter parameters for trimming and truncating using the DADA2 plugin
were 0 and 140 to remove low-quality regions of sequences.
Feature tables and data generation (‘qiime feature-table
summarized’ and ‘qiime feature-table tabulate-seqs’), and
phylogenetic tree construction (‘qiime phylogeny-alignto-tree-mafft-fasttree’) were then performed. QIIME 2’s
statistical analyses were also performed using the diversity
plugin (“core-metrics-phylogenetic,” “alpha-group-sig-
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nificance,” and “beta-group- significance”). To perform
taxonomic classification, ‘Greengenes 13_8 99% OTUs fulllength sequences’ were used as 16S rRNA gene databases
[13,14].
Statistical analysis
All analyses were performed using IBM SPSS version 25.0
(IBM Corp., Armonk, NY, USA). Data are expressed as medians (interquartile ranges) according to the distribution.
Continuous variables (baseline, after 3 months) were compared using the Wilcoxon signed-rank test. A p-value of
<0.05 was considered significant.

Results
Baseline patient characteristics
Of the 22 patients enrolled, 18 completed the study (two
withdrew consent and two were hospitalized). The mean
age was 68.1 years, and 16 patients (72.7%) were male. All
patients received dialysis three times per week. The average time for receiving HD was 8 years (interquartile range,
4.3–11.8 years) and the prevalences of diabetes, hypertension, or histories of gastrointestinal surgeries were 18%,
81.5%, and 22%, respectively (Table 1). The percentages
of patients on various medications, including phosphate
binders, antacids, iron, and stool softeners, are reported in
Table 1.
The effect of probiotic supplementation on the microbiome and microbial metabolites
The richness expressed as Faith phylogenetic diversity, a sum
of the branch lengths of a phylogenetic tree, was not different
before and after probiotic supplementation (Fig. 1A). The
evenness of the microbiome, which represents a relative
abundance of the different species (Pielou’s evenness), was
also comparable (Fig. 1B).
We observed that the relative abundance of Prevotella,
Enterococcus, Alistipes, Clostridia, Escherichia-Shigella,
Klebsiella, and Bifidobacterium increased whereas Bacteroides, Faecalibacterium, Eubacterium siraeum, Tyzzerella,
Sutterella, and Akkermansia decreased after probiotic supplementation (Fig. 1C).
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Table 1. Patient demographic characteristics at baseline
Clinical characteristic
No. of patients
Age (yr)
Male sex
Body mass index (kg/m2)
Dialysis frequency (per week)
Dialysis vintage (yr)
Peritoneal dialysis history
Kidney transplantation history
Comorbidity
Hypertension
Heart failure
Ischemic heart disease
Gastrointestinal operation history
Cancer
Diabetes mellitus
Liver disease
Chronic obstructive pulmonary disease
Medication
Potassium binder
Statin
Phosphate binder
  Ca containing
  Non-Ca containing
Oral iron
Warfarin
Antacid
Steroid
Stool softener
Antihistamine

Data
22
70.5 (61.2–76.5)
16 (72.7)
22.4 (20.8–25.2)
3 (100)
6.5 (4.3–11.8)
8 (36.4)
2 (9.1)
18 (81.8)
10 (45.5)
8 (36.4)
5 (22.7)
5 (22.7)
4 (18.2)
3 (13.6)
2 (9.1)
19 (86.4)
14 (63.6)
19 (86.4)
9 (40.9)
10 (45.5)
8 (36.4)
4 (18.2)
3 (13.6)
3 (13.6)
2 (9.1)
1 (4.5)

Data are expressed as number only, median (interquartile range), or number (%).

However, despite lack of change in species richness
or evenness, we found probiotic supplementation for 3
months resulted in a significant increase of SCFAs such as
acetic, butyric, propionic, and valeric acids in feces (Fig. 2).
Effect of probiotic supplementation on inflammatory responses
Serum levels of CRP, albumin, calcium, phosphate, and
intact parathyroid hormone were comparable before and
after 3 months of probiotic supplementation. Hemoglobin, total white blood cell, and monocyte counts were also
comparable (Table 2). Serum calprotectin, a marker of
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Figure 1. Microbiome analysis. (A) Richness using Faith’s phylogenetic diversity (PD). (B) Community’s Pielou’s evenness. (C) Microbiome composition alteration at the genus level.

acute inflammation, decreased significantly after 3 months
of probiotic supplementation (7,030 ng/mL vs. 1,831 ng/
mL, p = 0.004) (Fig. 3A).
We also compared cytokine production upon LPS stimulation and found that the fold increase of IL-6 after LPS
stimulation significantly decreased 3 months after probiotic supplementation (Fig. 3B).

according to CD14 or CD16 positivity (Fig. 4A). Although
the percent monocytes did not change in complete blood
count, the actual number of CD14+ CD16+ proinflammatory, nonclassical monocytes decreased significantly after 3
months of probiotic supplementation (310/mm2 vs. 194/
mm2, p < 0.05) (Fig. 4B).
Effect of probiotic supplementation on regulatory T-cells

Effect of probiotic supplementation on CD14+CD16+proinflammatory monocyte subset
We assessed the impact of probiotic supplementation on circulating proinflammatory monocytes. Using flow cytometry,
monocyte subpopulations were divided into three different
subsets: classical, intermediate, and nonclassical monocytes

Circulating CD4+ CD25+ regulatory T-cells were identified
by flow cytometry (Fig. 5A). The percentage of circulating
CD4+ CD25+ Tregs increased from 3.5% at baseline to 8.6% 3
months after initiating probiotic supplementation (Fig. 5B).
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Figure 2. Effect of probiotic supplementation on fecal short-chain fatty acids level. (A) Acetic acid, (B) butyric acid, (C) propionic
acid, (D) isovaleric acid, and (E) valeric acid.
*p < 0.05, **p < 0.01 compared to baseline.

Regulatory T-cells and proinflammatory monocytes after
discontinuation of probiotic supplementation

analysis. A causal relationship between probiotic use and
infections was not clear.

The increased percentage of Tregs at 3 months after initiation of probiotic supplementation showed a complete
return to baseline levels 4 months after the discontinuation
of probiotics (Fig. 6A). The number of proinflammatory
monocytes that decreased after probiotic supplementation
also showed a trend to return to baseline after discontinuation of probiotic supplementation (p = 0.061) (Fig. 6B).
However, the decreased serum calprotectin level was
maintained after discontinuation of probiotics (Fig. 6C).

Discussion

Adverse effects
Two patients were hospitalized during the study period,
one for community-acquired pneumonia and the other
for calculous cholecystitis. They were dropped in the final
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In this study, we demonstrated that the probiotic combination of B. bifidum BGN4 and B. longum BORI had
anti-inflammatory and immunomodulatory effects in patients undergoing maintenance HD. Supplementation of
probiotics for 3 months resulted in increased SCFA levels
in feces. Serum calprotectin levels, as well as IL-6 response
upon LPS challenge, decreased significantly 3 months after
initiation of probiotic supplementation, and this anti-inflammatory effect was associated with a decreased number
of circulating proinflammatory, nonclassical monocytes
and an increased percentage of immunomodulatory Tregs.
However, this effect on circulating immune cells was transient and returned to baseline after discontinuation of the
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Table 2. Comparison of baseline and postprobiotics supplement for clinical parameters
Parameter
Hemoglobin (g/dL)
Platelet (×1,000/µL)
WBC (×1,000/µL)
Neutrophil (%)
Lymphocyte (%)
Monocytes (%)
Eosinophil (%)
Basophil (%)
hs-CRP (mg/L)
BUN, pre-HD (mg/dL)
Creatinine (mg/dL)
Na (mmol/L)
K (mmol/L)
Cl (mmol/L)
CO2, total (mmol/L)
Ca, total (mg/dL)
P (mg/dL)
Mg (mmol/L)
Uric acid (mg/dL)
Protein (g/dL)
Albumin (g/dL)
Total cholesterol (mg/dL)
AST (IU/L)
ALT (IU/L)
ALP (IU/L)
GGT (IU/L)
Bilirubin, total (mg/dL)
Glucose (mg/dL)
Kt/V
URR (%)
Postdialysis body weight (kg)

Baseline (n=22)
10.6 ± 1.1
167.0 ± 52.6
6,414 ± 2,197
60.7 ± 5.4
23.5 ± 5.4
9.8 ± 2.9
5.1 ± 3.1
0.8 ± 0.4
3.8 ± 6.9
57.5 ± 18.6
9.0 ± 2.4
138.2 ± 2.0
4.7 ± 0.8
101.0 ± 3.1
22.3 ± 2.7
9.0 ± 0.7
4.9 ± 1.5
1.1 ± 0.1
4.6 ± 1.2
6.7 ± 0.4
3.9 ± 0.3
118.7 ± 27.8
20.3. ± 9.2
16.4 ± 9.8
101.9 ± 49.3
25.0 ± 21.2
0.6 ± 0.2
96.0 ± 15.2
1.7 ± 0.2
75.1 ± 5.3
61.6 ± 11.4

3 Month (n=18)
10.3 ± 1.3
164.9 ± 56.3
5,739 ± 1,820
60.3 ± 5.7
23.8 ± 5.0
9.8 ± 2.4
5.3 ± 3.2
0.8 ± 0.4
4.2 ± 6.1
60.3 ± 15.4
9.3 ± 2.7
138.1 ± 2.7
4.6 ± 0.8
100.8 ± 3.4
21.7 ± 2.4
8.7 ± 0.7
5.3 ± 1.8
1.1 ± 0.1
5.1 ± 1.0
6.7 ± 0.5
4.0 ± 0.3
118.7 ± 41.7
21.2 ± 11.6
15.4 ± 4.0
94.1 ± 34.5
27.4 ± 26.3
0.6 ± 0.2
99.7 ± 15.5
1.7 ± 0.3
76.2 ± 4.71
61.2 ± 11.4

P-value
0.56
0.77
0.25
0.75
0.97
0.59
0.49
0.37
0.37
0.91
0.53
0.78
0.25
0.51
0.77
0.04
0.47
0.80
0.10
0.77
0.10
0.36
0.76
0.65
0.18
0.06
0.27
0.53
0.22
0.09
0.81

Data are expressed as mean ± standard deviation.
ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate transaminase; BUN, blood urea nitrogen; CRP, high-sensitivity C-reactive protein;
GGT, gamma-glutamyl transferase; HD, hemodialysis; URR, urea reduction ratio; WBC, white blood cell.

probiotics.
Emerging evidence shows that intestinal microbiota
plays an important role in both normal physiology as well
as in acute or chronic inflammatory conditions. Both qualitative and quantitative changes in microbiomes have been
reported in uremic animals as well as in patients. Chen
et al. [15] reported the increase of relative abundance of
Enterobacteriaceae, Ruminococcaceae, and Lachnospiraceae families in CKD patients and Sampaio-Maia et al. [16]
showed the decrease of butyrate-producing bacteria such
as Roseburia, Faecalibacterium, Clostridium, Coprococcus,

and Prevotella in end-stage kidney disease. Although we
observed that the relative abundance of Prevotella, Enterococcus, and Bifidobacterium increased whereas Bacteriodes
and Faecalibacterium decreased after probiotic supplementation, the exact role of this change remains uncertain.
However, a recent meta-analysis of eight studies with 261
patients suggested the potential beneficial effects of probiotics on inflammation, uremic toxins, and gastrointestinal
symptoms [17].
B. bifidum BGN4 and B. longum BORI were isolated from
the feces of healthy breast-fed infants and have been used
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Figure 3. Effect of probiotic supplementation on inflammatory markers. (A) Serum calprotectin level. (B) Fold increase of cytokines
after lipopolysaccharide stimulation.
IL, interleukin; TNF, tumor necrosis factor.
*p < 0.05, **p < 0.01, ***p < 0.001 compared to baseline.
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as probiotics since 2000 [18–20]. Their complete genomic sequences were reported to GenBank [21]. B. longum
BORI has been shown to shorten the duration of diarrhea
in a clinical study of infants infected with rotavirus [18]. A
safety assessment of B. bifidum BGN4 and B. longum BORI
concerning ammonia production, hemolysis of blood cells,
biogenic amine production, antimicrobial susceptibility
patterns, antibiotic resistance gene transferability, PCR
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data on antibiotic resistance genes, mucin degradation,
genome stability, and the presence of virulence factors has
been recently reported [22]. Both strains have been considered “generally recognized as safe” by the U.S. Food and
Drug Administration (GRN813 for B. longum BORI and
GRN814 for B. bifidum BGN4; https://www.accessdata.fda.
gov/scripts/fdcc/?set=GRASNotices).
CKD has emerged as a major cardiovascular risk factor
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and chronic inflammation is recognized as an important
player [23]. The intestine is the single largest organ of the
immune system, harboring the largest number of T-cells
and macrophages in our body and thus considered to be
a potent regulator of systemic immunity [24]. Therefore, it
can be hypothesized that a pre- or probiotic-induced beneficial effect might be mediated by effects on immune cells.
In our previous study, we demonstrated that probiotics
directly expanded CD11c + CD103+ regulatory dendritic
cells in vitro and percentages of regulatory dendritic cells
increased significantly in probiotic-fed CKD mice, showing
the possible direct effect of probiotics on immune cells [5].

