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Abstract
Aims/Introduction  The relationship between urinary excretion rate of glucose (UEGL) and uric acid (UA) metabolism in 
adults with type 2 diabetes (T2D) remains unclear to date. This study aimed to investigate the relationships of UEGL with 
serum UA (SUA), urinary excretion rate of uric acid (UEUA), and renal clearance of uric acid (CLUA) in adults with T2D. 
We hypothesised that high UEGL increases UA excretion, which in turn leads to lower SUA.
Materials and methods  This was a cross-sectional study of 635 inpatients with T2D recruited between 2018 and 2019. The 
relationships of UEGL with UEUA, CLUA, and hyperuricaemia were assessed using analysis of covariance and multivari-
ate regression analysis.
Results  Patients in the higher quartile of UEGL tended to have lower SUA levels than those in the lower quartile. In contrast, 
patients in the higher quartile of UEGL tended to have higher CLUA (p for trend < 0.0001), and a similar trend was observed 
for UEUA. In adjusted multivariable linear regression model, UEGL was negatively correlated with SUA (β = − 0.023, 95% 
CI − 0.034 to − 0.013, p < 0.0001). However, positive correlations of UEGL with UEUA (β = 0.046, 95% CI 0.018–0.074, 
p = 0.001) and CLUA (β = 0.063, 95% CI 0.042–0.085, p < 0.0001) were found. Furthermore, consistent significant inverse 
associations were observed between quartiles of UEGL and hyperuricaemia in the adjusted multivariate logistic regression 
model.
Conclusions  A high UEGL level was positively correlated with UEUA and CLUA. Moreover, it was inversely associated 
with SUA level, and a consistently increased UEGL level reduced the risk of hyperuricaemia in patients with T2D.
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Introduction

Elevated serum uric acid (SUA) is associated with a higher 
risk of hypertension, cardiovascular disease, and diabetic 
kidney disease in patients with type 2 diabetes (T2D) [1–3]. 
In this context, lowering uric acid (UA) levels could prevent 
the progression of complications in patients with chronic 
diseases. Several studies have shown that lower SUA is 
associated with poor glycaemic control [4–6]. Furthermore, 
hyperglycaemia and glucosuria due to worsening glycaemic 
control was found to be correlated with a decrease in SUA 
[4, 7]. These suggest that diabetes may affect UA metabo-
lism. Moreover, hyperuricosuria and hypouricaemia were 
found in familial renal glucosuria (i.e., mutation in the gene 
encoding the sodium-glucose co-transporter 2 (SGLT2) 
protein) [8]. Increasing evidence has also shown that SUA 
levels are decreased in individuals with T2D following 
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treatment with SGLT2 inhibitors, an approved oral hypo-
glycaemic drug [9]. The SGLT2 inhibitor-induced SUA 
reduction may be attributed to the increased glucosuria that 
boosts UA excretion in urine through alteration of UA trans-
port activity [10]. However, the association between UA 
metabolism and urinary excretion rate of glucose (UEGL) 
in diabetes patients treated with hypoglycaemic regimens 
remains unclear to date. Thus, we aimed to clarify the rela-
tionships of UEGL with SUA, urinary excretion rate of uric 
acid (UEUA), and renal clearance of uric acid (CLUA) in 
adults with T2D. We hypothesised that high UEGL increases 
UA excretion, which in turn leads to lower SUA.

Materials and methods

Study design and participants

This single-centre cross-sectional study was reviewed and 
approved by the Medical Ethics Committee of Tianjin 
Medical University Chu Hsien-I Memorial Hospital (Ethics 
Approval Number: DXBYYhMEC2018-17) and was con-
ducted in accordance with the tenets of the Declaration of 
Helsinki. All patients provided written informed consent.

We evaluated 635 patients with T2D who were admitted 
to Tianjin Medical University Chu Hsien-I Memorial Hos-
pital between 2018 and 2019. T2D was diagnosed according 
to the World Health Organization 2009 criteria. To rule out 
the effects of renal insufficiency on uric acid excretion, we 
included the participants with estimated glomerular filtra-
tion rate (eGFR) > 90 ml/min/1.73 m2 in accordance with 
the Kidney Disease: Improving Global Outcomes guideline 
in 2012 [11]. Patients with a previous history of gout, alco-
hol abuse, anaemia, neoplasm, chronic glomerulonephritis, 
abnormal liver function, bibulosity, acute complications of 
diabetes, severe cardiovascular, and cerebrovascular diseases 
were excluded. Patients taking medications for lowering 
or affecting UA levels in the last month (e.g., allopurinol, 
benzbromarone, aspirin, diuretics, losartan, pyrazinamide, 
cyclosporine, and azathioprine) and those taking SGLT2 
inhibitors were also excluded.

