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Characteristics and Impact Factors of Renal Threshold for 
Glucose Excretion in Patients with Type 2 Diabetes Mellitus

Sodium glucose co-transporter 2 (SGLT-2) inhibitors are newly developed but promising 
medicine for type 2 diabetes. However, patients with a different renal threshold for 
glucose excretion (RTG) may have a different reaction to this medicine. Therefore, the 
objective of this study was to investigate the characteristics of RTG and its impact factors in 
patients with type 2 diabetes mellitus (T2DM). The clinical and laboratory data of 36 
healthy individuals and 168 in-hospital patients with T2DM were collected and analyzed, 
RTG was calculated using blood glucose (BG) measured by dynamic BG monitoring, urinary 
glucose excretion (UGE) and estimated glomerular filtration rate (eGFR). The characteristics 
of RTG were investigated. The risk factors for high RTG were analyzed using non-conditional 
logistic regression analysis. Our results found that RTG of the T2DM group was higher than 
that of the healthy individuals (P < 0.05); and 22.22% from the healthy individuals group 
but 58.33% from the T2DM group had high RTG. Age, duration of diabetes, body mass 
index (BMI), and homeostasis model assessment insulin resistance index (HOMA-IR) were 
independently associated with high RTG (P < 0.05). Further stratified analysis revealed that 
RTG in T2DM patients increased with age, duration of diabetes, and BMI. In conclusion, RTG 
is increased in patients with T2DM, especially in those with longer diabetic duration, higher 
BMI, and those who are older. Therefore, these patients may be more sensitive to SGLT-2 
inhibitors.
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INTRODUCTION

Kidneys play an important role in the regulation of blood glu-
cose (BG) homeostasis through gluconeogenesis, transporta-
tion and utilizing glucose from the circulation, reabsorbing glu-
cose from the glomerular filtrate and regulating hormones as-
sociated with glucose metabolism (1). The increase of glucose 
reabsorption in renal tubules is one of the most important patho-
physiological mechanisms of type 2 diabetes mellitus (T2DM) 
(2). Compared with healthy subjects, the renal threshold for 
glucose excretion (RTG) is increased compensatorily in patients 
with T2DM (3,4) through increased glucose reabsorption by up 
regulating sodium glucose co-transporter 2 (SGLT-2) expression, 
which will further aggravate hyperglycemia. SGLT-2 inhibitors 
reduce the plasma glucose levels by inhibiting the reabsorption 
of glucose in renal proximal tubules and increasing renal glu-
cose excretion, with several favorable features including weight 
loss and improvement of insulin resistance. However, not all 

patients can benefit from SGLT-2 inhibitors, therefore it is im-
portant to investigate the RTG characteristics of T2DM patients 
in order to find out the most suitable population of SGLT-2 in-
hibitors. In this study, we analyzed the characteristics of RTG in 
patients with T2DM as well as the risk factors for high RTG.

MATERIALS AND METHODS

Subjects 
This study enrolled 36 healthy volunteers and 168 patients with 
T2DM hospitalized in Tianjin Metabolic Disease Hospital affili-
ated to Tianjin Medical University from March 2011 to Novem-
ber 2015, including 104 males and 100 females. The mean age 
was 53.52 ± 12.81 years old and the average duration of diabe-
tes was 10.50 ± 7.87 years. The diagnosis of diabetes was in ac-
cordance with the World Health Organization (WHO) criteria 
in 1999. All patients received dynamic BG monitoring. Criteria 
for exclusion were: patients with inaccurate glucose values by 
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continuous dynamic blood glucose monitoring system (CGMS) 
(the inconsistent frequency between fingertip BG and CGMS 
glucose were more than 4 times per day, or the correlation co-
efficient between the corrected fingertip BG and CGMS glucose 
was lower than 0.79); patients who were using SGLT-2 inhibi-
tors; patients who were diagnosed with chronic kidney disease: 
1) Kidney damage for ≥ 3 months, as defined by structural or 
functional abnormalities (pathological abnormalities or abnor-
malities in the composition of the blood or urine, or abnormali-
ties in imaging tests) of the kidney, with or without decreased 
GFR; 2) GFR < 60 mL/min/1.73 m2 for 3 months, with or with-
out kidney damage (5), acute urinary tract infection, acute fe-
ver, diabetic ketosis, diabetic hyperosmolar hyperglycemic state, 
or other stress conditions and patients who recently underwent 
surgery, trauma or in pregnancy. This study was approved by 
the Ethics Committee of Tianjin Metabolic Disease Hospital af-
filiated to Tianjin Medical University, and all patients signed the 
informed consent.

