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Abstract

Background: Renal function deterioration accompanied by an acute 
decrease in estimated glomerular filtration rate (eGFR) was observed 
early after starting sodium-glucose cotransporter-2 inhibitor (SGL-
T2i) therapy. It is unclear how much and how frequently the initial 
acute decline in eGFR (IAD-eGFR) would occur after SGLT2i ad-
ministration, and the effects of IAD-eGFR on subsequent renal func-
tion are unknown in type 2 diabetes mellitus (T2DM) patients with 
chronic kidney disease (CKD).

Methods: We retrospectively recruited T2DM patients with CKD 
(stage 3b; 30 ≤ eGFR < 45 mL/min/1.73 m2) and who were newly 
treated with add-on SGLT2i. We further investigated the effects 
of SGLT2i therapy on eGFR early after starting treatment (1 - 3 
months) and after 6 months of treatment. We examined the factors 
associated with a large IAD-eGFR (≥ 10%) using logistic regression 
analyses.

Results: Eighty-seven patients (male, 74.7%; mean age, 69.8 years; 
median hemoglobin A1c, 7.3%; mean eGFR, 37.8 mL/min/1.73 m2) 
were analyzed. The mean minimum eGFR early after SGLT2i admin-
istration was 34.9 mL/min/1.73 m2, which was significantly lower 
than before treatment (mean, -7.7%). Seventy patients (80.5%) had 
IAD-eGFR, and 36 patients (41.4%) had a large IAD-eGFR (≥ 10%). 
Overall, the mean eGFR was 38.2 at 6 months after starting SGLT2i 
administration. In patients with a large IAD-eGFR (≥ 10%), the eGFR 
decreased by 72.2% at 6 months to 35.5 mL/min/1.73 m2, showing a 
significant decline from the pretreatment value. In patients without 
a large IAD-eGFR, eGFR increased by 66.7% at 6 months to 40.0 
mL/min/1.73 m2. Multiple logistic regression analysis showed that 
patients with a large IAD-eGFR had a significant association with a 
high estimated daily salt intake.

Conclusions: SGLT2i treatment frequently induced a significant de-
crease in eGFR early after starting therapy, but eGFR tended to re-
cover after 6 months in T2DM patients with CKD stage 3b. A large 
IAD-eGFR (≥ 10%) caused by SGLT2i may lead to subsequent dete-
rioration in renal function, and it was significantly associated with a 
higher estimated daily salt intake. These results suggest that a more 
effective renoprotective therapeutic strategy using SGLT2i may be 
implemented by avoiding the occurrence of a large IAD-eGFR. Fur-
ther prospective studies are warranted.
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Introduction

Diabetic nephropathy/diabetic kidney disease associated with 
type 2 diabetes mellitus (T2DM) is a serious medical prob-
lem that may be a causative factor for end-stage renal dis-
ease (ESRD) and induction to hemodialysis therapy [1]. In 
the treatment of T2DM patients with chronic kidney disease 
(CKD), adequate glycemic control and the intensive and inte-
grated renal protection therapy using angiotensin converting 
enzyme-inhibitors, angiotensin-II receptor blockers, and other 
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medications with renoprotective effects are required to avoid 
ESRD [2]. Recently, renoprotective effects of sodium-glucose 
cotransporter-2 inhibitors (SGLT2is) were reported in large 
clinical trials [3-5] and in real clinical practice [6]. However, in 
CKD-T2DM patients with reduced estimated glomerular filtra-
tion rate (eGFR), aggressive administration of SGLT2i is not 
recommended because of its attenuated hypoglycemic effects. 
Renoprotective effects by SGLT2i therapy are a desired result 
even in T2DM patients with reduced eGFR, but the clinical ef-
ficacy of SGLT2is has not been established. Recently, we have 
shown that additional administration of SGLT2i to T2DM pa-
tients with CKD stages 3b-4 could exert renoprotective effects 
of significantly attenuating annual eGFR decline and signifi-
cantly reducing proteinuria excretion [7]. In the future, it could 
be postulated that SGLT2i therapy may be a beneficial consid-
eration in T2DM patients with CKD with reduced eGFR from 
the viewpoint of renal protection.

Previous clinical studies have reported the presence of 
“initial acute decline in eGFR (IAD-eGFR),” which occurs in 
the early phase (1 - 3 months) after starting SGLT2i admin-
istration [8, 9]. In diabetes, abnormal tubuloglomerular feed-
back (TGF) by augmented reabsorption of glucose/sodium in 
the proximal tubule causes dilation of the afferent glomerular 
arteriole, resulting in increased intra-glomerular pressure and 
glomerular hyperfiltration. SGLT2i treatment produces IAD-
eGFR by reducing glomerular hyperfiltration via improving 
TGF [10]. Although SGLT2i therapy produces IAD-eGFR, it 
is thought that the subsequent rate of eGFR decrease (slope) 
becomes slower and exerts renoprotective effects in the long 
term [11]. In many CKD-T2DM patients, rapid eGFR decline 
is often observed, and the already reduced eGFR could fur-
ther be lowered by IAD-eGFR after starting SGLT2i therapy, 
which may induce sudden and additional renal functional de-
terioration. Thus, physicians could hesitate to start SGLT2i 
administration.

Currently, it is unknown how much and how frequently 
IAD-eGFR occurs in T2DM patients with CKD stage 3b in 
real clinical practice. In addition, the effects of IAD-eGFR 
on subsequent renal function are also unknown. Here, we ret-
rospectively investigated the IAD-eGFR induced by starting 
SGLT2i therapy in T2DM patients with CKD stage 3b in a 
routine real clinical setting.