Measurements

General information, including sex, age, body weight, height, 
diabetic duration, medication history, and history of previ-
ous diseases, was recorded. Body mass index was calculated 
as body weight divided by height squared, and body surface 
area (BSA) was calculated using the Stevenson formula 
(BSA = 0.0061 × height + 0.0128 × weight – 0.1529)[12]. 
Current smoking was defined as continuous smoking ≥ 1 
cigarette per day for more than 6 months. Hypertension 
was defined as systolic blood pressure ≥ 140 mmHg and/or 

diastolic blood pressure ≥ 90 mmHg, having hypertension 
in the past, or currently using antihypertension medications. 
For biochemical data, all blood samples were drawn from 
the participants after at least a 12-h fast. The haemoglobin 
A1c (HbA1c) level was measured using the Tosoh HLC-
723G8 HbA1c analyser. Routine blood tests included total 
cholesterol (TC), triglyceride, high-density lipoprotein cho-
lesterol, low-density lipoprotein cholesterol (LDL-C), SUA, 
alanine aminotransferase, aspartate transaminase, and serum 
creatinine (data not shown) and were performed using the 
Beckman AU5800 automatic biochemical analyser. We col-
lected 24-h urine specimens for 2 consecutive days after 
stable glycaemic control was achieved, and the mean values 
were adopted. The 24-h UEUA and 24-h UEGL were meas-
ured using the Roche Cobas8000/c701 biochemical analyser.

Hyperuricaemia was defined as SUA levels > 416 μmol/L 
(1 mg/dl = 59.5 μmol/L) in men and 357 μmol/L in women 
[2, 13]. UEUA and CLUA were corrected by BSA. UEUA 
was calculated as the 24-h urinary uric acid (24-h UUA) 
divided by BSA. Meanwhile, CLUA was calculated using 
the Eq. (24-h UUA) × (urine volume per minute)/SUA/BSA. 
eGFR was estimated according to the equation developed 
by the Chronic Kidney Disease Epidemiology Collabora-
tion [14].

Statistical analysis

Given that all the continuous variables were skewed, data 
analysis were conducted after natural logarithmic transfor-
mation. Descriptive data were presented as geometric means 
(95% confidence intervals) for continuous variables or as 
percentages (%) for categorical variables. For the analysis 
of participant characteristics, the differences between sexes 
were tested using analysis of covariance for continuous vari-
ables and chi-square test for categorical variables.

Analysis of covariance was applied to compare the indi-
cators of UA metabolism (including SUA, UEUA, and 
CLUA) across the UEGL quartile groups, with adjustment 
for age, sex, body mass index, diabetes mellitus duration, 
smoking, hypertension, HbA1c, TC, triglyceride, high-
density lipoprotein cholesterol, and eGFR. Furthermore, 
multivariable linear regression models with UEGL as the 
independent variable and SUA, UEUA, and CLUA as the 
dependent variables were used to assess their relationships, 
with adjustment for the above covariates. β coefficients and 
95% confidence intervals were reported. Finally, multivariate 
logistic regression was performed to evaluate the associa-
tion between hyperuricaemia and quartiles of UEGL with 
adjustment for covariates as described previously. Multiple 
comparisons across different groups were corrected using 
the Bonferroni method.

We tested for multicollinearity using the variance infla-
tion factors before performing multivariate analysis. Because 
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the covariates of TC and LDL-C were colinear (variance 
inflation factor for LDL-C > 10) in the present study, LDL-C 
was excluded in the multivariate models. All the variance 
inflation factors of the covariates included in the final mul-
tivariate models were < 2.93, indicating that no collinearity 
was acceptable. Moreover, we tested the interaction of sex 
with UEGL by including the interaction terms in the final 
linear regression and logistic models (sex × UEGL) [15]. All 
statistical analyses were performed using SAS version 9.4 
(SAS Institute Inc., Gary, NC, USA). All tests were two-
tailed, and P < 0.05 was considered statistically significant.

Results

The mean patient age was 51.7 (range 50.8–52.7) years, and 
there were 398 (62.7%) and 237 (37.3%) male and female 
patients, respectively. The patient characteristics are detailed 
in Table 1. Of the 17 factors, 8 were significantly different 
between the male and female patients; these were age, body 
mass index, number of current smokers, TC, high-density 
lipoprotein cholesterol, LDL-C, SUA, and UEGL. Mean-
while, there was no significant difference in diabetes mel-
litus duration, rate of hypertension, rate of hyperuricaemia, 

HbA1c, triglyceride, eGFR, UEUA, CLUA, and urine vol-
ume between the sexes.

The comparison of UA metabolism indicators, including 
SUA, UEUA, and CLUA, across the different UEGL quartile 
groups are presented in Table 2. Patients in the higher quar-
tile of UEGL tended to have lower SUA levels than those in 
the lower quartile. The adjusted geometric mean (95% CI) 
for SUA across the UEGL quartile (Q) groups was 324.8 
(312.1, 338.0) for Q1, 298.1 (287.0, 309.7) for Q2, 290.4 
(279.5, 301.7) for Q3, and 284.6 (273.2, 296.5) for Q4 (P for 
trend = 0.0001). With Q1 as the reference group, compari-
sons showed significant differences for each group (Q2, Q3, 
and Q4) (all P < 0.05). In contrast, participants in the higher 
quartile of UEGL were more likely to have higher CLUA 
(P for trend < 0.0001), and a similar trend was observed for 
UEUA. Although the P value for trend of UEUA was 0.26 
(P > 0.05), the UEUA of Q4 was significantly higher com-
pared with that of Q1 (P = 0.01).