Methods
Dynamic BG monitoring

All patients were equipped with a CGMS produced by the Amer-
ican Medtronic MiniMed Company (Northridge, CA, USA) in 
the stable phase after admission and were monitored for at least 
24 consecutive hours. The CGMS sensor was inserted into the 
abdominal subcutaneous tissue. The effective monitoring range 
was 39.6–399.6 mg/dL. Inductive probe was placed in the ab-
dominal subcutaneous tissue, which received 1 electrical signal 
every 10 seconds and computed the average value every 5 min-
utes and converted it into 1 BG; then 288 BG values were collect-
ed after 24 hours. During the monitoring, fingertip BG tested 
before breakfast, lunch, supper, and bedtime were input into 
the CGMS to calibrate the CGMS data. The data obtained by 
CGMS were recorded and analyzed off-line. The average BG 
during the 24-hour period of monitoring was calculated accord-
ing to the area under the BG curve (6). Meanwhile the 24-hour 
urine was collected and urine glucose was detected to calculate 
the average urinary glucose excretion (UGE) in 24 hours (7).

eGFR evaluating
Estimated glomerular filtration rates (eGFRs) was estimated us-
ing Modification of Diet in Renal Disease (MDRD) formula (8,9): 
 eGFR (MDRD) = 186 × (Scr/88.4)-1.154 × (age)-0.203 × (0.742 for 
female) × (eGFR was corrected by hemoglobin A1c [HbA1c])

RTG determining
RTG was calculated according to the following formula (10):

 RTG was defined as the glucose concentration below which 
minimal UGE occurs, and above which UGE rises in proportion 

to BG. In clinical trials, it is a new method to calculate RTG which 
has been developed and validated.

Diagnostic criteria for obesity
Obesity or overweight was diagnosed according to the Guide-
lines for Prevention and Control of Overweight and Obesity in 
Chinese Adults in 2004: 1) normal: 18.5 kg/m2 ≤ body mass in-
dex (BMI) < 24.0 kg/m2; 2) overweight: 24.0 kg/m2 ≤  BMI < 28.0 
kg/m2; and 3) obese: BMI ≥ 28.0 kg/m2.

Statistical analysis
Continuous variables available for RTG analysis included age, 
diabetes duration, mean BG, systolic blood pressure (BP), dia-
stolic BP, BMI, low-density lipoprotein-cholesterol (LDL-C), tri-
glycerides, HbA1c, homeostasis model assessment insulin re-
sistance index (HOMA-IR), and eGFR. Gender was defined as a 
categorical variable. Data were expressed as either mean ± stan-
dard deviation (SD) or median. Independent t-test was used to 
analyze the difference of normally distributed continuous pa-
rameters between 2 groups. One-way analysis of variance was 
used to analyze the differences among 3 groups. If differences 
were significant, the least significant difference (LSD)-t test was 
used for further comparison between 2 groups. Parameters that 
were not normally distributed were compared using Rank sum 
test. The χ2 test was used for the comparison of counting data.
 Non-conditional logistic regression model was used to evalu-
ate the risk factors of elevated RTG in patients with T2DM. Sta-
tistical analysis was performed using IBM SPSS Statistics 20.0 
software (SPSS Inc., Chicago, IL, USA). P values less than 0.05 
were considered as statistically significant.

Ethics statement
This study was approved by the Institutional Review Board of 
Tianjin Metabolic Diseases Hospital (IRB No. DXBYYhMEC2016-5). 
Informed consent was waived by the board due to the observa-
tional nature of the study.
 

RESULTS

Basic characteristics
A total of 204 subjects were included in the study. In healthy 
subjects, 11.11% had low RTG (< 160 mg/dL), 66.67% had nor-
mal RTG (160–180 mg/dL), and 22.22% had high RTG (> 180 mg/ 
dL). In T2DM patients, 41.67% had normal RTG (160–180 mg/
dL), whereas 58.33% patients had high RTG (> 180 mg/dL). Ba-
sic characteristics of the 2 groups were listed in Table 1. For T2DM 
patients with high RTG, 34.69% increased by 1%–10%, 18.37% 
increased by 11%–15% and 46.94% increased by more than 15%. 
According to the level of the RTG, T2DM patients were divided 
into 2 groups: normal RTG (160–180 mg/dL) group and high RTG 
(more than 180 mg/dL) group. Characteristics of the 2 groups 
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were presented in Table 2.
 Compared with normal RTG group, patients in high RTG group 
had a higher level of mean age (50.09 ± 12.42 vs. 56.83 ± 11.84 
years, P < 0.05), fasting BG (179.10 ± 10.80 vs. 220.50 ± 26.82 
mg/dL, P < 0.001) BMI (23.75 ± 2.90 vs. 26.52 ± 3.48 kg/m2, P <  
0.001), HbA1c (8.74% ± 1.36% vs. 9.77% ± 1.63%, P < 0.001), 
HOMA-IR (1.62 [1.00, 2.49] vs. 2.01 [2.00, 5.18], P < 0.001), and 
eGFR (106.00 ± 16.26 vs. 122.53 ± 24.67 mL/[min·1.73 m2], P <  
0.001). Moreover, patients in high RTG group had a longer dura-
tion of diabetes (6.64 ± 5.00 vs. 12.99 ± 8.27 years, P < 0.001) 
compared with patients in normal RTG group. There were no 
significant differences in sex, BP, triglyceride, and LDL-C be-
tween the 2 groups (P > 0.05) (Table 2).