Materials and Methods

Study population and study protocol

Based on clinical information from hospital medical records, 
we retrospectively identified Japanese outpatients with T2DM 
who were newly treated with SGLT2i between April 2014 and 
December 2019 in the Diabetes Care Center at Jinnouchi Hos-
pital, Kumamoto, Japan. Among them, we selected patients 
who also had moderate renal impairment defined as CKD 
stage 3b (30 ≤ eGFR < 45 mL/min/1.73 m2) at the initiation of 
SGLT2i therapy. Finally, we selected patients with T2DM and 
moderate renal impairment who continued to use SGLT2i for 
at least 6 months and whose acute phase eGFR data during the 

initial 3 months after SGLT2i therapy were available to ana-
lyze. The exclusion criteria were as follows: type 1 DM, unsta-
ble cardiovascular diseases, active inflammation, autoimmune 
diseases, infectious diseases, severe liver disease, dementia, 
and cancer. Patients with newly diagnosed DM who were not 
undergoing any form of treatment and those with ketosis were 
also excluded. This cohort consisted of patient data obtained 
from a routine clinical database at Jinnouchi Hospital. We 
primarily investigated the initial acute changes in eGFR after 
SGLT2i therapy. If there were two or three eGFR data during 
the initial 3 months after SGLT2i therapy, we selected the low-
est eGFR value as the representative initial acute-phase eGFR 
data. The primary outcome was a quantitative assessment of 
the initial acute changes in eGFR (mL/min/1.73 m2) and per-
cent changes in eGFR. We also analyzed eGFR at 6 months 
after SGLT2i therapy. This was a retrospective, observational, 
single-arm, and single center study. The study was conducted 
in accordance with the Declaration of Helsinki and was ap-
proved by the Human Ethics Review Committee of Jinnouchi 
Hospital (2019-11-(1)) Signed informed consent was obtained 
from each patient. The study was registered under the Univer-
sity Hospital Medical Information Network (UMIN) protocol 
registration system (ID: UMIN R000045509).

Assessments and measurement of clinical parameters

We collected clinical information pertaining to medical treat-
ments, complications, family history, and medical history. We 
also collected data on body weight, height, blood pressure, 
and pulse rate. Analyses of blood and urine were conducted 
in the hospital laboratory to measure hemoglobin (Hb), hema-
tocrit, blood glucose, HbA1c, albumin, creatinine, blood urea 
nitrogen, urinary protein, sodium, and urinary creatinine. For 
the semi-quantitative assessments of urinary protein excretion 
(urinary protein concentration > 30 mg/dL) and hematuria (> 
10 red blood cells/µL), we also examined the results of a dip-
stick urine test. The eGFR (mL/min/1.73 m2) was calculated 
using the formula from the Japanese Society of Nephrology 
[12] before SGLT2i therapy (1 year before) at the initiation of 
SGLT2i therapy and after therapy (1 - 6 months). We calculat-
ed the pre-treatment annual changes, the initial acute changes, 
and the post-treatment 6 months changes in eGFR by the fol-
lowing formula: pretreatment annual eGFR change = (eGFR 
at starting SGLT2i therapy) - (eGFR at 1-year ago from start-
ing SGLT2i therapy); initial acute eGFR change = (minimum 
eGFR during initial 3 months after SGLT2i therapy) - (eGFR 
at starting SGLT2i therapy); post-treatment 6 months eGFR 
change = (eGFR after 6 months SGLT2i therapy) - (eGFR at 
starting SGLT2i therapy).

Daily salt intake was calculated using the Tanaka method 
[13]; it was estimated based on the calculation of 24-h sodium 
and creatinine levels from spot urine samples. The Tanaka 
method is recommended in the Japanese hypertension guide-
line 2019 because of its convenience and reliability. Estimated 
daily salt intake (g/day) was calculated using the following 
formula: 24-h urinary salt excretion (g/day) = 0.0585 × 21.98× 
(UNa (mEq/L)/UCr (mg/L) × (-2.04 × age + 14.89 × weight (kg) 
+ 16.14 × height (cm) - 2244.45))0.392. In this formula, sodium 
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and creatinine concentrations were determined from the spot 
urine samples that were collected in the morning.

Measurement of body component

Elementary body composition, including total fat mass, total 
body muscle mass, total body water (ToBW), extracellular 
water (ECW), intracellular water (ICW), and skeletal muscle 
mass (SMM), was measured using a direct segmental multi-
frequency bioelectrical impedance analyzer (InBody770) [14]. 
This analyzer processes 30 impedance measurements by using 
six different frequencies (1, 5, 50, 250, 500, and 1000 kHz) at 
each of five segments of the body (right arm, left arm, trunk, 
right leg, and left leg) and 15 reactance measurements using 
tetrapolar eight-point tactile electrodes at three different fre-
quencies (5, 50, and 250 kHz) at each of the five body seg-
ments (right arm, left arm, trunk, right leg, and left leg) [15, 
16].