Table 3 shows the associations between UEGL and 
UA metabolism indicators in the multivariable linear 
regression model. UEGL was negatively correlated with 
SUA after adjusting for the above-mentioned covariates 
(β = − 0.023, 95% CI − 0.034 to − 0.013, p < 0.0001). 
However, UEGL was positively correlated with UEUA 
(β = 0.046, 95% CI 0.018–0.074, p = 0.001) and CLUA 

Table 1   Participant characteristics (n = 635) 

Continuous and categorical variables are expressed as geometric means (95% confidence intervals) and as percentages, respectively
BMI body mass index, DM diabetes mellitus, HbA1c haemoglobin A1c, TC total cholesterol, TG triglyceride, HDL-C high-density lipoprotein 
cholesterol, LDL-C low-density lipoprotein cholesterol, eGFR estimated glomerular filtration rate, SUA serum uric acid, UEUA urinary excretion 
rate of uric acid, CLUA renal clearance of uric acid, UEGL urinary excretion rate of glucose
a Analysis of covariance or chi-square test

Characteristics Total Males (n = 398, 62.7%) Females (n = 237, 37.3%) Pa

Participants (n, %) -
 Age 51.7 (50.8–52.7) 50.3 (49.1–51.4) 54.3 (52.7–56.0)  < 0.0001
 BMI (kg/m2) 26.4 (26.1–26.7) 26.7 (26.3–27.2) 25.9 (25.3–26.4) 0.01

DM duration (years) 5.8 (5.4–6.3) 5.7 (5.1–6.3) 6.1 (5.3–6.9) 0.49
 Smoking (n, %) 216 (34.0) 197 (49.5) 19 (8.0)  < 0.0001
 Hypertension (n, %) 388 (61.1) 245 (61.6) 143 (60.3) 0.76
 Hyperuricaemia (n, %) 98 (15.4) 62 (15.6) 36 (15.2) 0.90
 HbA1c (%) 8.5 (8.3–8.6) 8.4 (8.2–8.6) 8.6 (8.4–8.9) 0.13
 TC (mmol/L) 5.00 (4.91–5.10) 4.87 (4.76–4.99) 5.22 (5.07–5.38)  < 0.001
 TG (mmol/L) 1.81 (1.72–1.91) 1.88 (1.75–2.01) 1.70 (1.58–1.83) 0.08
 HDL-C (mmol/L) 1.12 (1.10–1.14) 1.08 (1.05–1.10) 1.19 (1.16–1.23)  < 0.0001
 LDL-C (mmol/L) 3.12 (3.05–3.20) 3.00 (2.92–3.09) 3.33 (3.21–3.46)  < 0.0001
 eGFR (mL/min/1.73 m2) 104.52 (103.72–105.32) 105.03 (104.02–106.05) 103.66 (102.37–104.97) 0.10
 SUA (μmol/L) 303.6 (296.9–310.4) 321.4 (312.5–330.6) 275.8 (266.8–285.1)  < 0.0001
 UEUA (mg/24 h/1.73 m2) 312.07 (296.74–328.20) 316.42 (294.34–340.16) 304.89 (287.31–323.56) 0.48
 CLUA (mL/min/1.73 m2) 4.25 (4.02–4.49) 4.07 (3.76–4.40) 4.57 (4.28–4.87) 0.08
 UEGL (g/24 h) 2.48 (2.11–2.91) 3.91 (3.25–4.71) 1.15 (0.87–1.51)  < 0.0001
 Urine volume (L/24 h) 2.2 (2.2–2.3) 2.2 (2.1–2.3) 2.3 (2.2–2.4) 0.08
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(β = 0.063, 95% CI 0.042–0.085, p < 0.0001) in the 
adjusted model.

The results of multivariate logistic regression for the 
correlation of UEGL with hyperuricaemia are shown in 
Table 4 and Fig. 1. Consistent significant inverse asso-
ciations were observed between quartiles of UEGL and 
hyperuricaemia. The fully adjusted odds ratios (OR) of 
hyperuricaemia across the UEGL quartile (Q) groups were 
1.00 for Q1 (reference), 0.45 (0.22, 0.90) for Q2, 0.47 
(0.23, 0.96) for Q3, and 0.28 (0.12, 0.63) for Q4 (P for 
trend < 0.001).

There were no statistically significant interactions 
between sex and UEGL (P for interaction = 0.15 in the 

multivariable linear model and P for interaction = 0.78 in 
the multivariable logistic model).

Discussion

Few studies have evaluated on the relationship between 
UEGL and UA metabolism to date. In the present cross-sec-
tional study, we demonstrated that high UEGL was strongly 
positively correlated with UEUA and CLUA. Moreover, 
UEGL was negatively associated with SUA level, and a 
consistently increased UEGL reduced the risk of hyperuri-
caemia in patients with T2D.