Risk factors of high RTG

We used a single factor logistic regression model adjusted for 
sex, age, duration of diabetes, BP, BMI, and the usage of angio-
tensin-converting-enzyme inhibitor (ACEI) or angiotensin re-
ceptor blocker (ARB) to investigate the predictive factors of high 
RTG which were shown in Table 3. With the increase of age, du-
ration of diabetes, BMI, LDL-C or HOMA-IR, the risk of high RTG 
increased (odds ratio [OR] = 1.08 for age 95% confidence inter-
val [CI] 1.01–1.15, P < 0.05; OR = 1.15 for diabetes duration, 95% 
CI 1.03–1.29, P < 0.05; OR = 1.39 for BMI, 95% CI 1.06–1.81, P <  
0.05; OR = 2.73 for LDL-C, 95% CI 1.25–5.93, P < 0.05; OR = 1.54 
for HOMA-IR, 95% CI 1.13–2.09, P < 0.01).
 Multivariate logistic regression analysis showed that age, du-
ration of diabetes, BMI, HOMA-IR were independently associ-
ated with high RTG (OR = 1.075 for age, 95% CI 1.012–1.143, P <  
0.05; OR = 1.176 for duration of diabetes, 95% CI 1.074–1.289, 
P < 0.01; OR = 1.287 for BMI, 95% CI 1.021–1.623, P < 0.05; OR =  
1.519 for HOMA-IR, 95% CI 1.113–2.074, P < 0.01) (Table 4).

RTG in patients with T2DM stratified by age, duration, BMI, 
and HOMA-IR
T2DM patients were stratified into sub-groups according to age 
(≤ 45, 46–59, ≥ 60 years), diabetic duration (≤ 5, 6–9, ≥ 10 years), 

Table 3. Risk factors for high RTG

Variable
Crude Adjusted ∆

OR (95% CI) P value OR (95% CI) P value

Sex 1.02 (0.55–1.88) 0.958 0.21 (0.03–1.61) 0.132
Age, yr 1.05 (1.02–1.08) 0.002 1.08 (1.01–1.15) 0.021
Diabetes duration, yr 1.15 (1.08–1.22) < 0.001 1.15 (1.03–1.29) 0.016
Systolic BP, mmHg 1.01 (0.99–1.03) 0.246 0.99 (0.96–1.03) 0.716
Diastolic BP, mmHg 0.86 (0.68–1.09) 0.215 0.80 (0.58–1.12) 0.201
BMI, kg/m2 1.37 (1.18–1.60) < 0.001 1.39 (1.06–1.81) 0.016
LDL-C, mmol/L 1.31 (0.84–2.05) 0.240 2.73 (1.25–5.93) 0.012
Triglycerides, mmol/L 1.00 (0.97–1.03) 0.953 0.99 (0.95–1.03) 0.691
HbA1c, % 1.60 (1.26–2.03) < 0.001 1.42 (0.97–2.06) 0.072
HOMA-IR 1.60 (1.26–2.02) < 0.001 1.54 (1.13–2.09) 0.006

RTG = renal threshold for glucose excretion, OR = odds ratio, CI = confidence inter-
val, ∆ = adjusted for other variables, BP = blood pressure, BMI = body mass index, 
LDL-C = low-density lipoprotein-cholesterol, HbA1c = glycosylated hemoglobin A1c, 
HOMA-IR = homeostasis model assessment of insulin resistance.

Table 4. Independent risk factors for high RTG

Variable OR (adjusted ∆) 95% CI P value

Age, yr 1.075 1.012–1.143 0.020
Diabetes duration, yr 1.176 1.074–1.289 0.001
BMI, kg/m2 1.287 1.021–1.623 0.033
HOMA-IR 1.519 1.113–2.074 0.008
HbA1c, % 1.304 0.913–1.861 0.144
LDL-C, mmol/L 1.817 0.843–4.165 0.123

RTG = renal threshold for glucose excretion, OR = odds ratio, CI = confidence inter-
val, ∆ = adjusted for other variables, BMI = body mass index, HOMA-IR = homeosta-
sis model assessment of insulin resistance, HbA1c = glycosylated hemoglobin A1c, 
LDL-C = low-density lipoprotein-cholesterol.