Statistical analyses

The primary endpoint of the present study was treatment-in-
duced IAD-eGFR. We analyzed the significant acute reduction 
in eGFR during the initial phase after SGLT2i therapy. To in-
vestigate the effects of SGLT2i therapy on eGFR, we compared 
values of eGFR at the initiation of SGLT2i therapy (baseline) 
during the initial 3 months and at 6 months after starting ther-
apy. We also analyzed the percent changes in the initial acute 
change in eGFR compared with the eGFR values when SGL-
T2i therapy was started (baseline). Percent changes in eGFR 
were calculated by the following formula: percent change in 
initial acute change in eGFR (%) = initial acute eGFR change 
× 100/eGFR at starting SGLT2i therapy (baseline) Because the 
Canagliflozin and Renal Events in Diabetes with Established 
Nephropathy Clinical Evaluation (CREDENCE) study demon-
strated an approximate 10% decline in eGFR during the initial 
phase of SGLT2i therapy [4], patients with a large IAD-eGFR 
were tentatively defined as having a larger IAD-eGFR ≥ 10.0% 
in our present study. We compared clinical backgrounds, com-
plications, medications, body weight, body mass index (BMI), 
blood pressure, pulse rate, body components, and estimated 
daily salt intake between patients with or without the large 
IAD-eGFR. We also investigated the effects of the presence 
of a large IAD-eGFR (≥ 10%) on the 6-month eGFR change. 
Data pertaining to normally distributed continuous variables 
(determined by the Shapiro-Wilk test) are presented as the 
mean (standard deviation (SD)), while those of continuous 
variables with a skewed distribution are presented as median 
values (interquartile range). Differences in the baseline char-
acteristics of the two groups were analyzed using the Student’s 
t-test, the Mann-Whitney U test, or Fisher’s exact test for cat-
egorical data, as appropriate. The serial changes in eGFR and 
differences of the paired data in each group were analyzed by 
Student’s paired t-test. To determine the factors that were as-
sociated with a large IAD-eGFR (≥ 10%), a logistic regression 
analysis was used to evaluate the association between a large 

IAD-eGFR (≥ 10%) and baseline clinical variables, including 
the age, sex, BMI, HbA1c, casual plasma glucose, diabetes du-
ration, medications, complications, Hb, albumin, blood pres-
sure, pulse rate, and several measurements of body composi-
tion. Associations between groups and all other parameters 
were analyzed first by a univariate logistic regression analysis. 
This was followed by a multivariate logistic regression analy-
sis using the forced inclusion model with all significant factors 
in the univariate logistic regression analysis (P < 0.05), and the 
Hosmer-Lemeshow goodness-of-fit statistic was calculated. A 
P value < 0.05 was considered to be statistically significant. 
Statistical analyses were performed using the Statistical Pack-
age for Social Sciences software program, version 23 (SPSS 
Inc., IBM, Tokyo, Japan).

Results

Patient baseline clinical parameters

A total of 1,553 Japanese stable T2DM patients who were 
newly treated with SGLT2i were initially identified, 123 
(7.9%) of whom had moderate CKD (stage 3b) at the initia-
tion of SGLT2i therapy. Thirty-six patients were excluded be-
cause the eGFR acute phase data during the initial 3 months 
after starting SGLT2i therapy were not available or they were 
not treated with SGLT2is for over 6 months as of December 
2019. We retrospectively analyzed a final cohort of 87 patients, 
whose baseline clinical parameters are shown in Table 1. The 
mean age was 69.8 years, 74.7% were male, mean duration of 
T2DM was 21.7 years, and mean BMI was 26.9 kg/m2. Over-
all, more than 90% of patients had complications of hyperten-
sion and dyslipidemia, 40.2% of had a history of cerebrovascu-
lar/cardiovascular diseases, and 60.9% of patients had diabetic 
retinopathy. The median HbA1c value was 7.3%, and 32.2% of 
patients were treated with metformin, while 60.9% were treat-
ed with insulin. The attending physicians at Jinnouchi Hospital 
started SGLT2i at their own discretion to improve glycemic 
control, and the starting treatment doses of SGLT2i were regu-
larly established in Japanese clinical practice (dapagliflozin, 
5 mg/day; empagliflozin, 10 mg/day; canagliflozin, 100 mg/
day; ipragliflozin, 50 mg/day; luseogliflozin, 2.5 mg/day; and 
tofogliflozin, 20 mg/day). Mean eGFR was 37.8 mL/min/1.73 
m2 at the initiation of SGLT2i therapy. Additionally, 44.8% of 
patients had proteinuria (urinary protein concentration > 30 
mg/dL), and 32.3% had hematuria (> 10 red blood cells/µL). 
Urinary albumin was not measured in the present study.

Initial acute changes in eGFR after starting SGLT2i ther-
apy

Overall, eGFR significantly decreased from 37.8 ± 4.5 to 34.9 
± 5.8 mL/min/1.73 m2 during the initial acute phase after 
staring SGLT2i therapy (Fig. 1). The mean value of the ini-
tial acute change in eGFR was -2.9 mL/min/1.73 m2, and the 
maximum value of initial acute change in eGFR was -13.1 mL/
min/1.73 m2. No patient acutely developed ESRD (eGFR less 
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than 15 mL/min/1.73 m2) after the start of SGLT2i therapy in 
the present study. Figure 2 shows the distribution of the per-
cent changes in the initial acute change in eGFR after SGLT2i 
therapy. The mean percent change in the initial acute change in 
eGFR was -7.7%, and the maximum percent change in the ini-
tial acute change in eGFR was -33.2%. During the initial acute 
phase after SGLT2i therapy, eGFR decreased in 80.5% of total 
patients, and we first found that 19.5% of patients with CKD 
stage 3b did not have any reduction in eGFR (Figs. 3a, 4). We 
found that 39.1% of patients (n = 34) had mild IAD-eGFR 
(0-10%), 41.4% of patients (n = 36) had a large IAD-eGFR ≥ 
10% (Fig. 3b), and 10.3% of patients (n = 9) had a severe IAD-
eGFR ≥ 20% in the present study (Fig. 4).