Epidemiological studies have shown that patients with 
diabetes were at a lower risk of developing gout than non-
diabetes individuals [16], suggesting a potential associa-
tion between UA metabolism and diabetes. Decreased SUA 
level may be among the mechanisms of the uricosuric effect 
of glycosuria, which occurs when the blood glucose level 
exceeds the maximum threshold for kidney reabsorption [4, 
6]. Moreover, a study on uncomplicated type 1 diabetes sug-
gested that glycosuria, rather than hyperglycaemia, increased 
uricosuria [17], and a similar result was observed in a Japa-
nese clinical trial [10]. A recent study also demonstrated that 
the 2-h urinary glucose excretion was negatively correlated 
with SUA level in Chinese individuals newly diagnosed 
with diabetes [18]. Consistent with previous observations, 
the present study found that glycosuria was positively cor-
related with urinary excretion of UA, which was specifically 
manifested as high UEGL accompanied by high UEUA and 
CLUA. In contrast, patients in the higher quartile of UEGL 

Table 2   Adjusted geometric means of uric acid metabolism by quartiles of UEGL (n = 635)

UEGL urinary excretion rate of glucose, SUA serum uric acid, UEUA urinary excretion rate of uric acid, CLUA renal clearance of uric acid, Q1 
quartile 1 (P0, P25), Q2 quartile 2 (P25, P50), Q3 quartile 3 (P50, P75), Q4 quartile 4 (P75, P100)
a  Analysis of covariance; Adjusted for sex, age, body mass index, diabetes mellitus duration, smoking, hypertension, haemoglobin A1c, total 
cholesterol, triglyceride, high-density lipoprotein cholesterol, and estimated glomerular filtration rate. Test for trend based on variable containing 
median value for each quartile
b  Adjusted geometric mean (95% confidence interval) (all such values)
c  Significantly different from SUA of Q1, P = 0.02 (Bonferroni-corrected)
d  Significantly different from SUA, UEUA, and CLUA of Q1, respectively, P < 0.001 (Bonferroni-corrected)
e  Significantly different from UEUA of Q1, P = 0.01 (Bonferroni-corrected)
f  Significantly different from CLUA of Q1, P < 0.0001 (Bonferroni-corrected)

Categories UEGL category P for trend a

Q1 Q2 Q3 Q4

Range (g/24 h) 0.01–0.59 0.61–4.03 4.07–12.43 12.51–57.08 –
No. of participants 159 159 158 159 –
SUA (μmol/L) 324.8 (312.1–338.0)b 298.1 (287.0–309.7)c 290.4 (279.5–301.7)d 284.6 (273.2–296.5)d 0.0001
UEUA (mg/24 h/1.73 

m2)
280.22 (251.84–311.80) 315.35 (284.86–349.10) 305.70 (275.95–338.65) 362.41 (324.79–404.39)e 0.26

CLUA (mL/min/1.73 
m2)

3.60 (3.31–3.91) 4.51 (4.17–4.88)d 4.57 (4.23–4.95)d 5.15 (4.73–5.60)f  < 0.0001

Table 3   Influence of UEGL on uric acid metabolism indicators 
(n = 635)

Obtained by using multivariable linear regression models
CI confidence interval, UEGL urinary excretion rate of glucose, SUA 
serum uric acid, UEUA urinary excretion rate of uric acid, CLUA and 
renal clearance of uric acid
a Multivariable linear regression model with UEGL as the independ-
ent variable and uric acid metabolism indicators as the dependent 
variables. Adjusted for sex, age, body mass index, diabetes mellitus 
duration, smoking, hypertension, haemoglobin A1c, total cholesterol, 
triglyceride, high-density lipoprotein cholesterol, and estimated glo-
merular filtration rate

Categories β coefficient 95% CI Standardized 
β coefficient

Pa

SUA − 0.023 − 0.034, − 0.013 − 0.169  < 0.0001
UEUA 0.046 0.018, 0.074 0.148 0.001
CLUA 0.063 0.042, 0.085 0.256  < 0.0001
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tended to have lower SUA levels and lower risk of hyperuri-
caemia. In contrast, some studies showed that elevated SUA 
levels increased the risk of related chronic complications in 
obese adolescents with T2D and that diabetes patients are 
at higher risk of gout, with lower SUA associated with poor 
glycaemic control [3, 6]. A large retrospective cohort study 
reported that it is not diabetes itself but the comorbid condi-
tions that increased the risk of gout [19]. In fact, the aetiolo-
gies of UA metabolism are complex. In addition, HbA1c 
and fasting glucose levels showed a bell-shaped relation 
with SUA levels [6]. This bell-shaped relationship raises an 
interesting implication of divergent risk of hyperuricaemia. 
Similarly, patients with T2D in the higher quintile of SUA 

were more likely to have lower HbA1c level in a large Ital-
ian observational study [20]. Notably, it is unclear whether 
there is a critical point for UEGL, that is, UA excretion will 
no longer increase when it reaches beyond a certain cut-off. 
Further larger studies are needed to clarify the hypothesis.

The specific mechanisms responsible for the uricosuric 
effect of glycosuria are yet to be clearly established. How-
ever, osmotic diuresis and/or a glomerular hyperfiltration 
state induced by glycosuria may play an important role 
[21]. In humans, UA is not further converted into soluble 
allantoin owing to the absence of uricase, which is readily 
eliminated in the urine. Approximately, 90% of UA is reab-
sorbed and secreted by the proximal tubules of the kidney, 
with the remaining part disposed by the gut [22]. Several 
anion transporters are involved in UA reabsorption, includ-
ing urate transporter 1, glucose transporter 9 isoform 2, 
organic anion transporter 4, and organic anion transporter 
10 [23–26]. Human glucose transporter 9 isoform 2, which 
is mostly located on the apical membrane of the proximal 
convoluted tubules, transport UA in exchange for urinary 
glucose at 10 mmol per litre [23]. Glucose transporter 9 
isoform 2 as a facilitative glucose transporter is currently 
considered to play a major role in the uricosuric effect of 
glycosuria [10, 17, 24].

