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INTRODUCTION

he renoprotective effects of sodium-glucose
cotransporter 2 (SGLT-2) inhibitors, independent
of their hypoglycemic actions, have attracted consider-
able attention in recent years.'* Treatment with SGLT-
2 inhibitors is accompanied by an acute reduction in
the estimated glomerular filtration rate (eGFR), called
the initial eGFR “dip,” which may result from a
decrease in intraglomerular pressure via inhibition of
excessive action of tubuloglomerular feedback.” In
clinical trials of SGLT-2 inhibitors, the initial eGFR
dip was followed by long-term stabilization of kidney
function decline.'™ One study showed that patients
with a greater initial dip had a reduced GFR slope dur-
ing the long-term clinical course.” However, the associ-
ation between the initial dip after SGLT-2 inhibitor
administration and the histopathological or morpho-
metrical findings identified in kidney biopsy specimens
has not been analyzed in the clinical setting.
Glomerular enlargement is an important adaptive
response that ensures an optimal surface area of the
glomerular capillaries and maintains the filtration
function of the kidney. However, conditions such as
obesity, diabetes, and chronic kidney disease (CKD) can
compromise this regulatory system because of various
underlying mechanisms.*”*'"">?
Dapagliflozin is an SGLT-2 inhibitor that can
improve the long-term kidney outcomes in patients
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with CKD with or without diabetes.” This study
investigated whether morphometric nephron-level pa-
rameters (i.e., glomerular volume and glomerular den-
sity) are associated with the initial eGFR dip after
dapagliflozin administration in patients with non—
diabetic kidney disease with CKD who have under-
gone kidney biopsy. The details of study methods are
shown in the Supplementary Methods and
Supp]ementary Figure S1.

RESULTS

The selection for patients is shown in Supplementary
Figure S2. The study included 60 patients (mean age,
52 years; 71.7% male; median eGFR, 52.0 ml/min per
1.73 m* median urinary protein excretion rate was 1.13
g/day or g/g Cr). The initial visit took place a median of
49  days after  dapagliflozin  administration
(Supplementary Table S1). In all, 57 patients (95.0%)
had been treated with renin-angiotensin-aldosterone
system inhibitors before dapagliflozin administration.
The median duration from kidney biopsy to initiation
of dapagliflozin was 651 days. Clinical findings at the
time of biopsy and before dapagliflozin administration
are compared in Supplementary Table S2. IgA ne-
phropathy was the most common kidney biopsy
diagnosis, affecting 28 patients (47%). Supplementary
Table S3 shows a comparison of the clinical data at
the time of dapagliflozin administration and at the first
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Table 1. Comparisons of clinical findings among quartiles subdivided according to glomerular volume
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Glomerular volume

Characteristics Overall Q1 Q2 Q3 Q4 P value
Number of patients, n 60 15 15 15 15

Duration from start of DAPA, days 49 (28-63) 49 (28-63) 56 (28-70) 42 (35-77) 56 (28-63) 0.93
Male sex 43 (72) 9 (60) 9 (60) 11 (73) 14 (93) 0.03
Age, yr 52 + 15 49 + 14 56 + 16 49 +17 54 + 17 0.52
BMI, kg/m? 25.2 (22.9-29.8) 22.9 (21.3-27.7) 24.8 (22.4-34.4) 28.0 (24.1-31.5) 26.6 (24.9-27.5) 0.14
Hypertension 43 (72) 10 (67) 11 (73) 8 (63) 14 (93) 0.25
Diabetes 8 (13) 1) 3 (20) 2 (13) 2 (13) 0.73
Systolic BP, mm Hg 125 (119-134) 125 (116-132) 130 (120-139) 123 (113-131) 125 (123-133) 0.50
Diastolic BP, mm Hg 78 (70-84) 76 (69-82) 75 (70-84) 78 (65-84) 80 (68-86) 0.89
Hemoglobin, g/dI 141+ 20 136+ 1.9 140+ 2.7 141 +£1.7 146+ 1.4 0.57
Serum Cr, mg/dI 1.17 (0.88-1.561) 1.32 (0.77-1.71) 1.11 (0.79-1.35) 1.04 (0.77-1.57) 1.25 (1.12-1.44) 0.50
eGFR, mi/min per 1.73 m? 52.0 (37.6-66.1) 43.9 (34.7-68.6) 52.3 (38.0-63.1) 60.8 (36.1-78.9) 51.7 (37.6-569.2) 0.78
Proteinuria, g/g Cr or g/day 1.13 (0.62-2.18) 1.10 (0.84-2.00) 0.84 (0.26-2.00) 2.01 (0.76-3.28) 1.41 (0.49-3.83) 0.21
Uric acid, mg/dI 6.2 (6.5-7.4) 6.3 (6.6-7.3) 6.0 (6.3-7.2) 5.8 (6.3-7.2) 7.2 (6.5-7.6) 0.60
HbAlc, % 5.8 (6.7-6.3) 5.7 (6.3-5.8) 5.8 (6.7-7.2) 5.9 (5.8-6.3) 5.8 (6.6-7.0) 0.13
DAPA initial dose of 10 mg/day 46 (77) 12 (80) 12 (80) 12 (80) 10 (67) 0.41
RAAS inhibifor use 57 (95) 15 (100) 14 (93) 13 (87) 15 (100) 0.79
Diuretic use 702 1) 2(13) 1) 3 (20) 0.37
Time from kidney biopsy to initiation of DAPA, days 651 (246-1385) 475 (328-1056) 489 (190-1448) 560 (384-1311) 1024 (239-1546) 0.92

Data are presented as median (interquartile range), n (%), or mean =+ standard deviation.