Effects of IAD-eGFR on eGFR 6 months after starting 
SGLT2i therapy

Overall, for T2DM patients with CKD, eGFR did not signifi-
cantly decrease from the start of SGLT2i to 6 months (mean 
eGFR, 37.8 to 38.2 mL/min/1.73 m2, P = 0.49). In patients 
with any IAD-eGFR (n = 70), the mean eGFR value signifi-
cantly decreased from 37.9 ± 4.5 mL/min/1.73 m2 at baseline 
to 33.5 ± 5.3 mL/min/1.73 m2 in the acute phase (P < 0.01), 
and eGFR almost recovered to 37.1 ± 5.9 mL/min/1.73 m2 
at 6 months. In patients with a mild IAD-eGFR (0-10%) (n 
= 34), the mean eGFR value significantly decreased in the 

Table 1.  Clinical Characteristics of Patients

Total patients 
(n = 87)

Large IAD-eGFR 
(≥ 10%) (n = 36)

No or mild IAD-eGFR 
(< 10%) (n = 51) P value

Age (years) 69.8 ± 9.5 68.6 ± 11.5 70.7 ± 7.8 0.34
Sex (male %) 74.7 66.7 80.4 0.21
BMI (kg/m2) 26.9 ± 3.5 26.9 ± 4.1 27.0 ± 3.6 0.92
Hypertension (%) 90.8 91.7 90.2 1.00
Dyslipidemia (%) 92.0 94.4 90.2 0.70
Current smoking (%) 17.2 19.4 15.7 0.78
Retinopathy (%) 60.9 63.9 56.6 0.66
Cerebral or cardiovascular diseases (%) 40.2 38.9 41.2 1.00
Duration of diabetes (years) 21.7 ± 9.4 23.2 ± 9.2 20.7 ± 9.4 0.23
HbA1c (%) 7.3 (6.6 - 8.0) 7.0 (6.4 - 8.2) 7.4 (6.8 - 7.9) 0.44
Casual plasma glucose (mg/dL) 185 (143 - 232) 181 (126 - 201) 194 (150 - 238) 0.10
Anti-diabetic medicine (%)
  Sulfonylureas (%) 19.5 13.9 23.5 0.29
  Glinide (%) 11.5 16.7 7.8 0.31
  Metformin (%) 32.2 27.8 35.3 0.49
  Alpha-glucosidase inhibitor (%) 21.8 22.2 21.6 1.00
  Thiazolidinedione (%) 5.7 0.0 9.8 0.07
  DPP-4 inhibitor (%) 43.7 41.7 45.1 0.83
  GLP-1 receptor agonist (%) 13.8 19.4 9.8 0.22
  Insulin (%) 60.9 69.8 54.9 0.19
Additional SGLT2i (Dapa/Empa/Cana/Ipra/Luse/Tofo) (%) 35/16/1/6/38/4 33/14/0/6/44/3 35/18/2/6/33/6
Treatment duration of SGLT2i (months) 37.8 ± 4.6 37.2 ± 4.6 38.2 ± 4.5 0.32
Proteinuria (> 30 mg/dL) (%) 44.8 58.3 35.3 0.049
Hematuria (> 10 red blood cells/µL) (%) 32.2 38.9 27.5 0.35
Treatment with ACEi or ARB (%) 70.1 75.0 66.7 0.48
Treatment with diuretics (%) 28.7 36.1 23.5 0.23
Treatment with β-blockers (%) 46.0 41.7 49.0 0.52
Treatment with statin (%) 79.3 83.3 76.5 0.59
Start of SGLT2i therapy (from spring or summer) (%) 36.8 44.4 31.4 0.26

SGLT2i: sodium-glucose cotransporter-2 inhibitor; DPP-4: dipeptidyl peptidase; GLP-1: glucagon like peptide-1; eGFR: estimated glomerular filtra-
tion rate; IAD-eGFR: initial acute decline in eGFR; BMI: body mass index; Hb: hemoglobin; ACEi: angiotensin converting enzyme inhibitor; ARB: an-
giotensin-II receptor blocker; Dapa: dapagliflozin; Empa: empagliflozin; Cana: canagliflozin; Ipra: ipragliflozin; Luse: luseogliflozin; Tofo: tofogliflozin.
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acute phase (P < 0.01), and eGFR completely recovered to 
the baseline levels at 6 months. In patients with a large IAD-
eGFR (10-20%) (n = 27) and severe IAD-eGFR (≥ 20%) (n 
= 9), eGFR significantly decreased in the acute phase (p < 
0.01), and eGFR did not fully recover to the baseline levels at 
6 months (Fig. 4). In contrast, the mean eGFR value signifi-
cantly increased from 37.7 ± 4.9 mL/min/1.73 m2 at baseline 
to 40.7 ± 4.7 mL/min/1.73 m2 in the acute phase (P < 0.01), 
and eGFR further increased to 42.4 ± 5.9 mL/min/1.73 m2 at 
6 months in patients without any IAD-eGFR (n = 17, Fig. 4). 
Figure 5 demonstrates the mean change in eGFR over time in 
the two groups with or without a large IAD-eGFR (≥ 10%). 
In patients with a large IAD-eGFR (≥ 10%), mean values of 
eGFR significantly decreased from 37.2 to 31.0 mL/min/1.73 
m2 (P < 0.01) in the initial acute phase, while patients without 
a large IAD-eGFR (no IAD-eGFR or mild IAD-eGFR) did 