In this study, we first observed that probiotic supplementation resulted in decreased numbers of proinflammatory
monocytes. Monocytes are cells of the innate immune
system and have heterogeneous phenotypes according to
surface expression of CD14 or CD16 proteins [25]. Among
them, CD14+ CD16+ are nonclassical monocytes that have
been known to invade the endothelium and cause plaque
formation in the general population and in patients with
CKD [9]. We also demonstrated the expansion of these
subsets and their associations with CRP and vascular stiffness in patients with advanced CKD [10]. A significant decrease in the actual number of CD14+ CD16+ nonclassical
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monocytes after probiotic supplementation suggests that
the anti-inflammatory effect of probiotics could be partially mediated by inhibitory effects on the proinflammatory
monocyte subset.
In addition to monocytes, we compared the percentage
and number of circulating Tregs before and after probiotic
supplementation and observed that the percentage of CD4+
CD25+ cells in blood showed a significant increase after 3
months of probiotic supplementation. Mahajan et al. [26]
showed that Tregs protect against constant macrophage inflammation and reduce proinflammatory cytokine production in murine CKD models. Impaired Treg function was
also observed in CKD patients, leading to chronic inflammation and subsequent atherosclerosis and cardiovascular
diseases [27]. Wang et al. [28] also demonstrated that CKD
patients with cognitive dysfunction who had increased percentages of Tregs showed significantly higher mini-mental
state examination scores than those with reduced percentages of Tregs.
Given this potent immune suppressive function, expansion of circulating Tregs after probiotic supplementation
is likely contribute to anti-inflammatory effect in our patients despite the possibility that CD25 positivity does not
exclusively represent Tregs. However, we observed that the
increased percentage of Tregs returned to baseline in all
patients 4 months after the discontinuation of probiotics,
suggesting the effect was only transient. There was no difference in the number of nonclassical monocytes 4 months
after the discontinuation of probiotics.
We observed that serum calprotectin levels, as well as
fold increases of IL-6 after the LPS challenge, decreased
significantly after probiotic supplementation. Calprotectin
is a heterodimeric complex of two S100 calcium-binding
proteins; myeloid-related protein (MRP)-8 and MRP-14,
which are mainly expressed in neutrophils and monocytes.
Although calprotectin was originally known as a novel biomarker of disease activity in patients with inflammatory
bowel disease when measured in feces, recent data suggest
that serum calprotectin levels can be a useful biomarker of
disease activity in several acute and chronic inflammatory
conditions [29,30]. Serum and urine calprotectin have been
demonstrated to be associated with the severity of renal
injuries and endothelial dysfunction in Henoch-Schönlein purpura as well as anti-neutrophil cytoplasmic antibody-associated vasculitis even if CRP levels are not elevat-
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ed [31,32]. As calprotectin is mainly produced by activated
monocytes and neutrophils, decrease of calprotectin after
probiotic supplementation is likely to be associated with
decrease of CD14+ CD16+ proinflammatory monocytes.
Although we observed that calprotectin levels decreased
significantly after 3 months of probiotic supplementation,
the usefulness of serum calprotectin levels as a sensitive
marker of inflammation in patients with CKD or HD requires further examination.
IL-6 has been demonstrated to be an important player in
the progression of CKD [33]. It exacerbates inflammation
as well as endothelial injury by reducing endothelial nitric
oxide synthase and injection of recombinant IL-6 exacerbates atherosclerosis in mice [34]. Our data showing that
the fold increase of IL-6 upon LPS challenge significantly
decreased after 3 months of probiotic supplementation
also support its anti-inflammatory effect. This is also in line
with previous studies showing decreased levels of IL-6 after
6-month supplementation of probiotics in peritoneal dialysis patients [35].
Various metabolites produced by intestinal microbiota
are important in both normal physiology and in pathological conditions. SCFAs are bacterial fermentation products
with pleiotropic functions including lipid regulation, energy metabolism, and immune regulation via interaction
with G protein-coupled receptors (GPCR), histone deacetylases, or direct humoral effects [36]. They are known to be
important in colonocyte survival, maintaining barrier integrity and immune modulation [37]. In contrast, excessive
production of trimethylamine due to the consumption of
an animal protein-rich diet has been shown to be associated with atherosclerosis and cardiovascular diseases [38].
In our study, we observed that the levels of acetic, butyric,
propionic, and valeric acids increased significantly after
3 months of probiotic supplementation. Relative increase
of Bifidobacterium, Ruminococcaceae, and Prevotella, well
known as butyrate producers, might be responsible for
this result [39]. Given that SCFAs have immunomodulatory effects, it is possible that significantly elevated levels
of SCFAs during the probiotic supplementation might be
responsible for decreased proinflammatory monocytes
and expansion of Tregs. SCFAs such as butyrate have been
demonstrated to induce Treg expansion directly or via IL10 upon binding to GPCR [40]. This would have caused
increased levels of Tregs in this study.
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Even though our data show that probiotics elicited a very
potent anti-inflammatory effect, two of the patients in our
study required hospitalization. One patient was diagnosed
with calculous cholecystitis, underwent a laparoscopic
cholecystectomy, and was administered systemic antibiotics. The second patient was diagnosed with community-acquired pneumonia after 1 month of probiotic supplementation and was discharged after 5 days of systemic
antibiotic therapy. Although a causal relationship between
probiotic use and serious infections in this study was not
clear, one should always be aware that excessive suppression of inflammatory responses might increase the risk of
infections.
This study has several limitations. First, only a small
number of patients participated, and it was not a randomized-controlled or crossover study. A low prevalence of
diabetes was probably due to the small sample size and
selection bias. Second, no control group was available to
compare the results of probiotics supplementation. Also,
defining Tregs by only CD25 positivity is another limitation. Additional markers such as Foxp3 would have helped
further isolate functional Tregs.
In conclusion, probiotic combinations of B. bifidum
BGN4 and B. longum BORI reduced systemic inflammatory responses and this effect was partially mediated by an
increase of Tregs and a decrease of the nonclassical proinflammatory monocyte subset. Larger-scale clinical studies
testing the components of microbiota or their metabolites
and assessing the effects on long-term outcomes in dialysis
patients are needed.
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Background: Long-term outcomes of live kidney donors remain controversial, although this information is crucial for selecting potential donors. Thus, this study compared the long-term risk of all-cause mortality between live kidney donors and healthy control.
Methods: We performed a retrospective cohort study including donors from seven tertiary hospitals in South Korea. Persons who underwent voluntary health screening were included as controls. We created a matched control group considering age, sex, era, body
mass index, baseline hypertension, diabetes, estimated glomerular filtration rate, and dipstick albuminuria. The study outcome was
progression to end-stage kidney disease (ESKD), and all-cause mortality as identified in the linked claims database.
Results: We screened 1,878 kidney donors and 78,115 health screening examinees from 2003 to 2016. After matching, 1,701 persons remained in each group. The median age of the matched study subjects was 44 years, and 46.6% were male. Among the study
subjects, 2.7% and 16.6% had underlying diabetes and hypertension, respectively. There were no ESKD events in the matched donor
and control groups. There were 24 (1.4%) and 12 mortality cases (0.7%) in the matched donor and control groups, respectively. In the
age-sex adjusted model, the risk for all-cause mortality was significantly higher in the donor group than in the control group. However,
the significance was not retained after socioeconomic status was included as a covariate (adjusted hazard ratio, 1.82; 95% confidence interval, 0.87–3.80).
Conclusion: All-cause mortality was similar in live kidney donors and matched non-donor healthy controls with similar health status
and socioeconomic status in the Korean population.
Keywords: End-stage kidney disease, Living donors, Mortality, Risk assessment, Prognosis

Introduction
Kidney transplantation from living donors is the best treatment option for end-stage kidney disease (ESKD). Even

considering graft and patient survival, living donor kidney
transplantation has shown superior outcomes for recipients
compared to kidney transplantation from deceased donors
[1]. However, living donor kidney transplantation requires
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meticulous considerations regarding various medical, ethical, and moral issues. Considering the complex circumstances surrounding kidney transplantation, living donors
might not consider adequately the long-term medical risks
of nephrectomy. Physicians managing live kidney donors
should recognize these risks and help donors to make reasonable decisions based on scientific evidence.
Long-term safety issues regarding kidney function recovery, quality of life, and the risk of progression to ESKD
and all-cause mortality remain controversial. Studies from
the United States [2], Canada [3], and South Korea [4] using
matched non-donor comparators demonstrated that live
kidney donors had similar mortality risks to individuals
with a similar baseline health status. However, a Norwegian
study reported higher mortality risk for live kidney donors
compared with matched controls. A recent meta-analysis
showed the absence of a definite increase in the risk of mortality [5]. The estimates of the long-term effects of donor
nephrectomy regarding ESKD increased by 8 to 11 times in
recent data from a large cohort [1,6,7].
These controversial results are attributed partially to incomplete follow-up medical records for live kidney donors,
leading to difficulties in ascertaining long-term medical
complications [8]. In addition, selecting individuals who
have similar health statuses to donors is crucial for valid
comparisons. Pre-existing studies used various comparators, including the general population [5,9–12], non-donating siblings [13,14], or healthy volunteers [5,15,16]. Living
donors are selected only after careful evaluation that confirms a health status that satisfies the donor criteria, indicating that living donors are healthier than the general population [4]. Since they are highly likely to share the inheritance
of kidney disease, hypertension, and diabetes, the effect of
donor nephrectomy alone might not be identified when
comparing non-sibling donors [13,17]. Moreover, most of
the above studies adopted controls from population-based
administrative data or self-questionnaires instead of objective medical records. It is important to establish healthy
non-donor comparators to determine the risks of kidney
donation.
Recently, we showed that the mortality risk of Korean
live kidney donors did not exceed that of non-donor comparators with similar health status [4]. This previous study
was limited by its single-center design; thus, in the current
study, we aimed to clarify the long-term risk of all-cause

mortality in live kidney donors and healthy non-donor
controls from seven national university-affiliated medical
centers in South Korea. We linked the medical records of
the donors and controls to the National Health Insurance
Service (NHIS) database of South Korea to include the nationwide occurrence of mortality.

Methods
Ethical approval
This study was approved by the Institutional Review Board
(IRB) of each participating clinical center as follows: Seoul
National University Hospital (No. H-1903-116-1019), Seoul
National University Bundang Hospital (No. B-1905/540402), Seoul National Hospital Boramae Medical Center (No.
20190422/30-2019-28/053), Jeonbuk National University
Hospital (No. CUH 2019-05-068), Chonnam National University Hospital (No. CNUH-2019-163), Kyungpook National
University Hospital (No. 2019-04-014-001), and Pusan National University Hospital (No. H-1905-018-079). The IRBs
waived the requirement for informed consent as the study
analyzed an anonymous database provided by the NHIS of
South Korea. The study was consistent with the principles
of the Declaration of Istanbul.
Study setting
This study was a retrospective multicenter study performed
in seven national university-affiliated hospitals in South
Korea. The study included living kidney transplantation donors and a control group that included people who voluntarily received general health screenings. Donors received
routine cardiac screenings (e.g., electrocardiogram) before
their kidney donations. In addition to the basic analysis,
further matching was performed to secure compatibility
between the two groups. Baseline information was collected by electronic medical record review in each center to
provide more detailed information compared to using the
claims database. Further, outcome details were collected
from the national claims database of the NHIS of Korea,
which generally provides health insurance for all Koreans.
The outcome details included both intra-center outcomes
and all the outcomes that occurred within South Korea.
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Study population
The donor group included live kidney donors from 2003 to
2016. The matched healthy non-donor control group included subjects who received general health screenings in
one of the hospitals during the same period [4,18,19]. As the
control group included individuals with various medical
conditions, we initially excluded those who overlapped with
the donor group and who had an estimated glomerular filtration rate (eGFR) less than 50 mL/min/1.73 m2. We additionally excluded the study subjects, both donors and controls, according to data availability, including those without
identifiable follow-up data in the claims database and those
without information regarding important covariates such as
age, sex, diabetes mellitus, hypertension, body mass index,
eGFR, or dipstick urine results.
Ascertainment of outcomes
The primary study outcome was all-cause mortality. The
NHIS database includes nationwide mortality information
through issued death certificates. Mortality outcomes were
identified through December 31, 2018.
Data collection
The baseline covariates were collected from electronic
medical records and comprised age, sex, body mass index,
history of diabetes mellitus, hypertension, serum creatinine
level, eGFR based on the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) method [20,21], dipstick
albuminuria results, baseline systolic and diastolic blood
pressures, and levels of plasma hemoglobin and serum uric
acid. In addition, we obtained information on economic
status and area of residence from the NHIS database as the
socioeconomic status variables; these two variables might
affect long-term individual and kidney outcomes. Economic status represented by wealth percentile was collected
and stratified based on the health insurance fee in the year
of baseline assessment. The information was stratified into
aided (the poorest group receiving insurance aid from the
government) and quartile (1st–25th, 26th–50th, 51st–75th,
and 76th–100th percentile) groups. Areas of residence were
stratified as rural or urban, including the capital and metropolitan cities, based on the individual’s registered address in
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the NHIS system. We collected events regarding progression
to ESKD through claims information, which issues specific
codes for ESKD, as the status receives additional insurance
coverage in Korea.
Matching process
In addition to the basic analysis, we additionally conducted
an analysis with a matched dataset. We used direct matching based on the following variables: age (allowing intervals
of ±5 years and ≥60 years or not), sex, era (allowing intervals
of ±3 years), body mass index (≥25 kg/m2 or not according
to the Korean obesity guidelines [22]), presence of prior diabetes mellitus and hypertension, eGFR (allowing intervals
of ±10 mL/min/1.73 m2), and presence of dipstick albuminuria (negative/trace or ≥1+). Subjects without a match
were excluded from the analysis of the matched datasets.
Although socioeconomic status was considered initially
as a possible matching variable, because of the very large
differences in the distribution of status, the variable instead
was included as a covariate in the multivariable model. To
assess the potential bias resulting from the matching process, we performed bootstrap matching 1,000 times and investigated the distribution of p-values and effect sizes in the
multivariable-adjusted model.
Statistical analysis
Categorical variables are presented as number (%) and
continuous variables are presented as median (interquartile range [IQR]). Univariable, age- and sex-adjusted, and
multivariable Cox regression models were constructed. The
multivariable model included baseline age, sex, time period (2003–2008, 2009–2012, 2013–2016), history of diabetes
mellitus or hypertension, body mass index (≥25 kg/m2 or
not), dipstick albuminuria (negative/trace or ≥1+), baseline
eGFR, economic status, and region of residence. The results before and after the matching process are presented.
Additional analyses to identify the risk factors for all-cause
mortality were conducted, and the analyses included all
the donors from 2003 to 2016. In the analyses, all collected
variables were investigated for a significant association
with progression to ESKD or all-cause mortality. Age (≥60
years or less) and eGFR (≥80 mL/min/1.73 m2 or less) were
recategorized according to the suggested definition for the
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extended criteria donor. In the risk factor analysis, univariable and multivariable logistic regression analyses were employed, and in the multivariable model, the backward-elimination method was used to identify significant risk factors
for adverse study outcomes. There was no missing information in the regression models. All statistical analyses were
performed using R version 3.6.2 (R Foundation for Statistical Computing, Vienna, Austria), and two-sided p-values of
<0.05 were considered to indicate statistical significance.