Observational studies displayed that elevated SUA levels 
were associated with various outcomes, including albumi-
nuria, chronic kidney disease (CKD), cardiovascular events, 
and death [27–29], suggesting potential benefits of lower-
ing UA. Indeed, several single-centre small sample trials 
demonstrated that urate reduction treatment with uric-acid-
lowering drugs could slow the progression of CKD [30–33]. 
Also the systematic review and meta-analysis showed that 
uric acid-lowering therapy with allopurinol may delay the 
progression of CKD [34]. However, recent large randomized 
controlled trials showed no clinical benefits of serum urate 

Table 4   Association between UEGL and HUA (n = 635)

UEGL urinary excretion rate of glucose, Q1 quartile 1 (P0, P25), Q2 quartile 2 (P25, P50), Q3 quartile 3 (P50, P75), Q4 quartile 4 (P75, P100)
a Obtained by using logistic regression analysis. Test for trend based on variable including the median value for each quartile
b Adjusted for sex, age, body mass index, diabetes mellitus duration, smoking, hypertension, haemoglobin A1c, total cholesterol, triglyceride, 
high-density lipoprotein cholesterol, and estimated glomerular filtration rate
c Data are presented as odds ratio (OR) (95% confidence interval)
d Significantly different from UEGL of Q1, P = 0.03 (Bonferroni-corrected)
e Significantly different from UEGL of Q1, P = 0.04 (Bonferroni-corrected)
f Significantly different from UEGL of Q1, P = 0.003 (Bonferroni-corrected)

Logistic regression models UEGL category P for trend a

Q1 Q2 Q3 Q4

Range (g/24 h) 0.01–0.59 0.61–4.03 4.07–12.43 12.51–57.08 –
No. of subjects 159 159 158 159 –
No. of hyperuricaemia 37 22 23 16 –
Multivariable model b 1.00 (reference) 0.45 (0.22, 0.90)c, d 0.47 (0.23, 0.96)e 0.28 (0.12, 0.63) f  < 0.001

Fig. 1   Adjusted odds ratios of hyperuricaemia across the UEGL 
quartiles UEGL urinary excretion rate of glucose, Q1 quartile 1 (P0, 
P25), Q2 quartile 2 (P25, P50), Q3 quartile 3 (P50, P75), Q4 quartile 
4 (P75, P100). The odds ratio adjusted for sex, age, body mass index, 
diabetes mellitus duration, smoking, hypertension, haemoglobin A1c, 
total cholesterol, triglyceride, high-density lipoprotein cholesterol, 
and estimated glomerular filtration rate was calculated using the low-
est UEGL Q1 subgroup as a reference
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reduction on kidney outcomes among patients with CKD 
and type 1 diabetes [35, 36]. And mendelian randomization 
studies suggested that SUA level was not a causal risk factor 
for renal complications in type 1 diabetes or in the general 
population [37, 38]. Moreover, the causality of SUA and 
increased risk of cardiometabolic traits is affected by mul-
tiple factors, potentially mediated through gout, hyperten-
sion and hypercholesterolemia [39]. These make it difficult 
to evaluate the clinical importance of lowering UA. what 
counts most is that it is currently unclear whether hyper-
uricemia plays a causative role in CKD progression or is 
merely a biomarker of decreased kidney function. In the 
future, more clinical trials will be needed to validate the 
association between SUA and CKD.

This study has some limitations. First, it was a single-
centre cross-sectional study and did not prove causality. 
Second, to reduce the influence of renal insufficiency on 
uric acid excretion, only patients with basically normal renal 
function were included. Considering that some drugs can 
affect UA metabolism, we had to exclude a considerable 
number of individuals during screening, and this might have 
led to selection bias. Our participants only included those 
without taking drugs. However, this homogeneity can help 
reduce unmeasured confounding related to these drugs. 
Third, inconsistent glycaemic control may have an impact 
on urinary glucose excretion, although urine samples were 
collected after achieving stable glycaemic control. Despite 
these limitations, we believe that the present study remains 
valuable because it provides additional evidence to clarify 
the relationship between UEGL and UA metabolism in T2D.

In conclusion, our study confirmed that high UEGL was 
positively correlated with UEUA and CLUA. Moreover, 
high UEGL was inversely associated with SUA level, and 
consistently increased UEGL lowered the risk of hyperuri-
caemia in patients with T2D.

Acknowledgements  We are grateful to the research team. We also 
like to acknowledge all staff nurses and doctors in the Department of 
Nephrology and Department of Clinical Laboratory at Tianjin Medical 
University Chu Hsien-I Memorial Hospital for their kind cooperation.

Author contributions  YQ and BC helped design and conceive the 
study. YQ, SC, XS, JW, XC, MZ, ZG, and JZ performed the experi-
ments. SZ and HZ analysed the data. YQ and SC prepared the main 
manuscript text. JY and BC helped revise the paper.

Funding  This study was funded by the National Key R&D Program of 
China (Nos. 2018YFC1314000), National Natural Science Foundation 
of China (No.81774043), Tianjin Science and Technology Plan Project 
(No.17ZXMFSY00140), Natural Science Foundation of Tianjin City 
(No.17JCZDJC34700), and Scientific Research Funding of Tianjin 
Medical University Chu Hsien-I Memorial Hospital (account number 
2018ZDKF06).