not have significant reduction in eGFR and could successfully 
maintain eGFR levels (mean; 38.2 to 37.7 mL/min/1.73 m2) in 
the initial acute phase after SGLT2i therapy (Fig. 5). When we 
retrospectively investigated the effects of a large IAD-eGFR 
(≥ 10%) on eGFR at 6 months after SGLT2i therapy, eGFR 
significantly decreased from baseline values in patients with 
a large IAD-eGFR (≥ 10%) but not in those without a large 
IAD-eGFR (Fig. 5). eGFR values were significantly elevated 
from baseline levels in patients without a large IAD-eGFR 
(Fig. 5). At 6 months after SGLT2i therapy, we found a sig-
nificant difference in eGFR between these two groups (Fig. 
5). Overall, 43 patients (49.4%) demonstrated a reduction in 
eGFR at 6 months after baseline (Fig. 6). The frequency of pa-
tients with any reduction in the 6-month eGFR from baseline 
levels was significantly greater in patients with a large IAD-
eGFR (≥ 10%) in 72.2% compared with that of those without 
a large IAD-eGFR in 33.3% (P < 0.01) (Fig. 6).

Figure 1. IAD-eGFR after starting SGLT2i therapy in T2DM patients 
with CKD stage 3b. The line graph indicates serial changes in eGFR 
before and early after treatment with SGLT2is. The serial changes in 
eGFR were analyzed by Student’s paired t-test (n = 87, P < 0.01). SGL-
T2i: sodium-glucose cotransporter-2 inhibitor; eGFR: estimated glo-
merular filtration rate; IAD-eGFR: initial acute decline in eGFR; SEM: 
standard error of mean; SD: standard deviation.

Figure 2. Distribution of percent changes in IAD-eGFR after starting 
SGLT2i therapy in T2DM patients with CKD stage 3b. Bar histogram 
indicates patient number in each percent change in eGFR. eGFR: 
estimated glomerular filtration rate; IAD-eGFR: initial acute decline in 
eGFR; SGLT2i: sodium-glucose cotransporter-2 inhibitor; T2DM: type 
2 diabetes mellitus; CKD: chronic kidney disease.

Figure 3. Proportion of IAD-eGFR after starting SGLT2i therapy in 
T2DM patients with CKD stage 3b. (a) Proportion of any eGFR decline 
in and (b) proportion of large eGFR decline more than 10%. eGFR: 
estimated glomerular filtration rate; IAD-eGFR: initial acute decline in 
eGFR; SGLT2i: sodium-glucose cotransporter-2 inhibitor; T2DM: type 
2 diabetes mellitus; CKD: chronic kidney disease.

Figure 4. Time course effects of IAD-eGFR after starting SGLT2i ther-
apy on levels of 6 months eGFR in T2DM patients with CKD stage 
3b. The line graph indicates serial changes in eGFR before and after 
treatment with SGLT2is according to the degree of IAD-eGFR. eGFR: 
estimated glomerular filtration rate; IAD-eGFR: initial acute decline in 
eGFR; SGLT2i: sodium-glucose cotransporter-2 inhibitor; T2DM: type 
2 diabetes mellitus; CKD: chronic kidney disease.
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Comparison of baseline parameters in patients with or 
without a large IAD-eGFR (≥ 10%)

When we divided the patients into two groups to compare the 
patients with or without a large IAD-eGFR (≥ 10%), there 
were no significant differences in age, gender, body weight, 
BMI, complications, medications, blood pressure, pulse rate, 
ToBW, or total body fat mass between the groups (Tables 1, 
2). Baseline values of eGFR, HbA1c, and casual plasma glu-
cose tended to be lower, and the diabetes duration tended to 
be longer in the group with a large IAD-eGFR (≥ 10%) (Table 
1). The percentage of proteinuria was significantly higher in 
patients with a large IAD-eGFR (≥ 10%) (Table 1). The Hb 
and serum albumin concentration were significantly lower, 
and the amounts of estimated daily salt intake and the percent 
of ECW to ToBW were significantly higher in patients with a 
large IAD-eGFR (≥ 10%) (Table 2).

Logistic regression analysis for a large IAD-eGFR (≥ 10%)

A univariate logistic regression analysis with various baseline 
parameters showed that the presence of proteinuria, estimated 
daily salt intake, percentage of ECW to ToBW, serum albumin, 
and Hb were significantly correlated with occurrence of a large 
IAD-eGFR (≥ 10%) (Table 3). Forced inclusion of multivari-
ate logistic regression analysis with all the above significant 
factors showed that only an estimated daily salt intake was sig-
nificantly correlated with a large IAD-eGFR (≥ 10%) (odds ra-
tio: 1.334; 95% confidence interval: 1.023 to 1.738; P = 0.033). 
The Hosmer-Lemeshow statistic was appropriate (P = 0.87).

Discussion

SGLT2i treatment in T2DM patients with CKD stage 3b 

caused a decrease in eGFR in many patients (over 80%) in the 
early phase after the start of treatment at a Japanese outpatient 
clinic, and this decrease in eGFR was a significant change. A 
large IAD-eGFR (≥ 10%) due to SGLT2i was present in 41.1% 
of patients, and the occurrence of a large IAD-eGFR (≥ 10%) 
was significantly associated with a highly estimated daily salt 
intake before treatment. Furthermore, eGFR at 6 months af-
ter SGLT2i treatment was significantly lower than that before 
treatment in patients with a large IAD-eGFR (≥ 10%).