Table 1. Baseline characteristics of healthy group and T2DM group (x±s)

Characteristics
Healthy group 

(n = 36)
T2DM group 

(n = 168)
P value

Male/female 20/16 84/84 0.545
Age, yr 53.39 ± 7.12 53.55 ± 13.75 0.921
Mean BG, mg/dL 173.70 ± 29.34 203.22 ± 29.70 0.008
Systolic BP, mmHg 130.10 ± 22.67 132.06 ± 21.42 0.655
Diastolic BP, mmHg 80.00 ± 12.58 81.45 ± 13.86 0.629
BMI, kg/m2 24.86 ± 1.16 25.34 ± 3.51 0.456
LDL-C, mmol/L 2.93 ± 0.54 3.05 ± 0.70 0.383
Triglycerides, mmol/L 1.41 ± 0.50 1.57 ± 0.93 0.147
HbA1c, % 5.88 ± 0.67 9.31 ± 1.87 < 0.001
eGFR, mL/(min·1.73 m2) 97.99 ± 15.39 115.61 ± 22.68 < 0.001
RTG, mg/dL 170.92 ± 24.56 194.38 ± 20.82 0.003

Data are expressed as mean ± SD. 
T2DM = type 2 diabetes mellitus, BG = blood glucose, BP = blood pressure, BMI =  
body mass index, LDL-C = low-density lipoprotein-cholesterol, HbA1c = glycosylated 
hemoglobin A1c, eGFR = estimated glomerular filtration rate corrected by hemoglo-
bin A1c, RTG = renal threshold for glucose excretion, SD = standard deviation.

Table 2. Baseline characteristics of normal RTG group and high RTG group of T2DM 
patients (x±s)

Characteristics
Normal RTG group 

(n = 70)
High RTG group 

(n = 98)
P value

Male/female 34/36 50/48 0.958
Age, yr 50.09 ± 12.42 56.83 ± 11.84 0.001
Diabetes duration, yr 6.64 ± 5.00 12.99 ± 8.27 < 0.001
Mean BG, mg/dL 179.10 ± 10.80 220.50 ± 26.82 < 0.001
Systolic BP, mmHg 129.44 ± 17.55 133.83 ± 23.61 0.247
Diastolic BP, mmHg 81.54 ± 16.07 81.39 ± 12.14 0.953
BMI, kg/m2 23.75 ± 2.90 26.52 ± 3.48 < 0.001
LDL-C, mmol/L 2.97 ± 0.71 3.10 ± 0.70 0.241
Triglycerides, mmol/L 1.53 ± 0.76 1.60 ± 1.13 0.682
HbA1c, % 8.74 ± 1.36 9.77 ± 1.63 < 0.001
HOMA-IR, M (P25, P75) 1.62 (1.00, 2.49) 2.01 (2.00, 5.18) < 0.001
eGFR, mL/(min·1.73 m2) 106.00 ± 16.26 122.53 ± 24.67 < 0.001

Data are expressed as mean ± SD or medians (range). 
RTG = renal threshold for glucose excretion, T2DM = type 2 diabetes mellitus, BG =  
blood glucose, BP = blood pressure, BMI = body mass index, LDL-C = low-density 
lipoprotein-cholesterol, HbA1c = glycosylated hemoglobin A1c, HOMA-IR = homeosta-
sis model assessment of insulin resistance, eGFR = estimated glomerular filtration 
rate corrected by hemoglobin A1c, SD = standard deviation.
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Table 5. Risk factors of the RTG after stratified by age, diabetes duration, BMI, HOMA-IR

Variable
Crude Adjusted ∆

OR (95% CI) P value OR (95% CI) P value

Age, yr ≤ 45 Ref - Ref -
46–59 1.70 (0.72–4.05) 0.228 1.43 (0.36–5.69) 0.611
≥ 60 3.24 (1.22–8.57) 0.018 5.89 (1.07–32.32) 0.041
Trend test χ2 χ2 = 5.96 0.015 - -

Diabetes duration, yr ≤ 5 Ref - Ref -
6–9 1.90 (0.81–4.49) 0.143 2.19 (0.58–8.34) 0.251
≥ 10 6.00 (2.61–13.82) < 0.001 6.35 (1.89–21.35) 0.003
Trend test χ2 χ2 = 19.20 < 0.001 - -

BMI, kg/m2 18.5–23.9 Ref - Ref -
24.0–27.9 2.38 (1.096–5.18) 0.028 2.99 (1.01–8.89) 0.049
≥ 28.0 14.63 (2.99–71.58) 0.001 8.71 (1.39–54.54) 0.021
Trend test χ2 χ2 = 14.84 < 0.001 - -

HOMA-IR ≤ 1 Ref - Ref -
1.1–2.9 6.30 (1.98–20.03) 0.002 1.28 (0.29–5.66) 0.746
≥ 3 14.25 (4.03–50.39) < 0.001 6.31 (1.28–31.05) 0.024
Trend test χ2 χ2 = 18.96 < 0.001 - -

RTG = renal threshold for glucose excretion, OR = odds ratio, CI = confidence interval, ∆ = adjusted for sex, age, diabetes duration, BMI, HbA1c, BP, LDL-C, and Triglycerides, 
BMI = body mass index, HOMA-IR = homeostasis model assessment of insulin resistance, HbA1c = glycosylated hemoglobin A1c, BP = blood pressure, LDL-C = low-density 
lipoprotein-cholesterol.