Data availability  The datasets generated for this study are available on 
request to the corresponding author.

Compliance with ethical standards 

Conflict of interest  The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that 
could be construed as a potential conflict of interest.

Research involving human participants and/or animals  All procedures 
followed were in accordance with the ethical standards of the responsi-
ble committee on human experimentation (Institutional and National) 
and with the Helsinki Declaration of 1964 and later versions.

Informed consent  Informed consent was obtained from all patients for 
being included in the study.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat​iveco​mmons​.org/licen​ses/by/4.0/.

References

	 1.	 Sharaf El Din UAA, Salem MM, Abdulazim DO (2017) Uric 
acid in the pathogenesis of metabolic, renal, and cardiovascu-
lar diseases: A REVIEW. J Adv Res 8(5):537–548. https​://doi.
org/10.1016/j.jare.2016.11.004

	 2.	 Fang J, Alderman MH (2000) Serum uric acid and cardiovascular 
mortality the NHANES I epidemiologic follow-up study, 1971–
1992. National Health and Nutrition Examination Survey. JAMA 
283(18):2404–2410. https​://doi.org/10.1001/jama.283.18.2404

	 3.	 Bjornstad P, Laffel L, Lynch J, El Ghormli, L, Weinstock RS, 
Tollefsen SE, Nadeau KJ, TODAY Study Group (2019) Elevated 
Serum Uric Acid Is Associated With Greater Risk for Hyperten-
sion and Diabetic Kidney Diseases in Obese Adolescents With 
Type 2 Diabetes: An Observational Analysis From the Treatment 
Options for Type 2 Diabetes in Adolescents and Youth (TODAY) 
Study. Diabetes Care 42(6):1120–1128. https​://doi.org/10.2337/
dc18-2147

	 4.	 Herman JB, Goldbourt U (1982) Uric acid and diabetes: observa-
tions in a population study. Lancet 2(8292):240–243. https​://doi.
org/10.1016/s0140​-6736(82)90324​-5

	 5.	 González-Sicilia L, García-Estañ J, Martínez-Blázquez A, Fernán-
dez-Pardo J, Quiles JL, Hernández J (1997) Renal metabolism of 
uric acid in type I insulin-dependent diabetic patients: relation to 
metabolic compensation. Horm Metab Res 29(10):520–523. https​
://doi.org/10.1055/s-2007-97909​3

	 6.	 Choi HK, Ford ES (2008) Haemoglobin A1c, fasting glucose, 
serum C-peptide and insulin resistance in relation to serum uric 
acid levels–the Third National Health and Nutrition Examina-
tion Survey. Rheumatology (Oxford) 47(5):713–717. https​://doi.
org/10.1093/rheum​atolo​gy/ken06​6

	 7.	 Gotfredsen A, McNair P, Christiansen C, Transbøl I (1982) Renal 
hypouricaemia in insulin treated diabetes mellitus. Clin Chim Acta 
120(3):355–361. https​://doi.org/10.1016/0009-8981(82)90376​-x

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jare.2016.11.004
https://doi.org/10.1016/j.jare.2016.11.004
https://doi.org/10.1001/jama.283.18.2404
https://doi.org/10.2337/dc18-2147
https://doi.org/10.2337/dc18-2147
https://doi.org/10.1016/s0140-6736(82)90324-5
https://doi.org/10.1016/s0140-6736(82)90324-5
https://doi.org/10.1055/s-2007-979093
https://doi.org/10.1055/s-2007-979093
https://doi.org/10.1093/rheumatology/ken066
https://doi.org/10.1093/rheumatology/ken066
https://doi.org/10.1016/0009-8981(82)90376-x


1987Journal of Endocrinological Investigation (2021) 44:1981–1988	

1 3

	 8.	 Aires I, Santos AR, Pratas J, Nolasco F, Calado J (2013) Hypou-
ricaemia and hyperuricosuria in familial renal glucosuria. Clin 
Kidney J 6(5):523–525. https​://doi.org/10.1093/ckj/sft10​0

	 9.	 Zhao Y, Xu L, Tian D, Xia P, Zheng H, Wang L, Chen L (2018) 
Effects of sodium-glucose co-transporter 2 (SGLT2) inhibitors 
on serum uric acid level: A meta-analysis of randomized con-
trolled trials. Diabetes Obes Metab 20(2):458–462. https​://doi.
org/10.1111/dom.13101​

	10.	 Chino Y, Samukawa Y, Sakai S, Nakai Y, Yamaguchi J, Nakani-
shi T, Tamai I (2014) SGLT2 inhibitor lowers serum uric acid 
through alteration of uric acid transport activity in renal tubule 
by increased glycosuria. Biopharm Drug Dispos 35(7):391–404. 
https​://doi.org/10.1002/bdd.1909

	11.	 Stevens PE, Levin A, Kidney Disease: Improving Global Out-
comes Chronic Kidney Disease Guideline Development Work 
Group Members (2013) Evaluation and management of chronic 
kidney disease: synopsis of the kidney disease: improving 
global outcomes 2012 clinical practice guideline. Ann Intern 
Med 158(11):825–830. https​://doi.org/10.7326/0003-4819-158-
11-20130​6040-00007​