It is presumed that hyperglycemia and increased glucose 
urine induce SGLT2 up-regulation in the proximal tubule and 
abnormal tubuloglomerular feedback (TGF), and this TGF 
abnormality causes glomerular overload due to glomerular 
hypertension and hyper-filtration, leading to renal damage 
[10]. Glomerular hyper-filtration in diabetes is considered to 
be the causative condition of renal damage in the early stage 
of diabetes and in patients whose eGFR levels were relatively 
maintained [17]. However, it is unclear how much glomeru-
lar hyper-filtration is present in patients with impaired renal 
function with already reduced eGFR and how it is involved 
in subsequent changes in renal function. Although it has been 
reported that SGLT2i treatment causes IAD-eGFR in large-
scale clinical trials to date [4, 5, 8, 9], most of the subjects 
examined in these studies were patients with normal eGFR 
or preserved eGFR. IAD-eGFR in affected patients with re-
duced eGFR is still unknown. A recent small-scale prospec-
tive study reported that IAD-eGFR in CKD stage 3b patients 
was not particularly observed and did not cause a significant 
decrease [18], and a sub-analysis of the CREDENCE study 
showed that IAD-eGFR was not significantly observed, and 
they reported that the changes in eGFR were the smallest in 
CKD stage 3b patients [19]. In the real world data from our 

Figure 5. Time course effects of large IAD-eGFR (≥ 10%) after start-
ing SGLT2i therapy on levels of 6 months eGFR in T2DM patients with 
CKD stage 3b. The line graph indicated serial changes in eGFR before 
and after treatment with SGLT2is according to the presence or absence 
of large IAD-eGFR (≥ 10%). eGFR: estimated glomerular filtration rate; 
IAD-eGFR: initial acute decline in eGFR; SGLT2i: sodium-glucose 
cotransporter-2 inhibitor; T2DM: type 2 diabetes mellitus; CKD: chronic 
kidney disease; SEM: standard error of mean.

Figure 6. Effects of large IAD-eGFR (≥ 10%) after starting SGLT2i 
therapy on the changes in 6 months eGFR in T2DM patients with CKD 
stage 3b. eGFR: estimated glomerular filtration rate; IAD-eGFR: initial 
acute decline in eGFR; SGLT2i: sodium-glucose cotransporter-2 inhibi-
tor; T2DM: type 2 diabetes mellitus; CKD: chronic kidney disease.



Articles © The authors   |   Journal compilation © J Clin Med Res and Elmer Press Inc™   |   www.jocmr.org730

Initial eGFR Drop by SGLT2 Inhibitor in CKD J Clin Med Res. 2020;12(11):724-733

daily clinical practice, IAD-eGFR was observed in more than 
80% of CKD-3b diabetic patients, and a significant decrease 
in eGFR (-7.7%) was confirmed in the entire population. This 
suggests that early eGFR changes after SGLT2i treatment in 
patients with impaired renal function who participated in a 
prospective clinical study may differ from eGFR responses in 
the real world clinical patients. Because IAD-eGFR was found 
in many patients with renal dysfunction (CKD stage 3b) in the 
present study, there is a hyper-filtration state in each residual 
glomerulus even in patients with advanced renal dysfunction. 
These results also suggest that SGLT2i treatment may lead to 
a reduction in glomerular hyper-filtration even in patients with 
advanced CKD. IAD-eGFR is considered to be a reversible 
and beneficial phenomenon because SGLT2i and correction of 
the TGF abnormality cause a reduction in glomerular overload 

in diabetes [17]. However, based on the results of this study in 
actual clinical practice, in some patients with CKD stage 3b 
with already decreased eGFR, a significantly large decrease 
in eGFR occurs during the early phase of SGLT2i treatment, 
which leads to a further decrease in eGFR with long-term 
therapy. We considered that it should be necessary to carefully 
observe and treat CKD patients after starting SGLT2i.

Our present study showed for the first time that approxi-
mately 20% of CKD stage 3b diabetic patients did not have 
IAD-eGFR due to SGLT2i treatment (No-IAD-eGFR). In this 
patient group, eGFR after SGLT2i treatment was unexpectedly 
increased from the early phase after the start of treatment. In 
patients with No-IAD-eGFR, it is speculated that glomerular 
hyper-filtration did not already exist. However, SGLT2i treat-
ment resulted in renal protection by reducing tubulointersti-

Table 2.  Clinical and Body Composition Parameters Before Treatment With SGLT2i

Total patients  
(n = 87)

Large IAD-eGFR  
(≥ 10%) (n = 36)