Fig. 1. Comparison of RTG in T2DM patients with different age, BMI, diabetic duration, HOMA-IR or LDL-C. (A) Comparison of RTG among T2DM patients with different age (≤ 45, 
46–59, ≥ 60 years). RTG was 178.89±15.83, 190.34±23.19, or 201.27±27.78 mg/dL, respectively. (B) Comparison of RTG among T2DM patients with different diabetic 
duration (≤ 5, 6–9, ≥ 10 years). RTG was 182.61±19.58, 189.62±23.25, or 199.51±23.51 mg/dL, respectively. (C) Comparison of RTG among T2DM patients with differ-
ent BMI. RTG was 180.65±18.97, 190.26±24.97, or 208.75±20.62 mg/dL, respectively. (D) Comparison of RTG among T2DM patients with different HOMA-IR. RTG was 
184.39±15.53, 195.64±23.17, or 200.42±24.94 mg/dL, respectively. (E) Comparison of RTG among T2DM patients with different LDL-C level RTG was 188.47±20.51, 
189.92±23.20, or 190.58±18.98 mg/dL, respectively. There was no statistical difference among the 3 groups (P > 0.05).
RTG = renal threshold for glucose excretion, T2DM = type 2 diabetes mellitus, HOMA-IR = homeostasis model assessment insulin resistance index, LDL-C = low-density lipo-
protein-cholesterol.
*Significant difference (P < 0.05) was found in patients ≥ 60 years compared to the other groups; Trend test χ2 in Table 4 demonstrated that the RTG increased with age. †Sig-
nificant difference (P < 0.05) was found between patient with diabetes duration ≥ 10 years and those with shorter duration; Trend test χ2 in Table 4 also demonstrated that the 
RTG increased with diabetes duration. ‡Significant difference (P < 0.05) was found between obese group and the other 2 groups; Trend test χ2 in Table 4 also showed that the 
RTG increased with BMI. §Significant difference (P < 0.05) was found between group with HOMA-IR ≥ 3 and the other groups; Trend test χ2 in Table 4 also showed that the RTG 
increased with HOMA-IR.
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ing to the tertiles). Logistic regression analysis was conducted 
to determine whether age, diabetes duration, BMI, or HOMA-

IR was the risk factors of high RTG. The ORs were calculated with 
reference to the lowest tertiles of each variable.
 As were shown in Table 5 and Fig. 1, along with the increase 
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of age, diabetes duration, BMI or HOMA-IR, the risk of high RTG 
increased. Age ≥ 60 years, BMI ≥ 28.0 kg/m2 diabetes duration 
≥ 10 years, and HOMA-IR 1.1–2.9 were the risk factors of high 
RTG (OR = 3.24 for age, 95% CI 1.22–8.57, P < 0.05; OR = 6.00 for 
diabetes duration, 95% CI 2.61–13.82, P < 0.001; OR = 14.63 for 
BMI, 95% CI 2.99–71.58, P < 0.01; OR = 6.30 for HOMI-IR, 95% 
CI 1.98–20.03, P < 0.01). After adjusting for sex, BP, LDL-C, tri-
glycerides and HbA1c, the risk factors of high RTG (age, diabetes 
duration, BMI, and HOMA-IR) did not change.

DISCUSSION

Kidneys play an important role in regulating glucose homeo-
stasis through glucose filtration in the glumeruli and reabsorp-
tion in the proximal renal tubule (11,12). Normally, approximate-
ly 180 g glucose is filtered through the kidney per day; as much 
as 90% of filtered glucose is reabsorbed by the S1/S2 segment in 
the proximal renal tubule, and the remaining 10% is reabsorbed 
by the S3 segment. The expression of SGLT-2 in S1/S2 segment 
of the proximal renal tubule plays a major role in glucose reab-
sorption (13,14). Glucose reabsorption in the proximal renal tu-
bule increases with the rising of plasma glucose levels until it 
reaches the maximum transportation of glucose (Tmax). RTG is 
the plasma glucose concentration above which the SGLT ca-
pacity is saturated and UGE occurs. The RTG is significantly in-
creased in patients with T2DM, and the resulted increase of 
glucose reabsorption is thought to aggravate hyperglycemia. 
The up-regulation of SGLT-2 may be one of the key reasons of 
high RTG in renal tubules (2,15). SGLT-2 inhibitors lower the 
plasma glucose concentrations by reducing the reabsorption of 
filtered glucose and have been proved efficient and safe in pa-
tients with T2DM. But the risk factors of high RTG are still not 
clear. Therefore, we analyzed the characteristics and risk factors 
of RTG in T2DM patients, which may be helpful in identifying 
the population who had good reaction to SGLT-2 inhibitors.
 The stepwise hyperglycemic clamp procedure (SHCP) is the 
gold standard for RTG measurement, but it cannot be widely 
used in the clinical setting because of the complicated proce-
dure. In past studies, RTG was defined as the BG level above which 
the urine glucose becomes positive, which is obviously not ac-
curate for RTG estimation. Although some studies had already 
investigated the RTG level in type 2 diabetic patients, the infor-
mation is limited because of the small sample size. In this study, 
we studied the characteristics and the impact factors of RTG in a 
relatively large population using the formula of RTG (10) which 
is widely accepted. In this study, we combined the formula of 
RTG with CGMS to calculate the RTG which is more accurate. 
We found that both the mean level of RTG and the proportion of 
subjects with high RTG in T2DM group were significantly higher 
than those in the healthy group. In patients with T2DM, 58.33% 
had high RTG (higher than 180 mg/dL). Among those with high 