Results
Study population
We collected 3,456 donor cases from electronic medical
record reviews in the study hospitals (Fig. 1). Among them,
1,578 cases underwent their donations at times other than
2003 to 2016 and thus were excluded. Among the remaining
1,878 donors and 78,115 healthy controls from 2003 to 2016,
1,751 donors and 71,903 healthy controls were included in
this study after applying the exclusion criteria. As we could
not find exactly matched controls for 50 of the donors, the
matched data set included 1,701 donors and the same number of healthy controls.
Characteristics of the study population
The baseline characteristics before and after the matching
process involving all the subjects are presented in Table
1 and Supplementary Table 1 (available online). Before
matching, the donors had a relatively lower median age,
in addition to lower proportions of male sex, obesity, diabetes mellitus, hypertension, and dipstick albuminuria.
They also had higher eGFR values. Regarding economic
status or region of residence, the controls had higher wealth
percentiles and lived more in urban areas. After matching,
the imbalance in the matched variables was no longer observed; however, the matched controls had higher wealth
percentiles and higher proportions of urban residence. The
prevalence of hypertension was 16.6 % and that of diabetes
was 2.7%. There were 1.6% of matched donors/controls
who had dipstick albuminuria.
Before and after matching, no donors progressed to ESKD
in the study population. In contrast, 128 healthy controls

progressed to ESKD before matching, but none of the controls had ESKD events after matching.
Risks of all-cause mortality
Before matching, we identified 24 mortality events (incidence
rate, 1.64/1,000 person-years; average age at death, 55.1 ±
15.6 years old; average time from index date to death, 6.6 ±
4.5 years) in the donors and 2,533 mortality events (incidence
rate, 3.04/1,000 person-years; average age at death, 62.8 ±
11.6 years old; average time from index date to death, 7.8 ± 4.1
years) in the healthy controls during the median follow-up
duration of 12.5 years (IQR, 9.4–14.4 years) (Table 2). In the
univariable model, the donors had a lower risk of all-cause
mortality than the controls, but the reverse was noted in
the age-sex adjusted model. However, with additional consideration for economic status or regions of residence, the
difference in mortality risk was nonsignificant. After matching, while the matched donors had 24 mortality events (incidence rate, 1.68/1,000 person-years; average age at death,
48.5 ± 14.7 years old; average time from index date to death,
6.6 ± 4.5 years) during the median follow-up duration of 7.7
years (IQR, 4.8–11.8 years), the matched control group had
12 death cases (incidence rate, 0.83/1,000 person-years;
average age at death, 49.8 ± 14.2 years old; average time
from index date to death, 6.1 ± 4.4 years) during the median
follow-up duration of 7.8 years (IQR, 5.0–12.0 years). The
survival analysis showed that the difference in risk of mortality was nonsignificant after consideration for region of
residence and economic status, similar to the results before
the matching process. When we performed bootstrapping
for matching (Table 3), the most (99.4%) adjusted multivariable model yielded nonsignificant results.
Risk factors for all-cause mortality in living donors
Regarding risk factors, among the 1,751 donors, including
the total cases before matching, from 2003 to 2016, age ≥
60 years was a risk factor for all-cause mortality in the univariable analysis, and it was the only variable that remained
after the backward-elimination method (Table 4). Other
variables were not significantly associated with the risk of
mortality in the donors.
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Donor cases collected from electronic medical
record review from 7 tertiary hospitals (n = 3,456)
(SNUH, KNUH, CNUH, JBUH, SNUBH, PNUH,
BRMH)

Donation out of the study period (n = 1,578)
(SNUH, KNUH, CNUH, JNUH, SNUBH, PNUH,
BRMH)

1,878 Donors from 7 tertiary referral
hospitals in South Korea
from 2003 to 2016

78,115 Health screening
examinees from SNUH
from 2003 to 2016

Initial exclusion of controls
1) Overlap with donors (n = 15)
2) eGFR < 50 mL/min/1.73 m2 (n = 750)
3) Underlying ESKD (n = 48)

Missing in matching covariates or no follow-up
information (n = 127 donors and 5,399 controls)

1,751 Donors and 71,903 health screenings
examinees
from 2003 to 2016

Matching for age, sex, inclusion era, obesity,
diabetes mellitus, eGFR, and albuminuria

Matched 1,701 donors and controls

Figure 1. Flow chart showing inclusion and exclusion of kidney donors and non-donor controls. BRMH, Seoul National University
Hospital Boramae Medical Center; CNUH, Chonnam National University Hospital; eGFR, estimated glomerular filtration rate; ESKD,
end-stage kidney disease; JBUH, Jeonbuk National University Hospital; KNUH, Kyungpook National University Hospital; PNUH, Pusan
National University Hospital; SNUBH, Seoul National University Bundang Hospital; SNUH, Seoul National University Hospital.

Discussion
In this multicenter observational study in South Korea, we
identified that the prognosis of live kidney donors was comparable to that of healthy individuals when socioeconomic
status was considered. This study suggests that, in this Korean population, the survival of living donors is generally
similar to that of healthy individuals.
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Because living donors donate kidneys despite perioperative risks and surgical complications, it is essential to
provide accurate information regarding the long-term risks
and safety of this procedure. However, most live kidney donor studies have been conducted in the Western population
[1–3,6,23,24], with a lack of data for Asians. As the proportion of live kidney transplantations is not only substantial
but also gradually increasing in South Korea [25], this study
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Table 1. Baseline characteristics
Characteristic
Matched variable
Agea (yr)
  ≥60
Sexa
  Male
  Female
Body mass index (kg/m2)
  ≥25a
Underlying disease
  Diabetes mellitusa
  Hypertensiona
Creatinine (mg/dL)
eGFRa (mL/min/1.73 m2)
Dipstick albuminuriaa (≥1+)
Unmatched variable
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Hemoglobin (g/dL)
Uric acid (mg/dL)
Wealth percentile
  0 (aided)
  1st–25th
  26th–50th
  51st–75th
  76th–100th
Place of residence
  Rural
  Urban

Donor (n = 1,701)

After matching
Control (n = 1,701)

p-value

44.0 (35.0–52.0)
107 (6.3)

44.0 (36.0–52.0)
107 (6.3)

792 (46.6)
909 (53.4)
23.4 (21.6–25.4)
512 (30.1)

792 (46.6)
909 (53.4)
23.1 (21.0–25.4)
512 (30.1)

0.002
>0.99

46 (2.7)
283 (16.6)
0.8 (0.7–0.9)
100.3 (89.0–108.9)
28 (1.6)

46 (2.7)
283 (16.6)
0.8 (0.7–0.9)
100.1 (89.1–108.5)
28 (1.6)

>0.99
>0.99
0.51
0.46
>0.99

120.0 (110.0–130.0)
73.0 (67.0–80.0)
13.7 (12.7–15.0)
4.8 (4.0–5.9)

118.0 (109.0–129.0)
72.0 (65.0–79.0)
14.2 (13.1–15.4)
5.1 (4.2–6.2)

0.39
0.002
<0.001
<0.001
<0.001

68 (4.0)
332 (19.5)
378 (22.2)
426 (25.0)
497 (29.2)

2 (0.1)
174 (10.2)
198 (11.6)
369 (21.7)
958 (56.3)

588 (34.6)
1,113 (65.4)

269 (15.8)
1,432 (84.2)

0.64
>0.99
>0.99

<0.001

Data are expressed as median (interquartile range) or number (%).
eGFR, estimated glomerular filtration rate.
a
Directly matched variables.

is important to clarify the long-term mortality of living donors, especially in the Korean population. We compared
long-term all-cause mortality outcomes of live kidney donors using a well-characterized non-donor control group
with similar health status and found it comparable all-cause
mortality in the two groups. This was shown repeatedly in
the sensitivity analysis using the bootstrap method.
There are some difficulties in conducting studies for live
kidney donors. First, because live kidney donors are determined after detailed health screening tests, it is important
to select a comparative group with similar health status.
Additionally, because living donors are healthy individuals,
long-term follow-up is required to observe notable clinical

outcomes such as ESKD and mortality. Although several
studies have compared live kidney donors with matched
comparison groups, some studies [2–4] have reported that
donors had similar mortality risks compared to matched
controls, but a large-scale Norwegian study [1] showed a
higher mortality risk for donors. Thus, there are some controversies to date regarding the long-term risks of live kidney donors (Table 5).
In a single-center study in South Korea by Kim et al.
[4], which was the first report to include long-term mortality data in an Asian population, the mean follow-up
duration was 12 years, and the risks of all-cause mortality
were similar between live kidney donors and the matched
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Table 2. Risk of all-cause mortality in the donors and controls from 2003 to 2016
Matching and group
Before matching
Donor
Control
After matching
Donor
Control

Outcome/
subjects (n)

Univariable model
HR (95% CI)
p-value

Age-sex adjusted model
Adjusted HR (95% CI) p-value

Multivariable modela
Adjusted HR (95% CI) p-value

24/1,751
2,533/71,903

0.60 (0.40–0.90) 0.01
Reference

1.68 (1.12–2.52)
Reference

0.01

1.41 (0.94–2.13)
Reference

0.10

24/1,701
12/1,701

2.01 (1.01–4.03)
Reference

2.00 (1.00–4.00)
Reference

0.05

1.82 (0.87–3.80)

0.11

0.05

CI, confidence interval; HR, hazard ratio.
a
Adjusted for age, sex, era, history of diabetes mellitus, hypertension, body mass index, dipstick albuminuria, baseline estimated glomerular filtration rate,
economic status, and region of residence (urban or rural).