No or mild IAD-eGFR  
(< 10%) (n = 51) P value

Body weight (kg) 70.8 (62.4 - 78.0) 70.0 (60.8 - 76.8) 70.8 (62.4 - 78.5) 0.45
Waist circumference (cm) 95.0 ± 11.5 93.4 ± 13.0 96.2 ± 10.2 0.31
Hb (g/dL) 13.2 ± 1.5 12.7 ± 1.3 13.5 ± 1.5 0.01
Serum creatinine (mg/dL) 1.40 ± 0.21 1.40 ± 0.23 1.40 ± 0.19 0.99
Blood urea nitrogen (mg/dL) 21.5 ± 5.7 21.6 ± 6.1 21.4 ± 5.4 0.86
Serum albumin (mg/dL) 4.1 (3.8 - 4.3) 3.9 (3.8 - 4.1) 4.1 (3.9 - 4.3) 0.019
Systolic blood pressure (mm Hg) 132 ± 14 132 ± 14 133 ± 15 0.70
Diastolic blood pressure (mm Hg) 71 ± 13 70 ± 14 72 ± 12 0.55
Pulse pressure (mm Hg) 61 ± 12 62 ± 12 61 ± 13 0.83
Pulse rate (beats/min) 73 (68 - 80) 73 (68 - 77) 73 (68 - 82) 0.44
Estimated daily salt intake (g/day) 8.8 (7.8 - 10.6) 10.3 (8.1 - 11.1) 8.4 (7.8 - 9.5) 0.016
Body composition by InBody
  ToBW (kg) 35.5 ± 5.9 35.2 ± 4.9 35.7 ± 6.6 0.74
  Body-ToBW percentage (%) 50.1 ± 6.1 50.6 ± 6.9 49.8 ± 5.6 0.57
  ECW (kg) 13.9 ±2.3 13.9 ± 2.0 13.9 ± 2.6 0.99
  Body weight-ECW percentage (%) 19.7 ± 2.4 20.0 ± 2.7 19.5 ± 2.1 0.31
  ICW (kg) 21.5 ± 2.6 21.3 ± 2.9 21.6 ± 4.0 0.64
  Body weight-ICW percentage (%) 30.4 ± 3.7 30.6 ± 4.2 30.2 ± 3.3 0.68
  Percentage of ECW to ToBW (%) 39.3 ± 0.9 39.6 ± 1.0 39.1 ± 0.8 0.03
  Total body fat (kg) 23.3 ± 7.5 22.7 ± 8.6 23.7 ± 6.7 0.57
  Body weight-fat percentage (%) 32.3 ± 8.1 31.6 ± 9.2 32.8 ± 7.2 0.55
  Total body muscle mass (kg) 45.3 ± 7.5 45.0 ± 6.2 45.5 ± 8.4 0.75
  Body-muscle percentage (%) 64.0 ± 7.7 64.7 ± 8.8 63.5 ± 6.9 0.55
  SMM (kg) 26.0 ± 4.6 25.7 ± 3.8 26.2 ± 5.2 0.67
  Body-SMM percentage (%) 36.7 ± 4.7 37.0 ± 5.4 36.5 ± 4.3 0.69
Urinary specific gravity 1.015 (1.010 - 1.020) 1.015 (1.010 - 1.020) 1.015 (1.010 - 1.019) 0.11
Annual eGFR decline before SGLT2i (mL/min/1.73 m2) -3.71 ± 4.04 -2.88 ± 3.93 -4.28 ± 4.05 0.11
Annual eGFR decline before SGLT2i (%) -8.32 ± 9.50 -6.51 ± 10.11 -9.56 ± 8.94 0.16

eGFR: estimated glomerular filtration rate; IAD-eGFR: initial acute decline in eGFR; Hb: hemoglobin; ToBW: total body water; ECW: extracellular 
water; ICW: intracellular water; SMM: skeletal muscle mass; SGLT2i: sodium-glucose cotransporter-2 inhibitor.



Articles © The authors   |   Journal compilation © J Clin Med Res and Elmer Press Inc™   |   www.jocmr.org 731

Sugiyama et al J Clin Med Res. 2020;12(11):724-733

tial damage [6] and metabolic stress in proximal tubules [20], 
resulting in eGFR elevation. We believe that this increase in 
eGFR does not mean that the SGLT2i treatment causes fur-
ther glomerular hyper-filtration, but rather, it is considered to 
be a recovery and improvement in renal function by SGLT2i 
treatment, which might be a beneficial phenomenon for renal 
protection. Because there are No-IAD-eGFR patients, this in-
dicates that IAD-eGFR is not an essential phenomenon that 
is induced by SGLT2i treatment. This suggests that there is 
a clinical possibility that the development of IAD-eGFR can 
be avoided by some clinical strategies when starting SGLT2i.

Before conducting this retrospective study, we expect-
ed that initiation of SGLT2i treatment in patients with poor 
glycemic control and hyperglycemia would result in a large 
IAD-eGFR, but HbA1c and blood glucose levels were not sig-

nificantly associated with a large IAD-eGFR. Here, we have 
revealed that large IAD-eGFR is significantly associated with 
excessive salt intake before SGLT2i treatment in the results 
of a multivariate logistic regression analysis. It has been pro-
posed that excessive salt intake is involved in deterioration of 
renal function [21]. Because SGLT2i suppresses glucose and 
sodium reabsorption in the proximal tubules to the same ex-
tent, it has been suggested that glomerular hyper-filtration that 
is caused by excessive salt intake could be also be improved by 
SGLT2i treatment [17]. If sufficient salt-reducing instructions 
and low-salt diet therapy are achieved before starting SGLT2i 
treatment, it may be possible to avoid development of large 
IAD-eGFR, which may lead to more effective renal protec-
tion treatment. Expected results should be verified by future 
prospective research.