RTG, 34.69% increased by 1%–10%, 18.37% increased by 11%–
15% and 46.94% increased by more than 15%. High RTG will pro-
mote the glucose reabsorption in the kidney, which will further 
aggravate hyperglycemia in T2DM. Therefore, it is particularly 
important to find out the risk factors leading to high RTG.
 We found that with the increase of age, duration of diabetes, 
BMI, LDL-C, and HOMA-IR, the risk of high RTG increased. Fur-
ther multivariate logistic regression analysis showed that age, 
duration of diabetes, BMI, and HOMA-IR were independently 
associated with the RTG.
 BG is closely related to RTG. In T2DM patients, the SGLT-2 
expression in renal tubular epithelial cells increases with the 
increase of glomerular glucose filtration (12), which leads to the 
elevation of glucose reabsorption in the renal tubules and high 
RTG; Therefore, a vicious circle is formed since the elevated glu-
cose reabsorption will further aggravate hyperglycemia in pa-
tients with T2DM (13,16). Hyperfiltration is an independent 
risk factor for the initiation and progression of nephropathy in 
type 1 and type 2 diabetes (17,18). Researchers proved that pa-
tients with HbA1c ≥ 10.5% had significantly higher glomerular 
glucose filtration rate compared to those with HbA1c < 7.2% 
(19). SGLT-2 inhibition may represent a novel and safe therapy 
which simultaneously improves hyperglycemia and hyperfil-
tration. SGLT-2 inhibition is also proved to have potential renal 
protective effects in diabetes, which may be explained by its mod-
ulation of tubuloglomerular feedback, thereby causing afferent 
vasoconstriction and reduced hyperfiltration (20,21). SGLT-2 
inhibition can increase distal tubular Na+ delivery leading to the 
increase in intracellular Na+ transport into macula densa cells 
across sodium-potassium-2-chloride channels which requires 
the membrane depolarization of macula densa cell (22). In T2DM, 
the SGLT-2 expression and glucose uptake in renal tubular cells 
are increased, therefore the RTG is elevated (2,15). Results of 
eGFR estimated by MDRD formula were corrected by HbA1c as 
the results were usually overestimated in diabetic patients be-
cause of their lower serum creatinine levels. We also found that 
the glomerular filtration rate increased significantly in patients 
with elevated RTG. Therefore, we speculated that the hyperfil-
tration, which is related to hyperglycemia, SGLT-2 expression 
and RTG, can directly lead to the increase of RTG.
 Our study found that RTG increased with the increase of dia-
betes duration, especially in patients with diabetes duration ≥ 10 
years. Moreover, RTG increased with age. RTG in aged patients 
(≥ 60 years of age) was significantly higher than that in younger 
patients ( ≤ 45 years). Continuous hyperglycemia in patients 
with long diabetic duration or aged patients may increase the 
glomerular filtration. Therefore, we should pay more attention 
to the increase of RTG in aged patients or in patients with dia-
betic duration longer than 10 years.
 Increased BMI constitutes a risk factor attributable to the clus-
tering of factors such as hypertension, dyslipidemia, insulin re-
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sistance, and other pathophysiological changes. In both diabet-
ic and hypertensive patients, an elevated BMI has shown to be 
one of the major determinants of glomerular hyperfiltration 
(23,24). Our study found that obesity was a risk factor of high 
RTG (OR = 1.287, P < 0.05), and the RTG level in obese patients 
was significantly higher than that in normal or overweight pa-
tients. It is proved that obesity increases the glomerular filtra-
tion rate, whereas weight loss leads to the attenuation of hyper-
filtration in obese patients (25). In addition, obesity can directly 
increase renal tubular reabsorption (26). All of these may result 
in the increase of RTG. It is worth to know that ACEI, ARB, or di-
uretics may reduce the intraglomerular pressure and therefore 
affect RTG. However, in our group, no significant differences were 
found in the use of ACEI or ARB treatment between normal RTG 
group and high RTG group (P = 0.611). Therefore, high RTG in 
our group cannot be explained by the use of ACEI or ARB.
 LDL-C is also a risk factor of diabetic nephropathy. Hypergly-
cemia accelerates lipid deposition in glomeruli, promotes me-
sangial cells and extracellular matrix hyperplasia, alters glomer-
ular capillary tension and renal hemodynamics, and finally leads 
to glomerular hyperfiltration. Lowering LDL-C stabilizes eGFR 
(27). In our study, we did not find statistical difference in RTG 
between patients with different LDL-C level. Further studies are 
needed to assess the association between RTG and LDL-C.
 In conclusion, the RTG in patients with T2DM is increased, 
especially in the elderly, patients with longer duration of diabe-
tes and higher BMI. Based on these results we hypothesize that 
these people may be more likely to benefit from SGLT-2 inhibi-
tors. Consistent with our results, a study (28) showed that SGLT-
2 inhibitors decreased HbA1c greater in patients with a higher 
baseline BMI. However, a study (29) from Japan showed that 
dapagliflozin was more effective in young patients (< 40 years) 
and a meta-analysis (28) also found that HbA1c decreased great-
er in patients with a lower age and shorter duration of diabetes. 
We suppose that although older patients and patients with lon-
ger diabetes duration possess a higher RTG, they cannot obtain 
a better effect as their renal structure and function have already 
changed; besides, for those with long diabetes duration and old-
er age, the failure of β cell function as well as other defects may 
further impair the therapeutic effect of SGLT-2 inhibitors. There-
fore, more studies are needed to uncover the underlying mech-
anism of this discrepancy.