Table 3. Results bootstrapped for 1,000 iterations of the matching process with the matched population included from 2003 to 2016
Variable
Univariable model
Age- and sex-adjusted model
Multivariable model

No. of p < 0.05
526
424
60

p-value (IQR)
0.05 (0.03–0.10)
0.05 (0.03–0.11)
0.13 (0.08–0.20)

HR (IQR)
2.01 (1.73–2.20)
2.00 (1.72–2.18)
1.76 (1.59–1.94)

No. of HR > 1
1,000
1,000
1,000

No. of HR > 2
524
371
181

HR, hazard ratio; IQR, interquartile range.

comparison group. However, their study was limited by
its single-center nature, the enrollment of 7.7% of patients
with a follow-up period of <1 year, and evaluation of allcause mortality alone without considering ESKD. Although
our study used a similar comparator group as this previous
study, there are several differences between the two studies.
Our current study was a multicenter study that included
seven national universities across South Korea and acquired ample detailed clinical outcome data by linking electrical medical records and administrative data from NHIS.
The current study, which complements the previous study,
showed that the long-term rates of all-cause mortality of
donors and non-donors were similar, particularly when the
baseline socioeconomic status was considered. Moreover, it
is noteworthy that the absolute numbers of ESKD and mortality events of live kidney donors are small in South Korea,
indicating that live kidney donation is a safe procedure in
this population.
Considering that more diabetic and hypertensive patients
were included than in other studies, the absolute outcome
risk in this Korean population might be low (Table 5). The
exact mechanism of this phenomenon is unknown, but
Asians are considered to have lower metabolic risks for
adverse health outcomes such as obesity [26] and diabetes
mellitus [27,28] compared to Western populations.
An important finding in the present study is that socio-
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economic status was the major confounding factor for
mortality outcomes [29,30]. Differences in socioeconomic
status and area of residence were observed between the
matched donors and the non-donor healthy controls. Because these differences were notable, these two variables
could not be included as matching variables. Because the
matched non-donor healthy controls included in this study
self-funded their voluntary medical check-ups, it is likely
that their socioeconomic status and interest in health were
higher than those of the donors. Thus, we conducted an
analysis including socioeconomic status and region of residence as covariates. The significant difference in mortality
was not observed in the multivariable analysis when both
variables were included as covariates. This means that socioeconomic status might be a major confounder regarding
the risk of long-term donor mortality, which is evident in
the general population of those with chronic kidney disease
[31,32]. Further studies are needed to clarify the impact of
socioeconomic status on the long-term outcomes of kidney
donors owing to the limited evidence regarding this subject.
Moreover, our study suggests the importance of considering
socioeconomic status when comparing the prognoses of
living donors to those of healthy individuals.
There are some limitations to this study. First, the hospitals included in this study might have different donor
management programs and exclusion criteria according to
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Table 4. Risk factors for all-cause mortality in all donors during 2003 to 2016
Variable
Age (yr)
<60
≥60
Sex
Male
Female
Body mass index (kg/m2)
<25
≥25
eGFR (mL/min/1.73 m2)
<80
≥80
Dipstick albuminuria
Trace or –
≥1+
Diabetes mellitus
No
Yes
Hypertension
No
Yes
Wealth percentile
0 (aided)
1st–25th
26th–50th
51st–75th
76th–100th
Place of residence
Rural
Urban
Relation
Parent-sibling
Brothers, sisters, or other relatives
Unrelated
Operation method
Laparoscopy
Open
Donated kidney side
Left
Right

No. of donors

Event

Univariable model
HR (95% CI)
p-value

1,644
107

19
5

Reference
6.05 (2.23–16.36) <0.001

829
922

12
12

Reference
0.96 (0.43–2.14)

0.92

1,220
531

18
6

Reference
0.85 (0.34–2.13)

0.72

174
1,577

4
20

Reference
0.74 (0.25–2.18)

0.59

1,722
29

24
0

Reference
NA

1,702
49

24
0

Reference
NA

1,458
293

20
4

Reference
1.09 (0.37–3.19)

68
346
390
438
509

Reference
1.33 (0.16–11.43) 0.79
1.38 (0.17–11.46) 0.77
1.00 (0.12–8.55) >0.99
1.19 (0.15–9.66)
0.87

610
1,141

1
5
6
5
7
24
9
15

Reference
0.91 (0.40–2.08)

0.82

669
546
533

10
9
5

Reference
0.86 (0.35–2.11)
0.64 (0.22–1.86)

0.74
0.41

1,232
320

17
4

Reference
0.40 (0.13–1.27)

0.12

1,616
131

21
2

Reference
0.93 (0.22–3.99)

0.93

Multivariable modela
Adjusted HR (95% CI) p-value

6.50 (2.39–17.68)

<0.001

0.88

The effect sizes in the multivariable model were different from those in the univariable model, although a single variable (age ≥ 60 years) remained after
backward elimination because the multivariable analysis was performed with 1,744 individuals due to missing data for the considered variables.
CI, confidence interval; eGFR, estimated glomerular filtration rate; HR, hazard ratio; NA, not applicable.
a
By backward-elimination method.
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Table 5. Comparison of baseline characteristics and follow-up durations with those of previous retrospective studies on long-term risk
after living kidney donation
Mjøen et al. [1]
Muzaale et al. [6]
Segev et al. [2]
(2014)
(2014)
(2010)
No. of donors
1,701
1,901
96,217
80,347
Control
Subjects who received HUNT 1 including BP NHANES III after
NHANES III after
general health
≤ 140/90 mmHg,
excluding those with excluding those with
screenings voluntarily BMI ≤ 30 kg/m2,
contraindications to contraindications to
and those who rated kidney donation
kidney donation
their own health as
‘good’ or ‘excellent’
Age (yr)
Median: 44.0 (35–51) Mean: 46.0 ± 11.5
40.2 ± 11.1
18–39 (49.2%)
40–49 (30.3%)
50–59 (16.7%)
≥60 (3.8%)
Male sex
46.6%
41%
41%
41.5%
Race
Asian (100%)
NA
White (74.6%)
White (73.1%)
Black (12.9%)
Black (13.1%)
Hispanic (12.5%)
Hispanic (12.3%)
Others (1.6%)
eGFR (mL/min/1.73
Median: 100.3
Mean: 104.7
Means: 100.7 (donor),
117 mL/min
m2)
86.4 (control)
(creatinine clearance)
BMI (kg/m2)
Median:
Mean: 24.2 ± 2.8
Mean: 26.7 ± 7.5
15–24 (37.0%)
23.4 (21.6–25.4)
25–29 (40.4%)
≥ 30 (22.6%)
History of DM
2.7%/2.7%
NA, excluded from
NA, excluded from
NA, excluded from
controls
controls
controls
History of HTN
16.6%/16.6%
0%, excluded from
NA, matching with
1.8%, excluded from
controls
SBP
controls
Systolic blood presMedian: 120
Mean: 123.3 ± 10.0 Mean: 121.0 ± 16.3
<120 (53.3%)
sure (mmHg)
(110–130)
120–139 (39.6%)
≥140 (7.1)
Matching variable
Age, sex, BMI, DM,
Age, sex, BP, smoking Age, sex, race, BP,
Age, sex, race/ethHTN, eGFR, albumin- status
educational backnicity, educational
uria, era
ground, BMI, smokbackground, smoking status
ing status, BMI, SBP
All-cause mortality
1.4% (24)/0.7% (12)
11.8% (224)/7.4%
NA
3.1 per 10,000 doincidence propor(2,425)
nors/0.4 per 10,000
tion (n), in donors/
controls within 3 mo
in controls
6.5 per 10,000 donors/4.6 per 10,000
controls within 12
mo
ESKD incidence
0% (0)/0% (0)
0.47% (9)/0.06% (22) 0.10% (99)/0.04%
NA
proportion (n), in
(36)
donors/in controls
Follow-up (yr)
Median: 7.65
Median: 15.1
Median: 7.6
Median: 6.3
(4.15–11.13)
(1.5–43.9)
(maximum: 15.0)
(3.2–9.8)
Variable

Current study

Kim et al. [4]
(2020)
1,292
Subjects who received
general health
screenings voluntarily

40.7 ± 11.1

47.7%
Asian (100%)

Mean: 96.0
Mean: 23.5 ± 3.0

NA, excluded from
controls
NA, excluded from
controls
Mean: 116.6 ± 12.0

Age, sex, BMI, eGFR,
albuminuria, HTN,
DM, era
4.0% (52)/3.2%
(1,072)

NA
Mean: 12.3 ± 8.1

BMI, body mass index; BP, blood pressure; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; ESKD, end-stage kidney disease; HTN, hypertension; HUNT, Health Study of Nord-Trøndelag; NA, not applicable; NHANES III, the third National Health and Nutritional Examination Survey; SBP, systolic
BP.
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underlying disease, diabetes, donor age, and willingness
to transplant of donors. Second, the absolute number of
deaths was small because the donors were healthy individuals. However, this reflects the small absolute risk of adverse
outcomes in living donors in South Korea. Additionally, the
exact cause of death was unknown in this population, and
the mortality events of living donors might not be associated with the donation itself. Moreover, donor data have been
collected in electronic medical records since the 1980s, and
the linked data from NHIS were established in 2003. Therefore, patients who had a clinical outcome before 2003 could
not be detected. Last, the limited follow-up duration due to
unavailability of data prevented us from investigating the
long-term prognosis of living donors.
In conclusion, the risk of all-cause mortality was comparable between live kidney donors and matched non-donor
healthy controls with similar health status in an Asian population after consideration of several clinicodemographic
characteristics. Considering the relatively low absolute
risk of mortality or ESKD, live kidney donation should not
be discouraged. However, potential donors should be informed of the long-term risks, and only those who accept
the risks should undergo donor nephrectomy. The present
study adds to the evidence regarding medical considerations in live kidney donation. Additional long-term studies
including larger numbers of donors and non-donor controls are needed to determine the risks of live kidney donation, including ESKD.
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Background: Recent several reports have demonstrated that periodontitis is prevalent and adversely affects the survival in patients
with chronic kidney disease (CKD) or end-stage kidney disease. However, its impact on transplant outcomes remains uncertain.
Methods: This retrospective cohort study included 136 and 167 patients, respectively, who underwent living donor kidney transplantation (KT) at Seoul National University Hospital from July 2012 to August 2016 and Korea University Hospital from April 2008 to October 2018. We divided patients into three groups according to stages of periodontitis based on a new classification system.
Results: Patients with severe periodontitis were older, had a higher prevalence of diabetes, a higher body mass index and C-reactive
protein level, a lower cardiac output, and were more likely to be smokers, indicating its association with chronic systemic inflammation. After KT, stage IV periodontitis was independently associated with a lower incidence of acute T cell-mediated rejection, suggesting the possible effect of periodontitis on immune function. However, 1-year and 3-year estimated glomerular filtration rates were not
different. Among the KT recipients followed up more than 3 years, new-onset cardiovascular disease occurred in nine patients, and
coronary artery disease occurred more frequently in patients with stage IV periodontitis. However, diabetes was the independent predictor of new-onset coronary artery disease in multivariate logistic regression analysis.
Conclusion: Our findings showed that periodontitis might be an important player in determining posttransplant outcomes in recipients. Further interventional trials to test whether treating periodontitis could modify transplant outcome are needed.
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Introduction
Periodontitis, an inflammatory condition that affects the
tissues around teeth, is one of the most common oral diseases, and severe periodontal inflammation can damage
soft tissues and destroy the bones that support the teeth
[1]. Moreover, periodontitis is associated not only with oral
health but also with the development and exacerbation of
various systemic diseases [2]. Recent studies have shown
that periodontitis is common in patients with advanced
chronic kidney disease (CKD) and contributes to systemic
inflammation, infection, malnutrition, and atherosclerotic
disease, which can increase morbidity and mortality in
CKD [3–6].
As in patients with CKD, periodontitis may be an important factor that affects graft function and recipient outcomes
in kidney transplantation (KT) patients. Long-term immunosuppression of KT recipients is a major factor in the
development of posttransplant complications, including
new metabolic burdens, cardiovascular disease (CVD), infections, and malignancies. Poor oral health also can affect
chronic inflammation, immune function, and metabolic
complications, so it may play an important role in recipient
outcomes. Previous studies of KT recipients have shown
that periodontitis can be associated with high levels of inflammatory markers such as C-reactive protein (CRP) and
interleukin-6 and negatively affect graft function [7]. However, most studies included fewer than 100 patients, and
each study produced conflicting results regarding post-KT
complications.
Because oral health affects systemic health and has been
proposed as a possible target for the treatment of various
systemic diseases [8], it is important to determine the impact of oral diseases on grafts and systemic health of KT
recipients. The aim of this study, therefore, was to examine
whether periodontitis before KT affects posttransplant outcomes.