Table 3.  Logistic Regression Analysis for a Large IAD-eGFR More Than 10% of Among Pretreatment Factors

Baseline variable
Univariate logistic regression Multivariate logistic regression 

using forced inclusion model
OR 95% CI P OR 95% CI P

Age (per 1.0; year) 0.977 0.933 - 1.022 0.308
Gender (male) 0.488 0.183 - 1.300 0.151
Body mass index (per 1.0) 0.994 0.887 - 1.114 0.920
Body weight (per 1.0; kg) 0.980 0.944 - 1.018 0.980
Hypertension (yes) 1.196 0.267 - 5.356 0.815
Dyslipidemia (yes) 1.848 0.338 - 10.102 0.479
Current smoker (yes) 1.297 0.424 - 3.970 0.648
CVD history (yes) 0.909 0.380 - 2.174 0.830
DM retinopathy (yes) 1.237 0.514 - 2.984 0.634
HbA1c (per 1.0; %) 1.001 0.967 - 1.037 0.945
Duration of DM (per 1.0; years) 1.029 0.984 - 1.078 0.229
Insulin therapy (yes) 1.867 0.760 - 4.584 0.173
eGFR (per 1.0; mL/min/1.73 m2) 0.953 0.867 - 1.048 0.320
Presence of proteinuria (yes) 2.567 1.068 - 6.168 0.035 1.789 0.539 - 5.945 0.342
Presence of hematuria (yes) 1.682 0.677 - 4.176 0.263
Annual eGFR decline (per 1.0; %) 0.920 0.844 - 1.002 0.054
ACEi or ARB treatment (yes) 1.500 0.578 - 3.890 0.404
Diuretics treatment (yes) 1.837 0.719 - 4.696 0.204
Systolic BP (per 1.0; mmHg) 0.994 0.964 - 1.025 0.699
Estimated daily salt intake (per 1.0; g/day) 1.324 1.062 - 1.649 0.013 1.334 1.023 - 1.738 0.033
Body-fat percentage (per 1.0; %) 0.982 0.926 - 1.040 0.530
Percent of ToBW to weight (per 1.0; %) 1.023 0.948 - 1.105 0.554
Percent of ECW to ToBW (per 1.0; %) 1.879 1.059 - 3.333 0.031 1.152 0.587 - 2.262 0.680
Serum albumin (per 0.1; mg/dL) 0.878 0.775 - 0.995 0.042 0.874 0.724 - 1.056 0.162
Hb (per 1.0; g/dL) 0.655 0.469 - 0.916 0.013 0.656 0.409 - 1.050 0.079
Urinary specific gravity (per 0.001) 0.948 0.888 - 1.012 0.108

OR: odds ratio; CI: confidence interval; CVD: cerebro-cardio vascular disease; DM: diabetes mellitus; Hb: hemoglobin; eGFR: estimated glomerular 
filtration rate; ACEi, angiotensin converting enzyme inhibitor; ARB: angiotensin-II receptor blocker; BP: blood pressure; ToBW: total body water; 
ECW: extracellular water; Hosmer-Lemeshow test showed P = 0.87 in multivariate analysis.
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In CKD - stage 3b patients, residual renal function has al-
ready decreased to 50% or less compared with that of healthy 
subjects and avoiding ESRD requires intensive treatment to 
minimize the decrease in the eGFR slope in the future. Dia-
betics with an annual eGFR decline of 7.5% or more have a 
poor renal prognosis [22]. In the present study, we found that 
SGLT2i-induced IAD-eGFR showed a 7.7% decrease in eGFR 
within 3 months after starting drug administration. After start-
ing SGLT2i treatment, an acute and transient eGFR decline 
has been observed in the early stage, but thereafter, the de-
cline in the eGFR slope gradually decreased and became flat; 
this shows that there is a renal protective effect with long-term 
treatment [11]. From our present study, IAD-eGFR was also 
observed in many patients with CKD stage 3b, but thereafter, 
the eGFR level increased and tended to recover for 6 months 
after the start of treatment. When IAD-eGFR was less than 
10%, the eGFR level decreased transiently in the early stage 
of treatment, but after 6 months, it was almost completely re-
stored to the level at the start of treatment. However, in pa-
tients with a large IAD-eGFR (≥ 10%), a recovery trend was 
observed starting from the early decrease in the eGFR value 
towards 6 months, but sufficient recovery to the value at the 
start of treatment was not obtained, and the eGFR levels at 
6 months were significantly lower than those at the start of 
treatment. In the future, it may be useful to consider potential 
therapeutic plans to start SGLT2i treatment to keep IAD-eGFR 
within 10%.

Limitations

This study had several limitations including the small sample 
size, a relatively short study period, a retrospective study de-
sign, and possible bias in patient selection at the single center. 
There is selection bias in this study because the proportion of 
patients with SGLT2i relative to all diabetic patients was ex-
tremely low. The present study was retrospectively designed, 
and the study protocol was not prospectively controlled. Thus, 
the evidence level of this study is not high. Further prospective, 
more detailed, larger, and longer studies focusing on patients 
with CKD stage 3b with a multicenter design are required to 
validate the effects of SGLT2i therapy on IAD-eGFR and renal 
function as shown herein. The detailed molecular mechanisms 
underlying the SGLT2i-induced improvements in renal func-
tion could not be determined in the present clinical study and 
should be investigated in future studies. Further prospective 
studies are needed to investigate the effect of the pretreatment 
intervention to salt intake on the occurrence of IAD-eGFR and 
further renal function.

Conclusions

SGLT2i treatment in T2DM patients with CKD stage 3b 
caused a significant decrease in eGFR in many patients during 
the early phase after the initiation of the treatment. Most of 
the IAD-eGFRs were transient and showed a tendency to re-
cover after 6 months, but in patients with a large IAD-eGFR (≥ 

10%), eGFR significantly decreased at 6 months after therapy, 
and a significant association with a highly estimated daily salt 
intake before SGLT2i treatment was observed. It is suggested 
that avoiding a large IAD-eGFR in the early phase of SGLT2i 
treatment may lead to successful renal protection that could 
maintain eGFR levels. This could lead to more effective reno-
protective therapy with SGLT2i in the future.
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