	12.	 Song G, Liu J, Qiao W, Chen Y, Sun L, Ren W, Li F, Fan M 
(2016) Regression equations of Z score and echocardiographic 
nomograms for coronary sinus in healthy children. Int J Cardio-
vasc Imaging 32(12):1687–1695. https​://doi.org/10.1007/s1055​
4-016-0960-7

	13.	 Zhu Y, Pandya BJ, Choi HK (2011) Prevalence of gout and 
hyperuricemia in the US general population: the National 
Health and Nutrition Examination Survey 2007–2008. Arthritis 
Rheum 63(10):3136–3141. https​://doi.org/10.1002/art.30520​

	14.	 Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 
3rd, Feldman HI, Kusek JW, Eggers P, Van Lente F, Greene T, 
Coresh J (2009) CKD-EPI (Chronic Kidney Disease Epidemi-
ology Collaboration). A new equation to estimate glomerular 
filtration rate. Ann Intern Med 150(9):604–612. https​://doi.
org/10.7326/0003-4819-150-9-20090​5050-00006​

	15.	 Thoresen M (2019) Spurious interaction as a result of cat-
egorization. BMC Med Res Methodol 19(1):28. https​://doi.
org/10.1186/s1287​4-019-0667-2

	16.	 Rodríguez G, Soriano LC, Choi HK (2010) Impact of diabe-
tes against the future risk of developing gout. Ann Rheum Dis 
69(12):2090–2094. https​://doi.org/10.1136/ard.2010.13001​3

	17.	 Lytvyn Y, Škrtić M, Yang GK, Yip PM, Perkins BA, Cherney 
DZ (2015) Glycosuria-mediated urinary uric acid excretion in 
patients with uncomplicated type 1 diabetes mellitus. Am J 
Physiol Renal Physiol 308(2):F77–F83. https​://doi.org/10.1152/
ajpre​nal.00555​.2014

	18.	 Chen J, Qiu SH, Guo HJ, Li W, Sun ZL (2019) Increased urinary 
glucose excretion is associated with a reduced risk of hyperu-
ricaemia. Diabet Med 36(7):902–907. https​://doi.org/10.1111/
dme.13956​

	19.	 Wijnands JM, van Durme CM, Driessen JH, Boonen A, Klop 
C, Leufkens B, Cooper C, Stehouwer CD, de Vries F (2015) 
Individuals with type 2 diabetes mellitus are at an increased 
risk of gout but this is not due to diabetes: a population-based 
cohort study. Medicine (Baltimore) 94(32):e1358. https​://doi.
org/10.1097/MD.00000​00000​00135​8

	20.	 De Cosmo S, Viazzi F, Pacilli A, Giorda C, Ceriello A, Gentile S, 
Russo G, Rossi MC, Nicolucci A, Guida P, Feig D, Johnson RJ, 
Pontremoli R, AMD-Annals Study Group (2015) Serum uric acid 
and risk of CKD in type 2 DIABETES. Clin J Am Soc Nephrol 
10(11):1921–1929. https​://doi.org/10.2215/CJN.03140​315

	21.	 Gilbert RE (2014) Sodium-glucose linked transporter-2 inhibi-
tors: potential for renoprotection beyond blood glucose lowering? 
Kidney Int 86(4):693–700. https​://doi.org/10.1038/ki.2013.451

	22.	 Lytvyn Y, Perkins BA, Cherney DZ (2015) Uric acid as a bio-
marker and a therapeutic target in diabetes. Can J Diabetes 
39(3):239–246. https​://doi.org/10.1016/j.jcjd.2014.10.013

	23.	 Anzai N, Ichida K, Jutabha P, Kimura T, Babu E, Jin CJ, Sriv-
astava S, Kitamura K, Hisatome I, Endou H, Sakurai H (2008) 
Plasma urate level is directly regulated by a voltage-driven urate 
efflux transporter URATv1 (SLC2A9) in humans. J Biol Chem 
283(40):26834–26838. https​://doi.org/10.1074/jbc.C8001​56200​

	24.	 Augustin R, Carayannopoulos MO, Dowd LO, Phay JE, Moley 
JF, Moley KH (2004) Identification and characterization of human 
glucose transporter-like protein-9 (GLUT9): alternative splicing 
alters trafficking. J Biol Chem 279(16):16229–16236. https​://doi.
org/10.1074/jbc.M3122​26200​

	25.	 Hagos Y, Stein D, Ugele B, Burckhardt G, Bahn A (2007) Human 
renal organic anion transporter 4 operates as an asymmetric 
urate transporter. J Am Soc Nephrol 18(2):430–439. https​://doi.
org/10.1681/ASN.20060​40415​

	26.	 Bahn A, Hagos Y, Reuter S, Balen D, Brzica H, Krick W, 
Burckhardt BC, Sabolic I, Burckhardt G (2008) Identification 
of a new urate and high affinity nicotinate transporter, hOAT10 
(SLC22A13). J Biol Chem 283(24):16332–16341. https​://doi.
org/10.1074/jbc.M8007​37200​