Methods
Study design and patients
This was a retrospective cohort study including adolescent
and adult patients aged 16 to 68 years who underwent
living donor KT in two tertiary medical hospitals (Korea

University Anam Hospital and Seoul National University
Hospital in Seoul, Republic of Korea). We included 136
patients who received KT from July 2012 to August 2016 at
Seoul National University Hospital and 167 patients who
received KT from April 2008 to October 2018 at Korea University Hospital. The study protocol was approved before
study initiation by the Institutional Review Boards (IRBs) of
Korea University Anam Hospital (No. K2018-2287-001) and
Seoul National University Hospital (No. H-1904-142-1029)
and was conducted according to the Declaration of Helsinki guidelines. IRBs waived the need to obtain informed
consent because the study was retrospective and required
no deviation from routine medical practice.
Demographic data (sex, age, smoking history) and clinical features (comorbidities, body mass index [BMI], cause
of the end-stage kidney disease (ESKD), renal replacement
therapy and laboratory data, including creatinine, hemoglobin, albumin, CRP (10 × high sensitivity CRP [hsCRP];
hsCRP of Seoul National University Hospital converted to
CRP of Korea University Medical Center with s conversion
factor by Milone et al. [9]), lipid profile, calcium, and phosphate, among others) were obtained from the electronic
medical records system. Panoramic X-ray was performed
for pre-KT dental examination and analyzed retrospectively by two periodontists for periodontal grading according
to the new classification of periodontal diseases developed
in 2017 by Tonetti et al. [10]. Radiographic alveolar bone
loss and tooth loss were primarily used to assess the severity of periodontitis and determine the stage of individual
periodontitis.
Allograft function was assessed at 1, 12, and 36 months
using the serum creatinine concentration and glomerular filtration rate (GFR), which was calculated using the
Modification of Diet in Renal Disease Study (MDRD) GFR
equations. A kidney biopsy was performed to assess the
cause of acute kidney injury, and rejection was diagnosed
based on histologic examination and classified into acute
antibody-mediated rejection (AMR), acute T cell-mediated
rejection (ATMR) by Banff 2017 classifications. Bacterial infection was defined based on hospitalization and antibiotic
administration, and BK and cytomegalovirus (CMV) viremia were evaluated. CVD included cerebrovascular disease
and acute coronary artery disease defined as new-onset
unstable angina or acute myocardial infarction.
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Simulect or thymoglobulin was used as an induction
immunosuppressive agent. After induction therapy, the
initial maintenance immunosuppressant was either a tacrolimus-based (tacrolimus + mycophenolate, tacrolimus
+ sirolimus, tacrolimus + bredinin) or cyclosporine-based
(cyclosporine + mycophenolate) regimen. Blood concentration of immunosuppressive agent was assayed every visit as routine and adequate doses of calcineurin inhibitors
were adjusted to maintain their reference values.
Statistical analysis
IBM SPSS version 23.0 for Windows (IBM Corp., Armonk,
NY, USA) was used to perform statistical analyses. Categorical variables were analyzed using the linear by linear test.
Summaries of the continuous variables are expressed as
median and standard deviation. The analysis of variance
was used to analyze continuous variables. Multivariate logistic regression analyses were performed to evaluate the
effect of multiple independent predictors. In this model,
a backward stepwise selection approach was adopted. A
two-tailed p-value of <0.05 was considered statistically significant.

Results
Baseline characteristics before kidney transplantation
During the study period, a total of 303 recipients who underwent pre-KT dental examinations were included. Patients were divided into three groups according to the stage
of periodontitis: mild, stage I and II (n = 160, 52.8%); severe,
stage III (n = 89, 29.4%); and advanced, stage IV (n = 54,
17.8%). The demographic and baseline characteristics of
the 303 patients are listed in Table 1. Of them, 205 patients
(67.7%) were male, and 36 (11.9%) were current smokers. The median age of recipients and donors was 43.97 ±
12.28 and 45.86 ± 10.92 years, respectively. SSixty patients
(19.8%) had diabetes mellitus, 75 (24.8%) had hypertension, 85 (28.1%) had glomerulonephritis, and 15 (5.0%) had
polycystic kidney disease as the cause of ESKD. In patients
with stage I and II periodontitis, glomerulonephritis was
the main cause of ESKD, but in patients with stage IV periodontitis, diabetes was the major cause. The most common
form of renal replacement therapy was hemodialysis (n =
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201, 66.3%), and preemptive KT was performed more frequently in patients with mild stage periodontitis. The main
comorbidities of patients with periodontitis before KT were
hypertension (n = 272, 89.8%), following by dyslipidemia
(n = 185, 61.1%) and diabetes (n = 73, 24.1%). Patients with
stage III or IV periodontitis were older, had a higher prevalence of diabetes, a higher BMI, a lower left ventricular
ejection fraction, a higher CRP level, and were more likely
to be current smokers (Table 1; Supplementary Table 1,
available online). There were no significant differences in
the number of human leukocyte antigen (HLA) mismatches and the use of immunosuppressants between the groups
(Table 2).
Transplant outcomes
Clinical outcomes of patients with periodontitis are shown
in Table 3. During the follow-up period, AMR occurred
in 18 patients, while ATMR or borderline ATMR occurred
in 113 patients, respectively. In multivariate logistic regression analysis, stage IV periodontitis and the number
of HLA mismatches were independent factors associated
with the development of ATMR after KT (Table 4). Subgroup analysis also showed that an independent effect of
advanced periodontitis on ATMR was observed only in preKT dialysis patients but not in preemptive KT patients (data
not shown). Although the rate of ATMR was
significantly lower in patients with stage IV periodontitis, there were no differences in estimated GFR (eGFR) at
1 month, 1 year, and 3 years or eGFR loss from 1 month
according to different stages of periodontitis (Table 3). In
addition, the degree of periodontitis did not predict graft
failure significantly (Supplementary Fig. 1, available online). Bacterial infections, including pneumonia, urinary
tract infection, and bacteremia, were diagnosed in 71 patients, and CMV and BK viremia were detected in 43 and
53 patients, respectively. However, there was no significant
difference in the incidence of bacterial infection, CMV and
BK viremia according to different stages of pretransplant
periodontitis (Table 3).
Cardiovascular outcomes were analyzed in patients who
were sufficiently followed up after KT. In the patients with
a follow-up period of 3 years or more, new coronary artery
disease developed in eight patients and cerebrovascular
disease developed in one. Coronary artery disease oc-
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Table 1. Baseline characteristics of recipients with periodontitis before kidney transplantation
Characteristic
Patient
Age (yr)
Male sex
Body mass index (kg/m2)
Current smoker
Causes of ESKD
Diabetes mellitus
Hypertension
Glomerulonephritis
Polycystic kidney disease
Others
Unknown
Renal replacement therapy
Hemodialysis
Peritoneal dialysis
Preemptive
Dialysis vintage (mo)
Comorbidity
Hypertension
Diabetes mellitus
Dyslipidemia
Ejection fraction of heart
Laboratory test
Hemoglobin (g/dL)
Albumin (g/dL)
CRP (mg/L), 10 × hsCRPa
LDL cholesterol (mg/dL)
Triglyceride (mg/dL)
Calcium (mg/dL) ×phosphate (mg/dL)
iPTH (pg/mL)
Donor age (yr)

Total
303 (100)
43.97 ± 12.28
205 (67.7)
23.28 ± 3.75
36 (11.9)

Stage I and II
160 (52.8)
39.04 ± 12.13
103 (64.4)
22.44 ± 3.70
14 (8.8)

Stage III
89 (29.4)
48.17 ± 10.46
64 (71.9)
23.74 ± 3.24
9 (10.1)

Stage IV
54 (17.8)
51.69 ± 8.50
38 (70.4)
25.01 ± 4.02
13 (24.1)

p-value
<0.001
0.28
<0.001
0.008

60 (19.8)
75 (24.8)
85 (28.1)
15 (5.0)
16 (5.3)
52 (17.2)

18 (11.3)
30 (18.8)
62 (38.8)
10 (6.3)
15 (9.4)
25 (15.6)

19 (21.3)
31 (34.8)
16 (18.0)
5 (5.6)
0 (0)
18 (20.2)

23 (42.6)
14 (25.9)
7 (13.0)
0 (0)
1 (1.9)
9 (16.7)

<0.001
0.08
<0.001
0.10
0.005
0.66

201 (66.3)
49 (16.2)
53 (17.5)
14.94 ± 25.80

98 (61.3)
27 (16.9)
35 (21.9)
14.19 ± 22.87

60 (67.4)
17 (19.1)
12 (13.5)
17.09 ± 30.33

43 (79.6)
5 (9.3)
6 (11.1)
13.53 ± 26.02

0.02
0.32
0.04
0.67

272 (89.8)
73 (24.1)
185 (61.1)
57.26 ± 7.19

143 (89.4)
22 (13.8)
93 (58.1)
58.32 ± 6.77

83 (93.3)
25 (28.1)
54 (60.7)
56.35 ± 6.76

46 (85.2)
26 (48.1)
38 (70.4)
55.54 ± 8.67

10.43 ± 1.68
3.95 ± 0.49
4.88 ± 15.41
85.13 ± 30.47
125.95 ± 85.88
47.96 ± 16.42
250.66 ± 246.75
45.86 ± 10.92

10.44 ± 1.63
4.00 ± 0.48
2.80 ± 5.79
84.70 ± 32.57
124.59 ± 78.57
47.24 ± 16.45
256.21 ± 284.45
46.21 ± 10.50

10.50 ± 1.88
3.90 ± 0.51
5.74 ± 15.07
83.13 ± 28.67
125.51 ± 90.30
49.57 ± 16.44
243.97 ± 208.09
45.99 ± 11.37

10.29 ± 1.51
3.90 ± 0.48
9.68 ± 28.93
89.62 ± 26.88
130.62 ± 99.28
47.42 ± 16.42
245.48 ± 182.61
44.63 ± 11.52

0.20
<0.001
0.14
0.02
0.76
0.23
0.01
0.46
0.91
0.55
0.92
0.65

Data are expressed as number (%) or mean ± standard deviation.
CRP, C-reactive protein; ESKD, end-stage kidney disease; hsCRP, high sensitivity CRP; iPTH, intact parathyroid hormone; LDL, low-density lipoprotein.
a
hsCRP of Seoul National University Hospital converted to CRP of Korea University Medical Center with s conversion factor (10) by method of Milone et al. [9].

curred more frequently in patients with stage IV periodontitis (Table 5). However, diabetes was the strongest independent predictor of new-onset coronary artery disease in
multivariate logistic regression analysis (Table 6).

Discussion
It has long been questioned whether poor oral health is
associated with systemic diseases. Epidemiologic studies
have reported that poor oral conditions, such as periodontitis or gingivitis, are associated with the development of

various systemic diseases, such as atherosclerosis, diabetes, respiratory disease, rheumatoid disease, and complicated pregnancy [11]. Several pathways, such as systemic
inflammation due to direct metastatic spread of pathogenic
bacteria from the oral cavity or indirect effects of circulating microbial products and immunologic modulation, have
been proposed to link periodontitis with systemic diseases
[12,13].
Periodontitis is common in patients with CKD, and some
studies have shown that CKD patients with periodontitis
have lower eGFR, higher morbidity and mortality com-
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Table 2. Immunologic characteristic of recipients with periodontitis
Variable
No. of HLA mismatch
Induction immunosuppressive agent
Simulecta
Maintenance immunosuppressive agent (initial)
Tacrolimus-based regimenb
Maintenance immunosuppressive agent (at 1 yr)
Tacrolimus-based regimen
   Tacrolimus + mycophenolate
   Tacrolimus + sirolimus
   Tacrolimus + bredinin
Cyclosporine + mycophenolate

Total
3.39 ± 1.57

Stage I and II
3.19 ± 1.61

Stage III
3.61 ± 1.60

Stage IV
3.63 ± 1.32

p-value
0.06

263 (86.8)

143 (89.4)

76 (85.4)

44 (81.5)

0.12

285 (94.1)

150 (93.8)

82 (92.1)

53 (98.1)

0.26

249 (91.5)
207 (76.1)
27 (9.9)
15 (5.5)
23 (8.5)

131 (92.3)
105 (73.9)
16 (11.3)
10 (7.0)
11 (7.7)

71 (88.7)
60 (75.0)
9 (11.3)
2 (2.5)
9 (11.3)

47 (94.0)
42 (84.0)
2 (4.0)
3 (6.0)
3 (6.0)

0.95
0.20
0.20
0.51
0.95

Data are expressed as mean ± standard deviation or number (%).
HLA, human leukocyte antigen.
a
Simulect or anti-thymocyte globulin were used as induction immunosuppressive agent. bInitial maintenance immunosuppressive agent was tacroli-

mus- or cyclosporine-based regimen.

Table 3. Clinical outcome of patients with periodontitis after KT
Variable
GFR (mL/min/1.73 m2)
1-Month GFR
1-Year GFRa
3-Year GFRb
Rejection
AMR
ATMR or borderline ATMR
Graft loss
Infection
Bacterial infection
CMV viremia
BK viremia

Total (n = 303)

Stage I and II (n = 160)

Stage III (n = 89)

Stage IV (n = 54)

p-value

69.82 ± 19.91
65.67 ± 16.96
67.31 ± 17.71

69.71 ± 20.50
64.68 ± 18.50
67.07 ± 19.76

70.12 ± 17.73
67.19 ± 12.61
67.96 ± 13.41

69.62 ± 21.83
66.43 ± 18.03
67.14 ± 14.55

0.99
0.56
0.95

18 (5.9)
113 (37.3)
14 (4.6)

9 (5.6)
69 (43.1)
7 (4.4)

4 (4.5)
31 (34.8)
4 (4.5)

5 (9.3)
13 (24.1)
3 (5.6)

0.47
0.01
0.75

71 (23.4)
43 (14.2)
53 (17.5)

39 (24.4)
20 (12.5)
33 (20.6)

19 (21.3)
17 (19.1)
15 (16.9)

13 (24.1)
6 (11.1)
5 (9.3)

0.84
0.82
0.06

Data are expressed as mean ± standard deviation or number (%).
AMR, acute antibody-mediated rejection; ATMR, acute T cell-mediated rejection; CMV, cytomegalovirus; GFR, glomerular filtration rate; KT, kidney transplantation.
a
A total of 262 patients who followed up for more than 1 year after KT were included. bA total of 202 patients who followed up for more than 3 years after
KT were included.