BMI, body mass index; BP, blood pressure; Cr, creatinine; DAPA, dapagliflozin; eGFR, estimated glomerular filtration rate; HbA1c, hemoglobin Alc; Q, quartile; RAAS, renin-angiotensin-

aldosterone system.

outpatient visit after dapagliflozin administration.
Seventeen patients (28.3%) showed an initial eGFR dip,
defined as a decrease from the baseline value =10%.
The initial dip in eGFR was significantly correlated
with the rate of proteinuria reduction (Supplementary
Figure S3).

Clinical findings (Table 1) and histopathological and
morphometric data (Supplementary Table S4) were
compared among quartiles of patients subdivided ac-
cording to glomerular volume. As glomerular volume
increased, glomerular density decreased. Figure 1
shows comparisons of the frequency of an initial
eGFR dip after dapagliflozin administration among
quartiles of patients subdivided according to glomer-
ular volume and glomerular density. As volume
increased, the percentage of patients with an initial
eGFR dip increased. Among the glomerular density
quartiles, there were no differences in the percentages
of patients with an eGFR dip. Quartiles of patients
subdivided by global glomerulosclerosis and interstitial
fibrosis/tubular atrophy showed no significant differ-
ences in the frequency of an initial dip (Supplementary
Figure S4).

Supplementary Table S5 shows the results of uni-
variate and multivariate logistic analyses of the asso-
ciation between the initial dip and the glomerular
volume quartiles. In univariable analysis, glomerular
volume was associated with the initial dip after dapa-
gliflozin administration. In multivariable analyses of 2
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models consisting of different confounding factors,
glomerular volume was still an independent variable
associated with the initial dip.

Sensitivity analyses were performed in patients
with a cortical area = 4 mm? in the biopsy specimen
(n = 53), those with a = 4 year duration from kidney
biopsy to dapagliflozin administration (n = 49), and
those without diabetes (2 = 52). The results were
similar to those identified in the original study pop-
ulation (Supplementary Figure S5, Supplementary
Tables S6-S8).

DISCUSSION

We investigated the association between glomerular
volume and the initial eGFR dip in patients with CKD
treated with the SGLT-2 inhibitor dapagliflozin. Pa-
tients with a larger glomerular volume had a higher
frequency of an initial eGFR dip = 10% compared with
the baseline value.

In a post hoc analysis of the DAPA-CKD trial,” the
long-term kidney function decline in patients with an
initial dip = 10% after 2 weeks of dapagliflozin
treatment was slower than that of patients who had an
initial dip < 10%. Therefore, an initial dip = 10% is
considered a surrogate for a favorable long-term kid-
ney prognosis. Notably, most patients enrolled in
recent clinical trials of SGLT-2 inhibitors had previ-
ously been treated with renin-angiotensin-aldosterone
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Figure 1. Frequency of patients with an initial eGFR dip = 10% following dapagliflozin administration. Comparisons of frequency of patients with
an initial eGFR dip = 10% following dapagliflozin administration among quartiles of patients subdivided according to (a) glomerular volume and

(b) glomerular density. eGFR, estimated glomerular filtration rate.

system inhibitors,zssfss and SGLT-2 inhibitors may

therefore improve glomerular hyperfiltration through
tubuloglomerular feedback in concert with the intra-
glomerular effects of renin-
angiotensin-aldosterone system inhibitors.”® Our re-
sults are in line with this series of findings, as most
patients had received renin-angiotensin-aldosterone
system inhibitors before dapagliflozin. In addition,
the initial eGFR dip was greater in patients with a
large glomerular volume whose intraglomerular pres-
sure was considered relatively high. These results
indicate that patients with glomerular hypertrophy
may receive greater benefit from treatment with SGLT-
2 inhibitors.

By contrast, chronic histopathological lesions of the
kidney, such as global glomerulosclerosis and intersti-
tial fibrosis/tubular atrophy, were not associated with
an increased incidence of an initial dip after dapagli-
flozin administration. These differences imply that
global glomerulosclerosis and interstitial fibrosis/
tubular atrophy arise from a variety of kidney injury
mechanisms other than hyperfiltration and that
glomerular hypertrophy, which may directly reflect
hyperfiltration, is more closely associated with the
initial dip than these lesions representing chronic renal

pressure lowering

scarring.

In this study, the glomerular density in kidney bi-
opsy specimens was also analyzed as a candidate
parameter. Recent literature suggests that glomerular
density may indicate both the total nephron count and
nephron hypertrophy.®” *'* Notably, we did not find
an association between glomerular density and the
initial eGFR dip. Furthermore, multivariate analysis
showed that the relationship between glomerular
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volume and the initial dip was independent of
glomerular density. These results imply that glomer-
ular volume is a more suitable surrogate marker than
glomerular density with respect to the initial eGFR dip
after administration of SGLT-2 inhibitors.

This study had several important limitations. First,
the sample size was small, which may have influenced
the statistical power. Second, the data from only 2 time
points were analyzed; we therefore cannot prove a
causal relationship between the initial dip and sub-
sequent long=term kidney functional outcomes.
Third, the patient population was not homogeneous.
Fourth, we cannot exclude the possibility that the
changes in the eGFR were due to individual differ-
ences in disease progression. Lastly, the use of needle
biopsy specimens for this analysis have introduced a
sampling bias.”"’

In conclusion, our results demonstrate that glomer-
ular volume measurement before SGLT-2 inhibitor
administration may be useful to predict the subsequent
initial eGFR dip. Our findings imply that patients
presenting with glomerular hyperfiltration may benefit
from treatment with SGLT-2 inhibitors. To confirm our
present results, further studies with larger cohorts that
allow for appropriate multivariate adjustment for con-
founding factors are needed.
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