DISCLOSURE

The authors have no potential conflicts of interest to disclose.

AUTHOR CONTRIBUTION

Conceptualization: Zhang XR, Zhang Y. Data curation: Yang 
SH, Guo ZH. Investigation: Yue XD, Wang JY, Zheng MY, Ren 

HZ. Project administration: Yue XD, Wang JY. Resources: Chang 
B. Writing - original draft: Yang JH, Shan CY. Writing - review & 
editing: Chang BC.

ORCID

Xiao-Dan Yue http://orcid.org/0000-0001-7624-1204
Jing-Yu Wang http://orcid.org/0000-0002-8860-5623
Xin-Rong Zhang http://orcid.org/0000-0001-5449-637X
Ju-Hong Yang http://orcid.org/0000-0003-3549-5392
Chun-Yan Shan http://orcid.org/0000-0002-0442-1983
Miao-Yan Zheng http://orcid.org/0000-0002-0775-0352
Hui-Zhu Ren http://orcid.org/0000-0002-2382-4331
Yi Zhang http://orcid.org/0000-0002-5375-360X
Shao-Hua Yang http://orcid.org/0000-0003-4456-4388
Zhen-Hong Guo http://orcid.org/0000-0002-9007-7495
Bai Chang http://orcid.org/0000-0002-6808-1375
Bao-Cheng Chang http://orcid.org/0000-0002-6674-6644
 

REFERENCES

1. Mather A, Pollock C. Glucose handling by the kidney. Kidney Int Suppl 

2011: S1-6.

2. DeFronzo RA, Hompesch M, Kasichayanula S, Liu X, Hong Y, Pfister M, 

Morrow LA, Leslie BR, Boulton DW, Ching A, et al. Characterization of 

renal glucose reabsorption in response to dapagliflozin in healthy sub-

jects and subjects with type 2 diabetes. Diabetes Care 2013; 36: 3169-76.

3. Rave K, Nosek L, Posner J, Heise T, Roggen K, van Hoogdalem EJ. Renal 

glucose excretion as a function of blood glucose concentration in subjects 

with type 2 diabetes--results of a hyperglycaemic glucose clamp study. 

Nephrol Dial Transplant 2006; 21: 2166-71.

4. Ruhnau B, Faber OK, Borch-Johnsen K, Thorsteinsson B. Renal threshold 

for glucose in non-insulin-dependent diabetic patients. Diabetes Res Clin 

Pract 1997; 36: 27-33.

5. National Kidney Foundation. K/DOQI clinical practice guidelines for chron-

ic kidney disease: evaluation, classification, and stratification. Am J Kid-

ney Dis 2002; 39: S1-266.

6. Devineni D, Morrow L, Hompesch M, Skee D, Vandebosch A, Murphy J, 

Ways K, Schwartz S. Canagliflozin improves glycaemic control over 28 

days in subjects with type 2 diabetes not optimally controlled on insulin. 

Diabetes Obes Metab 2012; 14: 539-45.

7. Devineni D, Curtin CR, Polidori D, Gutierrez MJ, Murphy J, Rusch S, Rothen-

berg PL. Pharmacokinetics and pharmacodynamics of canagliflozin, a 

sodium glucose co-transporter 2 inhibitor, in subjects with type 2 diabe-

tes mellitus. J Clin Pharmacol 2013; 53: 601-10.

8. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A more accu-

rate method to estimate glomerular filtration rate from serum creatinine: 

a new prediction equation. Modification of Diet in Renal Disease Study 

Group. Ann Intern Med 1999; 130: 461-70.

9. Tsuda A, Ishimura E, Ohno Y, Ichii M, Nakatani S, Machida Y, Mori K, Uchi-

da J, Fukumoto S, Emoto M, et al. Poor glycemic control is a major factor 

in the overestimation of glomerular filtration rate in diabetic patients. Di-

abetes Care 2014; 37: 596-603.