pared to those without periodontitis; however, conflicting
results have also been reported [4,14,15]. Because patients
with CKD already have several comorbid conditions that
affect systemic inflammation, it is possible that these
comorbid conditions affect both oral health and CKD
outcomes. Therefore, it is difficult to clarify the direct link
between periodontitis and CKD outcomes. Nevertheless, a
recent study showed that the risk of developing CVDs over
24 months was lower in patients with CKD treated with
periodontal disease, which suggests an important role of
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periodontitis in cardiovascular outcomes of patients with
CKD [16].
Like previous studies, we found that patients with severe
periodontitis prior to KT were older, more diabetic, had
a higher BMI, and had a lower ejection fraction, showing
that periodontitis is also closely linked to systemic inflammation, metabolic complications, and CVDs. We hypothesized that periodontitis, a chronic inflammatory condition,
might skew the short and long-term transplant outcomes.
This was based on the fact that chronic inflammation is
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Table 4. Risk factors to predict acute T cell-mediated rejection
Variable
Sex (female)
Age (yr)
Year of KT
Donor age (yr)
HLA mismatch
Relationship
Unrelated
Induction IS
ATG
Maintenance IS at 1 yr
Tacrolimus-based
CsA-based
CMV viremia
CRP (mg/L), 10 x hsCRP
HbA1c (% of THb)
Periodontitis
Stage I and II
Stage III
Stage IV

Crude model
OR (95% CI)
p-value
0.69 (0.42–1.16)
0.16
0.98 (0.96–0.99)
0.04
1.11 (0.99–1.25)
0.06
1.03 (1.00–1.05)
0.03
1.15 (0.99–1.34)
0.07

Age, sex-adjusted model
OR (95% CI)
p-value

1.13 (1.01–1.27)
1.02 (1.00–1.05)
1.23 (1.05–1.45)

0.03
0.04
0.01

1.62 (0.98–2.68)

0.06

2.02 (1.17–3.47)

0.01

0.38 (0.17–0.85)

0.38

0.38 (0.17–0.86)

0.02

1.00
2.60 (0.90–7.54)
1.56 (0.82–3.00)
0.97 (0.94–1.01)
0.84 (0.61–1.16)

0.08
0.18
0.09
0.29

1.00
2.47 (0.84–7.24)
1.55 (0.80–3.00)
0.9 (0.93–1.00)
0.90 (0.66–1.24)

0.10
0.19
0.06
0.53

1.0
0.71 (0.41–1.21)
0.42 (0.21–0.84)

0.20
0.01

1.00
0.77 (0.43–1.36)
0.48 (0.23–1.01)

0.36
0.05

Multivariate model
OR (95% CI)
p-value

1.39 (1.10–1.77)

0.006

1.00
1.42 (0.59–3.41)
0.28 (0.08–098)

0.44
0.05

ATG, anti-thymocyte globulin; CI, confidence interval; CMV, cytomegalovirus; CRP, C-reactive protein; CsA, cyclosporine; HbA1c, hemoglobin A1c; IS, immunosuppressant; KT, kidney transplantation; OR, odds ratio.
In the age, sex-adjusted model, an enter selection approach was adopted. In the multivariate logistic analysis model, age, male sex, donor age, CRP, number of human leukocyte antigen mismatch, relationship, year of KT, induction immunosuppressive agent, maintenance immunosuppressive agent at 1
year, stage of periodontitis were adjusted. Multivariate logistic regression was performed with variables with p-value less than 0.3 in univariate analysis; a
backward stepwise selection approach was adopted. All laboratory data were examined prior to KT.

Table 5. Cardiovascular diseases in patients with a follow-up period of 3 years or more
Variable
Cardiovascular disease
Coronary artery diseasea
Cerebrovascular disease

Total (n = 202)
9 (4.5)
8 (4.0)
1 (0.5)

Stage I and II (n = 127)
3 (2.4)
3 (2.4)
0 (0)

Stage III (n = 52)
2 (3.8)
2 (3.8)
0 (0)

Stage IV (n = 23)
4 (17.4)
3 (13.0)
1 (4.3)

p-value
0.006
0.03
0.03

Data are presented as number (%).
a
Coronary artery disease: unstable angina, myocardial infarction.

a well-known risk factor of CVDs as well as an impaired
adaptive immune response [17]. Given that transplant recipients are confronting the very complex immunologic
and nonimmunologic challenges including the use of potent immunosuppressants, reduction of uremic burden or
better nutrition and potential changes of oral microbiome,
the effect of chronic periodontitis on various transplant
outcomes could be more complicated.
Interestingly, we first observed that the rate of ATMR was
significantly lower in patients with severe periodontitis. The
effect of periodontitis on acute rejection is still unknown. A

previous study showed that periodontitis increases the risk
of acute rejection [18], but the cross-sectional study design
makes it difficult to rule out the possibility that periodontitis was exacerbated due to immunosuppressive treatment
during acute rejection. Considering that T cells are the
main players mediating acute rejection, it is possible that
pretransplant periodontitis led to defective T cell immunity such as T cell exhaustion, which may have preventive
effect on early T cell-mediated rejection. The link between
chronic inflammation and impaired immunity has been
demonstrated in the inflammation area. Uneven homeo-
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Table 6. Risk factors to predict new-onset coronary artery disease
Variable
Female sex
Age (yr)
Year of KT
HbA1c (% of THb)
Donor age (yr)
Ca (mg/dL)
iPTH (pg/mL)
Body mass index
Dyslipidemia
Causes of ESKD
Diabetes mellitus
Glomerulonephritis
Periodontitis stage
Stage I and II
Stage III
Stage IV

Crude model
OR (95% CI)
0.31 (0.04–2.59)
1.02 (1.00–1.17)
1.13 (0.74–1.71)
1.35 90.83–2.18)
0.95 (0.89–1.01)
1.54 (0.66–3.59)
0.997 (0.99–1.00)
1.09 (0.90–1.32)
1.49 (0.36–6.12)

p-value
0.28
0.04
0.58
0.23
0.09
0.32
0.24
0.37
0.58

7.07 (1.62–30.93)
0.26 (0.03–2.15)

0.009
0.21

1.00
1.65 (0.27–10.20)
6.20 (1.17–32.89)

0.59
0.03

Multivariate model
OR (95% CI)
p-value

4.73 (1.08–20.77)

0.04

CI, confidence interval; ESKD, end-stage kidney disease; iPTH, intact parathyroid hormone; KT, kidney transplantation; OR, odds ratio.
In the multivariate logistic analysis model, age, male sex, donor age, hemoglobin A1c, iPTH, cause of end-stage renal disease (diabetes mellitus, glomerulonephritis), year of KT, stage of periodontitis were adjusted. Multivariate logistic regression was performed with variables with p-value less than 0.3 in univariate analysis; a backward stepwise selection approach was adopted. All laboratory data were examined prior to KT. Dyslipidemia was defined as those
with low-density lipoprotein cholesterol greater than 100 mg/dL or triglyceride greater than 500 mg/dL or under lipid-lowering agent.

static proliferation of naïve T cells in thymectomized mice
[19], as well as reduced T cell priming upon vaccination in
ESKD patients [20], suggest that chronic inflammation is
closely linked to both quantitative and qualitative defect of
T cell immunity. Recent studies have suggested that chronic periodontitis is associated with an immunomodulatory
profile by observing the upregulation of Th1 cytokines in
early periodontitis and Th2 cytokines in later stages [21].
The relationship between immune-senescence and
chronic periodontitis has also been reported. Steffens et al.
[22] demonstrated that chronic inflammatory burden observed in patients with chronic periodontitis could accelerate leukocyte telomere shortening, which may indicate
impaired immune function. Masi et al. [23] also reported
that the leukocyte telomere length was negatively correlated with severity of periodontitis, suggesting that shorter
telomere lengths correlate with oxidative stress, chronic
inflammation, and severity of disease. Interestingly, the independent effect of advanced periodontitis on ATMR was
observed only in pre-KT dialysis patients and not in preemptive KT patients, suggesting that the chronic inflammatory status of pretransplant dialysis patients may modify
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not only periodontitis itself but also the effect of periodontitis on immune function.
Several studies have shown that periodontitis was associated with poor graft function [24]. However, because
most were cross-sectional studies, it is difficult to identify
causality, and some small transplant cohort studies reported opposite results regarding the relationship between
oral health and graft function [25]. T cell-mediated rejection is a well-known cause of early graft dysfunction and
many studies indicate the early dysfunction might lead to
poor long-term graft outcomes [26,27]. However, despite
significantly lower rate of ATMR in patients with severe
periodontitis, we found that eGFR at 1 month, 1 year, and
3 years after KT were not different according to stages of
periodontitis. In addition, the severity of periodontitis did
not significantly predict graft failure. These results suggest
that periodontitis can have a complex effect on graft function by multiple factors, such as chronic inflammation and
CVD, as well as a favorable effect on rejection.
CVD after KT is a major factor in determining graft and
patient survival and is still an important barrier to improving the long-term outcomes of KT recipients [28]. Exposure
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to various traditional (hypertension, dyslipidemia, diabetes, smoking, and obesity) and nontraditional risk factors
affect CVD development after KT. Therefore, to improve KT
outcomes, it is important to identify high-risk recipients
and initiate early risk-reduction strategies. Poor oral health
has recently been proposed as a possible nontraditional
risk factor of CVD in patients with CKD, but few studies
were performed in patients with KT. In 2007, Genctoy et al.
[29] reported that KT patients with severe gingivitis had a
higher carotid intima-media thickness than those without
gingivitis. Although this study had a cross-sectional design,
gingivitis in transplant recipients affected the development
and/or progression of atherosclerosis despite the unclear
role of gingivitis in systemic inflammation. However, in a
recent longitudinal study, periodontitis did not significantly increase the incidence of major adverse cardiovascular
episodes [30]. In our study, followed by a large number of
patients for more than 3 years, severe periodontitis was
associated with the incidence of new-onset coronary artery
disease, whereas diabetes was the only independent risk
factor in the multivariate analysis. Because the incidence of
CVD was relatively lower in our study, further investigation
in a large cohort is warranted to assess the independent
effects of periodontitis on cardiovascular events and mortality after KT.
For posttransplant infection, which is the leading cause
of hospitalization of transplant recipients, possible T cell
immune dysfunction following periodontitis may leave the
host vulnerable to infections; however, bacterial infection,
CMV, and BK viremia did not show any significant association with periodontitis. The innate immune response to
bacterial or viral invasion, as well as the adaptive immune
response through T and B cells, plays an important role in
infection-related complications; therefore, various confounding factors besides periodontitis can contribute to
the development of posttransplant infection.
Despite several novel findings, our study has several limitations. First, the design of the study was retrospective, and
the treatment of periodontitis was not investigated in detail
as there were some cases where treatment was performed
at other hospitals. Therefore, it was difficult to clearly understand the causal relationship between periodontitis and
posttransplant outcomes. Second, we have not presented
laboratory evidence showing the relationship between
periodontitis and immune dysfunction. In addition, tradi-

tional risk factors for posttransplant CVD, such as steroid
dose, concentration of calcineurin inhibitor, posttransplant
diabetes, hypertension, and economic status, have not
been analyzed in detail.
However, strength of our study lies in the fact that cases
of severe periodontitis were especially sorted out by new
staging system and were separately analyzed. Community
Periodontal Index of Treatment Needs (CPITN) or other
indices in previous studies reflect the extent of periodontitis that is potentially responsive to treatment rather than
chronic or irreversible conditions. But this new system
includes radiographic bone loss as one of the parameters
to be considered in severity determinations, and additional
ideas such as treatment complexities and prognosis assessment are also conveyed in stage itself. In particular, stage
III and IV patients of the new system may present severe
cases with additional risk factors besides periodontal bacterial deposition, such as chronic systemic inflammatory
conditions, alveolar bone resorption, and loss of immune
defenses against bacterial infection [31,32]. Therefore,
these differences may provide additional information on
impaired immune response in our study.
Recently, the role of the immune system has been noted
as an important factor in bone destruction [33], the degree
of alveolar bone loss depends on the host response against
oral infection. Our results suggest that amount of alveolar
bone loss due to chronic inflammation before KT reflects
systemic inflammatory conditions and altered immune
function, and is an important factor affecting transplant
outcomes beyond oral inflammation.
In conclusion, even in a new immunological and metabolic environment with reduced uremic burden and immunosuppressive medications, periodontitis before KT has
a significant effect on posttransplant outcomes. Pretransplant periodontitis may modulate the immune response
early after KT and reduce the risk of acute rejection but
may have long-term negative effects on graft and patient
survival. In the future, prospective studies analyzing the
effectiveness of treatment for periodontitis prior to KT can
clearly define the role of periodontitis and update pre- and
post-treatment treatment strategies.
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Renal side effects of COVID-19 vaccines in patients with
immunoglobulin A nephropathy
Jae Seok Park1, Eun Young Lee2
1
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2