Yue X-D, et al. • Renal Threshold for Glucose Excretion

http://jkms.org  627https://doi.org/10.3346/jkms.2017.32.4.621

10. Polidori D, Sha S, Ghosh A, Plum-Mörschel L, Heise T, Rothenberg P. Vali-

dation of a novel method for determining the renal threshold for glucose 

excretion in untreated and canagliflozin-treated subjects with type 2 dia-

betes mellitus. J Clin Endocrinol Metab 2013; 98: E867-71.

11. Wright EM. Renal Na(+)-glucose cotransporters. Am J Physiol Renal Physi-

ol 2001; 280: F10-8.

12. Bays H. From victim to ally: the kidney as an emerging target for the treat-

ment of diabetes mellitus. Curr Med Res Opin 2009; 25: 671-81.

13. Marsenic O. Glucose control by the kidney: an emerging target in diabe-

tes. Am J Kidney Dis 2009; 53: 875-83.

14. Wilding JP. The role of the kidneys in glucose homeostasis in type 2 dia-

betes: clinical implications and therapeutic significance through sodium 

glucose co-transporter 2 inhibitors. Metabolism 2014; 63: 1228-37.

15. Rahmoune H, Thompson PW, Ward JM, Smith CD, Hong G, Brown J. Glu-

cose transporters in human renal proximal tubular cells isolated from the 

urine of patients with non-insulin-dependent diabetes. Diabetes 2005; 

54: 3427-34.

16. Chao EC, Henry RR. SGLT2 inhibition--a novel strategy for diabetes treat-

ment. Nat Rev Drug Discov 2010; 9: 551-9.

17. Ruggenenti P, Porrini EL, Gaspari F, Motterlini N, Cannata A, Carrara F, 

Cella C, Ferrari S, Stucchi N, Parvanova A, et al. Glomerular hyperfiltra-

tion and renal disease progression in type 2 diabetes. Diabetes Care 2012; 

35: 2061-8.

18. Magee GM, Bilous RW, Cardwell CR, Hunter SJ, Kee F, Fogarty DG. Is hy-

perfiltration associated with the future risk of developing diabetic nephro-

pathy? A meta-analysis. Diabetologia 2009; 52: 691-7.

19. Zhao F, Zhang L, Lu J, Guo K, Wu M, Yu H, Zhang M, Bao Y, Chen H, Jia W. 

The Chronic Kidney Disease Epidemiology Collaboration equation im-

proves the detection of hyperfiltration in Chinese diabetic patients. Int J 

Clin Exp Med 2015; 8: 22084-97.

20. Cherney DZ, Perkins BA, Soleymanlou N, Maione M, Lai V, Lee A, Fagan 

NM, Woerle HJ, Johansen OE, Broedl UC, et al. Renal hemodynamic ef-

fect of sodium-glucose cotransporter 2 inhibition in patients with type 1 

diabetes mellitus. Circulation 2014; 129: 587-97.

21. Kim Y, Babu AR. Clinical potential of sodium-glucose cotransporter 2 in-

hibitors in the management of type 2 diabetes. Diabetes Metab Syndr Obes 

2012; 5: 313-27.

22. Persson P, Hansell P, Palm F. Tubular reabsorption and diabetes-induced 

glomerular hyperfiltration. Acta Physiol (Oxf) 2010; 200: 3-10.

23. Palatini P. Glomerular hyperfiltration: a marker of early renal damage in 

pre-diabetes and pre-hypertension. Nephrol Dial Transplant 2012; 27: 

1708-14.

24. Wuerzner G, Pruijm M, Maillard M, Bovet P, Renaud C, Burnier M, Bochud 

M. Marked association between obesity and glomerular hyperfiltration: a 

cross-sectional study in an African population. Am J Kidney Dis 2010; 56: 

303-12.

25. Chandra A, Biersmith M, Tolouian R. Obesity and kidney protection. J 

Nephropathol 2014; 3: 91-7.

26. Hall JE, Crook ED, Jones DW, Wofford MR, Dubbert PM. Mechanisms of 

obesity-associated cardiovascular and renal disease. Am J Med Sci 2002; 

324: 127-37.

27. Hirai K, Ookawara S, Miyazawa H, Ito K, Ueda Y, Kaku Y, Hoshino T, Yo-

shida I, Tabei K. Low-density lipoprotein apheresis ameliorates monthly 

estimated glomerular filtration rate declines in patients with renal cho-

lesterol crystal embolism. J Artif Organs 2015; 18: 72-8.

28. Monami M, Nardini C, Mannucci E. Efficacy and safety of sodium glucose 

co-transport-2 inhibitors in type 2 diabetes: a meta-analysis of random-

ized clinical trials. Diabetes Obes Metab 2014; 16: 457-66.

29. Nakamura Y, Nagai Y, Terashima Y, Nishine A, Ishii S, Kato H, Ohta A, Tana-

ka Y. Better response to the SGLT2 inhibitor dapagliflozin in young adults 

with type 2 diabetes. Expert Opin Pharmacother 2015; 16: 2553-9.