Although kidney-related complications are not a common
side effect of coronavirus disease-19 (COVID-19) vaccination, complications such as abnormal urinalysis and worsening renal function have recently been reported in patients
with underlying chronic glomerulonephritis [1]. Herein
we report a case of gross hematuria and exacerbation of
proteinuria after COVID-19 vaccination in a patient with
known immunoglobulin A nephropathy (IgAN) (Fig. 1).
A 27-year-old female presented with brown-red hematuria 2 days after the second dose of messenger RNA (mRNA)
COVID-19 vaccine (Pfizer-BioNTech). Hematuria did not
appear after the first dose. Chills and myalgia were felt
several hours after vaccination, however, improved quickly
within 24 hours of injection. Laboratory findings were as
follows: urine blood, 3+; urine red blood cell (RBC), >20/
high power field (HPF); urine protein, 4+; random urine
protein-to-creatinine ratio (PCR), 2.295 g/g; and serum creatinine, 0.69 mg/dL. On the 4th day post-vaccine, gross hematuria resolved with conservative treatment. On the tenth
day, laboratory findings were as follows: urine blood, 3+;
urine RBC, 11–20/HPF; and random urine PCR, 0.541 g/g.
The initial IgAN diagnosis (Oxford MEST-C classification
as M1-E0-S1-T0-C0) was made 1.5 years before this event
during an evaluation for asymptomatic urinalysis with nor-

mal kidney function (urine RBC, 11–20/ HPF; urine PCR,
0.543 g/g; and serum creatinine, 0.57 mg/dL). The patient
was receiving treatment with losartan 50 mg per day and
proteinuria and kidney function were stable (urine PCR,
0.17–0.18 g/g and serum creatinine, 0.65 mg/dL) until this
event. Gross hematuria self-resolved without intervention
and proteinuria level improved, but proteinuria did not return to baseline and remained higher than usual.
Table 1 summarizes cases that showed renal complications after COVID-19 vaccination in patients with IgAN. We
observed some important findings. First, gross hematuria
can be the first manifestation of newly diagnosed IgAN in
previously healthy patients. Second, IgAN flares can relapse after just single injection; however, de novo IgAN only
follows a second injection. Third, the latent period from
injection to gross hematuria was short (even within a day)
in all cases. Fourth, increased proteinuria and serum creatinine level can accompany gross hematuria. Finally, all
cases of gross hematuria occurred in patients who received
the mRNA COVID-19 vaccine, not other vaccine types.
The pathogenesis of gross hematuria in IgAN is not fully
understood. The present consensus ‘multi-hit hypothesis’
theoretically explains the pathogenesis as a four-step model: elevation of circulating galactose-deficient IgA1 (Gd-
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Figure 1. Clinical course of the patient. Immunoglobulin A nephropathy was diagnosed 18 months earlier. Gross hematuria appeared
two days after the second messenger RNA coronavirus disease 2019 (COVID-19) vaccine dose with a peak increase in random urine
protein-to-creatinine ratio (PCR). Although urine PCR improved quickly, a complete recovery to the previous state was not seen. Serum
creatinine levels were stable before and after vaccination.
Table 1. Reported cases of gross hematuria following COVID-19 vaccination in IgAN patients
IgAN
Known

Age (yr)/sex Vaccine
22/male

Known
41/female
Known
13/male
Known
38/female
Known
38/female
Known
52/female
Known ND/male
Known
22/female
Known
39/female
Known
27/female
Known ND/male
Known
78/female
Known
27/female
De novo 39/male
De novo 17/male
De novo 41/female
De novo 50/male
De novo 50/female
De novo 19/male
De novo 30/male

MO
PB
PB
MO
MO
PB
PB
MO
MO
PB
PB
MO
PB
MO
PB
PB
MO
MO
MO
MO

Dose
1st
2nd
1st
2nd
2nd
2nd
2nd
2nd
2nd
2nd
2nd
2nd
ND
2nd
2nd
2nd
2nd
2nd
2nd
2nd
2nd

Latent period
(day)
2
2
2
<1
1
1
1
1
<2
<2
2
6
7
2
Immediately
<1
1
1
2
2
1

Systemic sign/ Initial sign
Duration of
Residual
Reporta
symptom
gross hematuria
sign
Arthralgia
H, P
ND
No
Perrin et al., 2021
Leukocytosis
Vomiting
Fever
Fever
Fever
Fever
ND
ND
Pancytopenia
Myalgia
Diarrhea
Fever
Fever
Hypertension
Myalgia
Rash
Fever
ND
Fever

C
H, C
H, P
H
H, P
H, P
H, P
H, P
H
H, C, P
H
H, P
H, C, P
H, C, P
H, C, P
H, C, P
H, C, P
H, C
H, P

ND
2 days
3 days
3 days
5 days
3 days
<1 month
<1 month
ND
ND
15 days
4 days
weeks
5 days
ND
<1 month
5 days
2 days
2 days

No
No
P
No
P
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IgA1) level; production of anti-glycan antibody against GdIgA1; formation of an immune complex consisting of GdIgA1 and anti-glycan antibody; and, finally, deposition of
an immune complex in the glomerular mesangium [2].
However, the role of mRNA COVID-19 vaccines in the
pathogenesis of IgAN remains unclear. Considering the
short latent period from injection to gross hematuria and
the finding that neutralizing antibody does not increase
during the 7 days after the first injection in the serum of
vaccinated patients [3], it is reasonable to postulate that
gross hematuria is not associated with neutralizing antibody, but with more immediate immunologic factors such
as cytokines or IgA1 anti-glycan immune responses [4].
There have been reports of other glomerulonephritis
(including Henoch-Schönlein purpura) relapse or new diagnosis after viral vector-based COVID-19 vaccines (manufactured by Oxford-AstraZeneca) [1,5–7]; however, all gross
hematuria in patients with IgAN were reported only after
an mRNA COVID-19 vaccine. The reason for this remains
to be elucidated. In viral vector-based COVID-19 vaccines,
the gene encoding the spike protein of severe acute respiratory syndrome coronavirus-2 is delivered to host cells by
an adenovirus vector [8]. For the preexisting anti-adenovirus antibody that circulates in majority of population and
can be cross-reactive with various serotypes of adenovirus,
vaccine immunogenicity can be attenuated by preexisting
antibody [8]. However, mRNA COVID-19 vaccines use a
lipid nanoparticle as delivery vehicle (not adenovirus);
therefore, interference from a preexisting antibody is not
relevant to immunogenicity [8]. We assume that such differences in vaccine mechanism and immunogenicity may
be one potential answer to question of why gross hematuria is reported after only a specific type of vaccine in IgAN
patients.
The present case described gross hematuria and exacerbation of proteinuria without acute kidney injury following
mRNA COVID-19 vaccine in an IgAN patient. To the best
of our knowledge, this is the first such case report in Korea.
Our findings suggest the following important points: First,
gross hematuria can occur as the first manifestation of de
novo IgAN even within a day after mRNA COVID-19 vaccine injection. Second, patients should be warned about
the possibility of relapse or de novo IgAN before their first
or second dose of mRNA COVID-19 vaccine, respectively. Third, serial assessment of urine protein and PCR for
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increased proteinuria and serum creatinine should be
performed in at-risk patients. Finally, kidney biopsy, if indicated, should be performed to diagnose de novo IgAN. Further study is required to clarify the role of mRNA COVID-19
vaccines in the pathogenesis of IgAN.
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Immune checkpoint inhibitor-induced acute
tubulointerstitial nephritis
Hui Zhuan Tan1, Joycelyn Jie Xin Lee2, Chon Jun Jason Choo1, Alwin Hwai Liang Loh3
1

Department of Renal Medicine, Singapore General Hospital, Singapore
Department of Medical Oncology, National Cancer Centre, Singapore
3
Department of Anatomical Pathology, Singapore General Hospital, Singapore
2

A 69-year-old Chinese man was hospitalized for Common
Terminology Criteria for Adverse Events (CTCAE) grade 2
acute kidney injury 8 months following treatment initiation with combination cytotoxic T-lymphocyte-associated
protein 4 and programmed cell death protein-1 (PD-1)
immune checkpoint blockade for treatment of adenocarcinoma of unknown primary. His medical history included
immune checkpoint inhibitor (ICI)-induced adenohypophysitis and gastrointestinal reflux disease, for which
proton pump inhibitor (PPI) omeprazole 20 mg twice daily
was commenced 6 months prior. His serum creatinine
(sCr) peaked at 299 μmol/L from a baseline of 100 μmol/L.
Urinalysis was notable for pyuria (13 white blood cells/µL)
without hematuria or significant proteinuria (urine protein-creatinine ratio, 0.27 g/g). C-reactive protein was elevated at 51.8 mg/L (reference range, 0.2–9.1 mg/L). Serum
complements were normal. Virology and autoimmune serologies such as hepatitis B, C, anti-double-stranded DNA,
and antineutrophil cytoplasmic antibodies were negative.
Ultrasonography revealed normal-sized kidneys without
obstruction.

A kidney biopsy showed substantial interstitial inflammation and acute tubular injury consistent with ICI-induced
acute tubulointerstitial nephritis (ICI-ATIN) (Fig. 1A, B).
The diffuse tubulointerstitial mononuclear inflammatory
infiltrates comprised lymphocytes, histiocytes, and some
plasma cells, without tissue eosinophilia. No interstitial or
intratubular granulomas were present. The glomeruli were
relatively uninvolved. Interestingly, electron microscopy
demonstrated moderate effacement of the foot processes
suggestive of podocyte injury (Fig. 1C).
Immunohistochemistry stains showed a predominantly
CD8+ lymphocytic infiltrate, macrophages, and scattered
plasma cells (Fig. 2). CD3+ T cells constituted about 80% of
the total number of lymphocytes, while CD20+ B cells constituted the remaining 20%. About two-thirds of the T cells
were CD8+, while one-third were CD4+. CD68+ histiocytes
were fairly abundant. CD138+ plasma cells were the least
abundant inflammatory cell type.
Oral prednisolone (PRL) was initiated at 60 mg (1 mg/kg)
daily. Omeprazole was replaced with famotidine, a histamine type-2 receptor antagonist, due to the risk of ICI-ATIN
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Figure 1. Kidney biopsy showed acute tubulointerstitial nephritis. (A, B) A diffuse tubulointerstitial mononuclear inflammatory infiltrate was noted, comprising lymphocytes, histiocytes, and some plasma cells, without tissue eosinophilia. No well-formed interstitial
or intratubular granulomas are present (periodic acid-Schiff, ×100). (C) Lymphocytic tubulitis (periodic acid-Schiff, ×100). (D) Electron
microscopy revealed a moderate degree of podocyte foot process effacement, affecting 30% to 40% of peripheral capillary wall surface
area. This suggests an element of podocyte injury. No electron dense deposits were seen (×6,000).

potentiation with the continued use of a PPI. Mycophenolate mofetil (MMF) was added in view of inadequate treatment response and steroid-induced dysglycemia. A repeat
biopsy at 6 weeks showed improving interstitial inflammation and marginal worsening of interstitial fibrosis. His sCr
continued to improve, and PRL and MMF were gradually
tapered. The single-agent PD-1 ICI was resumed 5 months
after the initial ICI-ATIN episode due to rising tumor markers, with PRL maintained at 10mg daily. The sCr remained

stable at 140 μmol/L 10 months after the ICI rechallenge.
Acute tubulointerstitial inflammation is the most common ICI-related kidney injury, either occurring alone or
in combination with other glomerular pathologies [1]. The
histopathologic features of ICI-ATIN may resemble acute T
cell-mediated renal allograft rejection. Interestingly, electron microscopy of our patient’s biopsy revealed subclinical
podocyte injury without manifestation of proteinuria. He
reported no prior history of diabetes mellitus or use of an-
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Figure 2. Immunohistochemistry stains showed predominantly CD8+ lymphocytic infiltrate, macrophages, and scattered plasma
cells (×100). (A) The staining results were analyzed using the Vectra imaging system. CD3+ T cells constituted about 80% of the total
number of lymphocytes, while CD20+ B cells constituted the remaining 20%. B-lymphocytes formed small aggregates at times. About
two-thirds of the T cells were CD8+, while one-third was CD4+. (B, C) Immunohistochemical stains were performed in two different
cores of the kidney cortex for better representation. While CD8+ cells were diffusely and evenly distributed throughout the two cores,
CD4+ cells tended to form small aggregates, probably in relation to the presence of B-lymphocytes. Scattered CD138+ plasma cells
were observed. Overall, the cell types resembled those seen in acute T cell-mediated renal allograft rejection.

tivascular endothelial growth factor therapies. The clinical
significance of this finding is uncertain, but given reports of
podocytopathies with ICI use, ongoing monitoring for the
development of proteinuria is warranted.
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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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고혈압, CAD 또는 심부전 치료의 시작은 아서틸로!

For your patients of

Initiate

Hypertension
CAD
Heart Failure

early!

ACERTIL ARGININE TAB 5MG, 10MG ABRIDGED PRODUCT INFORMATION
[COMPOSITION] ACERTIL ARGININE 5mg, 10mg film-coated tablets contain 5mg and 10mg perindopril arginine. Contains lactose as excipient. [DESCRIPTION] ACERTIL ARGININE TAB. 5mg: Light-green, rod-shaped film-coated tablet engraved with the company logo on one face. ACERTIL ARGININE TAB. 10mg: Green, round, biconvex, film-coated tablet engraved with 10 on one
face and the company logo on the other face. [INDICATIONS/DOSAGE AND ADMINISTRATION] It is recommended to take this drug once daily in the morning before meal. 1. Hypertension - Adults: 5mg taken once daily. The dose may be increased to 10mg once daily after one month of treatment. - Patients with a strongly activated renin-angiotensin-aldosterone system (RAAS):
starting dose of 2.5 mg is recommended. - Elderly: treatment should be initiated at a dose of 2.5 mg, once daily which may be progressively increased to 5 mg after one month. - Renal impairment: Clcr ≥ 60 ml/min: 5 mg/day; 30 < Clcr < 60 ml/min: 2.5 mg/day; 15 < Clcr < 30 ml/min: 2.5 mg every other day; Haemodialysed patients: Clcr < 15 ml/min: 2.5 mg on the day of dialysis.
2. Congestive Heart failure (adjuvant treatment with non-potassium sparing diuretics and digitalis treatment): - Adults: starting dose of 2.5mg once daily. Depending on tolerance, this dose may be increased after 2 weeks, to 5mg daily. - Severe congestive heart failure patients, elderly patients, patients having very low initial arterial blood pressure, patients with renal insufficiency, and
patients receiving treatment with high dosage diuretic: should be initiated at a dose of 1.25mg once daily under careful supervision. 3. Stable Coronary Artery Disease (reduction of the risk of cardiovascular mortality or non-fatal myocardial infarction in patients with a history of myocardial infarction and/or revascularization): - Adults: 5 mg once daily for two weeks, then increased to
10 mg once daily, depending on renal function and whether the 5 mg dose is well tolerated. - Elderly: 2.5mg once daily for one week, then 5 mg once daily the next week, before increasing the dose to 10 mg once daily depending on renal function and if the previous dose is well tolerated. - Renal impairment: Clcr ≥ 60 ml/min: 5 mg/day; 30 < Clcr < 60 ml/min: 2.5 mg/day; 15 < Clcr < 30
ml/min: 2.5 mg every other day; Haemodialysed patients: Clcr < 15 ml/min: 2.5 mg on the day of dialysis. [PRECAUTION IN USE] 1. Warnings: 1) The risk of neutropenia/agranulocytosis in the patient with immune-deficiency: This occurs rarely in uncomplicated patients but more likely in patient with collagen vascular disease such as systemic lupus erythematosus, scleroderma and
renal failure by immunosuppressant. If the ACE inhibitor should be administered to these patients, the risk/benefit ratio should be assessed carefully. 2) Angioedema: perindopril should promptly be discontinued and appropriate monitoring should be initiated and continued until complete resolution of symptoms has occurred. Angioedema associated with laryngeal oedema may be fatal.
3) Anaphylactoid reactions during desensitization: The treatment with ACE inhibitor to the allergic patient during desensitization treatment should be started carefully and this drug should not be administered to the patients with venom immunotherapy. However, if the patient needs both ACE inhibitor & desensitizing treatment, these reactions can be avoided by temporarily withholding
ACE inhibitor at least 24 hours before treatment. 4) Anaphylactoid reactions during membrane exposure: Patients receiving ACE inhibitors during dialysis with high flux membranes or low-density lipoprotein (LDL) apheresis with dextran sulphate have experienced life-threatening anaphylactoid reactions. So, ACE inhibitor should not be administered to these patients. However, if the
patient needs both ACE inhibitor & dialysis with high flux membranes or LDL apheresis, these reactions were avoided by temporarily withholding ACE inhibitor therapy at least 24 hours prior to each apheresis. 5) Pregnancy: When pregnancy is diagnosed, treatment with ACE inhibitors should be stopped immediately. 2. Contraindications: 1) Hypersensitivity to the active substance,
to any of the excipients or to any other ACE inhibitor. 2) History of angioedema associated with previous ACE inhibitors. 3) Hereditary or idiopathic angioedema. 4) Patients undergoing hemodialysis with acrylonitrile sulphonate sodium membrane. 5) Hyperlipidemia patients receiving LDL apheresis treatment (patients undergoing LDL apheresis with dextran sulphate cellulose). 6)
Pregnancy or potential pregnancy, lactation. 7) The drug is usually not administered in case of combinations with potassium-sparing diuretics, potassium salts, lithium. 8) Patients with bilateral renal artery stenosis or single functioning kidney artery stenosis. 9) Hyperkalemia. 10) Aortic valve stenosis, mitral valve stenosis or obstruction in the outflow. 11) Idiopathic hyperaldosteronism.
12) Children and adolescents (< 18 years). 13) Kidney transplant patients. 14) Patients with rare hereditary problems of galactose intolerance, the Lapp lactase deficiency or glucose-galactose malabsorption. 15) Concomitant use of Acertil tablet with renin inhibitor (aliskiren) in patients with diabetes mellitus or moderate to severe renal impairment (GFR < 60ml/min/1.73m2). 16)
ACEI and ARB should not be used concomitantly in patients with diabetic nephropathy. 17) Patients who administer Neprilysin(NEP) inhibitor or within 36 hours after discontinuation. 3. Careful Administration: 1) Renal impairment. 2) Excessive fall in blood pressure may occur in following patients, so, initiation of therapy should be done with low dose and dose increase should be
performed under close medical supervision: (1) severe hypertension (2) hemodialysis (3) volume or sodium depletion (4) dietary salt restriction (5) severe heart failure. 3) Elderly patients. 4) Dual blockade of RAAS (There is evidence that the concomitant use of ACE-inhibitors, ARBs or aliskiren increases the risk of hypotension, hyperkalaemia and decreased renal function (including
acute renal failure). Dual blockade of RAAS is therefore not recommended. If dual blockade therapy is considered absolutely necessary, this should only occur under specialist supervision and subject to frequent close monitoring of renal function, electrolytes and blood pressure. 5) Patients with ischemic or cerebrovascular disease. 6) Hepatic failure. 7) Hypertropic cardiomyopathy
4. Undesirable Effects (1) Common(≥1/100, <1/10): Headache, dizziness, vertigo, paraesthesia, visual disturbances, tinnitus, hypotension and effects related to hypotension, cough, dyspnoea, nausea, vomiting, abdominal pain, dysgeusia, dyspepsia, diarrhoea, constipation, rash, prurit, muscle cramps, asthenia. (2) Uncommon(≥1/1,000, <1/100): Eosinophilia, hypoglycaemia,
hyperkalaemia, hyponatraemia, mood disturbances, sleep disorder, somnolence, syncope, palpitations, tachycardia, vasculitis, bronchospasm, dry mouth, angioedema of face, extremities, lips, mucous membranes, tongue, glottis and/or larynx, urticaria, photosensitivity reactions, pemphigoid, hyperhydrosis, eczema, arthralgia, myalgia, renal insufficiency, erectile dysfunction, chest
pain, malaise, oedema peripheral, pyrexia, blood urea increased, blood creatinine increased, fall. (3) Rare(≥1/10,000, <1/1,000): Psoriasis (including psoriasis aggravation), blood bilirubin increased, hepatic enzyme increased. (4) Very rare(<10,000): Agranulocytosis or pancytopenia, haemoglobin decreased and haematocrit decreased, leucopenia/neutropenia, thrombocytopenia,
haemolytic anaemia in patients with a congenital deficiency of G-6PDH, confusion, angina pectoris, arrhythmia, myocardial infarction (possibly secondary to excessive hypotension in high risk patients), stroke (secondary to excessive hypotension in high-risk), eosinophilic pneumonia, rhinitis, pancreatitis, hepatitis either cytolitic or cholestatic, erythema multiform, acute renal failure.
(5) Not known: Raynaud’s phenomenon. - Syndrome of inappropriate antidiuretic hormone secretion (SIADH) can be considered as a very rare but possible complication associated with ACE inhibitor therapy. 5. Precautions for use (1) Stable coronary artery disease: if unstable angina pectoris during first month, appraisal of benefit/risk before treatment continuation. (2) Hypotension:
Symptomatic hypotension is seen rarely in uncomplicated hypertensive patients and is more likely to occur in patients who have been volume-depleted e.g. by diuretic therapy, dietary salt restriction, dialysis, diarrhea or vomiting, or who have severe renin-dependent hypertension. In patients at increased risk of symptomatic hypotension, initiation of therapy and dose adjustment should
be closely monitored. Similar considerations apply to patients with ischemic heart or cerebrovascular disease in whom an excessive fall in blood pressure could result in a myocardial infarction or cerebrovascular accident. A transient hypotensive response is not a contraindication to further doses, which can be given usually without difficulty once the blood pressure has increased after
volume expansion. (3) Aortic and mitral valve stenosis/hypertrophic cardiomyopathy: use with caution. (4) Renal impairment: In cases of renal impairment (creatinine clearance < 60 ml/min) the initial perindopril dosage should be adjusted according to the patient's creatinine clearance. And potassium and creatinine should be monitored on a regular basis. In some patients with bilateral
renal artery stenosis or stenosis of the artery to a solitary kidney, who have been treated with ACE inhibitors, increases in blood urea and serum creatinine, usually reversible upon discontinuation of therapy, have been seen. If renovascular hypertension is also present there is an increased risk of severe hypotension and renal insufficiency. In these patients, treatment should be started
under close medical supervision with low doses and careful dose titration. (5) Hypersensitivity/Angioedema: Angioedema of the face, extremities, lips, mucous membranes, tongue, glottis and/or larynx has been reported rarely in patients treated with ACE inhibitors, including this drug. Concomitant use of NEP inhibitors (e.g. sacubitril, racecadotril) and ACE inhibitors may also increase
the risk of angioedema. (6) Combination with mTOR inhibitors: Patients taking concomitant mTOR inhibitors (e.g. sirolimus, everolimus, temsilorimus) therapy may be at increased risk for angioedema. (7) Hepatic failure: Rarely, ACE inhibitors have been associated with a syndrome that starts with cholestatic jaundice and progresses to fulminant hepatic necrosis and (sometimes)
death. Patients receiving ACE inhibitors who develop jaundice or marked elevations of hepatic enzymes should discontinue the ACE inhibitor and receive appropriate medical follow-up. (8) Neutropenia/Agranulocytosis/Thrombocytopenia/Anemia: Perindopril should be used with extreme caution in patients with collagen vascular disease, immunosuppressant therapy, treatment with
allopurinol or procainamide, or a combination of these complicating factors, especially if there is pre-existing impaired renal function. If perindopril is used in such patients, periodic monitoring of white blood cell counts is advised and patients should be instructed to report any sign of infection (e.g. sore throat, fever). (9) Race: Perindopril may be less effective and cause a higher rate of
angioedema in black people than in non-black. (10) Cough: The cough is non-productive, persistent and resolves after discontinuation of therapy. (11) Surgery/Anaesthesia: stop treatment one day prior to surgery. (12) Hyperkalaemia: Risk factors for the development of hyperkalemia include those with renal insufficiency, worsening of renal function, age (> 70 years), diabetes mellitus,
intercurrent events, in particular dehydration, acute cardiac decompensation, metabolic acidosis and concomitant use of potassium-sparing diuretics, potassium supplements or potassium-containing salt substitutes; or those patients taking other drugs associated with increases in serum potassium. If concomitant use of the above-mentioned agents is deemed appropriate, they
should be used with caution and with frequent monitoring of serum potassium. (13) Diabetic patients: monitor glycaemia during first month. (14) Primary aldosteronism: use not recommended in patients with primary hyperaldosteronism (not responding to drugs acting through inhibition of the renin-angiotensin system). 6. Interactions (1) Drugs inducing hvperkalaemia: aliskiren,
potassium salts, potassium-sparing diuretics, ACE inhibitors, ARBs, NSAIDs, heparins, immunosuppressant agents such as ciclosporin or tacrolimus, trimethoprim. (2) Contra-indicated: Aliskiren (in diabetic or impaired renal patients), ARBs (in patients with diabetic nephropathy), potassium-sparing diuretics (e.g. spironolactone, eprelenone, triamterene, amiloride), potassium salt,
lithium, Neutral endopeptidase (NEP) inhibitor (e.g. sacubitril, racecadotril), Extracorporeal treatments. (3) Not recommended: Aliskiren (in other patients), ARBs, Estramustine, Co-trimoxazole (trimethoprim/sulfamethoxazole), mTOR inhibitors (e.g. sirolimus, everolimus, temsirolimus). (4) Special care: Antidiabetic agents (insulins, oral hypoglycaemic agents), Baclofen, Non-potassium
sparing diuretics, NSAIDs including aspirin ≥ 3g/day. (5) Some care: Antihypertensive agents, Vasodilators, Gliptines (linagliptine, saxagliptine, sitagliptine, vildagliptine), Tricyclic antidepressants, Antipsychotics, Anesthetics, Sympathomimetics, Gold. 7. Pregnancy and Breastfeeding: (1) Pregnancy: Perindopril should not be initiated during pregnancy. When pregnancy is diagnosed,
treatment with ACE inhibitors should be stopped immediately, and, if appropriate, alternative therapy should be started. (2) Breastfeeding: Alternative treatments with better established safety profiles during breast-feeding are preferable. 8. Drive and use machine: Individual reactions related to low blood pressure may occur in some patients, particularly at the start of treatment or in
combination with another antihypertensive medication. [PACKAGING] 30 tablets (Revised on 1st May 2020)

※ Please refer to the most current prescribing information for the detailed information.
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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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