	27.	 Jalal DI, Rivard CJ, Johnson RJ, Maahs DM, McFann K, Rewers 
M, Snell-Bergeon JK (2010) Serum uric acid levels predict the 
development of albuminuria over 6 years in patients with type 1 
diabetes: findings from the Coronary Artery Calcification in Type 
1 Diabetes study. Nephrol Dial Transplant 25(6):1865–1869. https​
://doi.org/10.1093/ndt/gfp74​0

	28.	 Obermayr RP, Temml C, Gutjahr G, Knechtelsdorfer M, Ober-
bauer R, Klauser-Braun R (2008) Elevated uric acid increases 
the risk for kidney disease. J Am Soc Nephrol 19(12):2407–2413. 
https​://doi.org/10.1681/ASN.20080​10080​

	29.	 Madero M, Sarnak MJ, Wang X, Greene T, Beck GJ, Kusek JW, 
Collins AJ, Levey AS, Menon V (2008) Uric acid and long-term 
outcomes in CKD. Am J Kidney Dis 53(5):796–803. https​://doi.
org/10.1053/j.ajkd.2008.12.021

	30.	 Siu YP, Leung KT, Tong MK, Kwan TH (2006) Use of allopurinol 
in slowing the progression of renal disease through its ability to 
lower serum uric acid level. Am J Kidney Dis 47(1):51–59. https​
://doi.org/10.1053/j.ajkd.2005.10.006

	31.	 Goicoechea M, Garcia de Vinuesa S, Verdalles U, Verde E, Macias 
N, Santos A, Pérez de Jose A, Cedeño S, Linares T, Luño J (2015) 
Allopurinol and progression of CKD and cardiovascular events: 
long-term follow-up of a randomized clinical trial. Am J Kidney 
Dis 65(4):543–549. https​://doi.org/10.1053/j.ajkd.2014.11.016

	32.	 Goicoechea M, de Vinuesa SG, Verdalles U, Ruiz-Caro C, Ampu-
ero J, Rincón A, Arroyo D, Luño J (2010) Effect of allopurinol 
in chronic kidney disease progression and cardiovascular risk. 
Clin J Am Soc Nephrol 5(8):1388–1393. https​://doi.org/10.2215/
CJN.01580​210

	33.	 Sircar D, Chatterjee S, Waikhom R, Golay V, Raychaudhury A, 
Chatterjee S, Pandey R (2015) Efficacy of febuxostat for slow-
ing the GFR decline in patients with ckd and asymptomatic 
hyperuricemia: a 6-month, double-blind, randomized, Placebo-
Controlled Trial. Am J Kidney Dis 66(6):945–950. https​://doi.
org/10.1053/j.ajkd.2015.05.017

	34.	 Bose B, Badve SV, Hiremath SS, Boudville N, Brown FG, Cass A, 
de Zoysa JR, Fassett RG, Faull R, Harris DC, Hawley CM, Kanel-
lis J, Palmer SC, Perkovic V, Pascoe EM, Rangan GK, Walker 
RJ, Walters G, Johnson DW (2014) Effects of uric acid-lowering 
therapy on renal outcomes: a systematic review and meta-analysis. 
Nephrol Dial Transplant 29(2):406–413. https​://doi.org/10.1093/
ndt/gft37​8

	35.	 Badve SV, Pascoe EM, Tiku A, Boudville N, Brown FG, Cass 
A, Clarke P, Dalbeth N, Day RO, de Zoysa JR, Douglas B, Faull 
R, Harris DC, Hawley CM, Jones GRD, Kanellis J, Palmer SC, 

https://doi.org/10.1093/ckj/sft100
https://doi.org/10.1111/dom.13101
https://doi.org/10.1111/dom.13101
https://doi.org/10.1002/bdd.1909
https://doi.org/10.7326/0003-4819-158-11-201306040-00007
https://doi.org/10.7326/0003-4819-158-11-201306040-00007
https://doi.org/10.1007/s10554-016-0960-7
https://doi.org/10.1007/s10554-016-0960-7
https://doi.org/10.1002/art.30520
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://doi.org/10.1186/s12874-019-0667-2
https://doi.org/10.1186/s12874-019-0667-2
https://doi.org/10.1136/ard.2010.130013
https://doi.org/10.1152/ajprenal.00555.2014
https://doi.org/10.1152/ajprenal.00555.2014
https://doi.org/10.1111/dme.13956
https://doi.org/10.1111/dme.13956
https://doi.org/10.1097/MD.0000000000001358
https://doi.org/10.1097/MD.0000000000001358
https://doi.org/10.2215/CJN.03140315
https://doi.org/10.1038/ki.2013.451
https://doi.org/10.1016/j.jcjd.2014.10.013
https://doi.org/10.1074/jbc.C800156200
https://doi.org/10.1074/jbc.M312226200
https://doi.org/10.1074/jbc.M312226200
https://doi.org/10.1681/ASN.2006040415
https://doi.org/10.1681/ASN.2006040415
https://doi.org/10.1074/jbc.M800737200
https://doi.org/10.1074/jbc.M800737200
https://doi.org/10.1093/ndt/gfp740
https://doi.org/10.1093/ndt/gfp740
https://doi.org/10.1681/ASN.2008010080
https://doi.org/10.1053/j.ajkd.2008.12.021
https://doi.org/10.1053/j.ajkd.2008.12.021
https://doi.org/10.1053/j.ajkd.2005.10.006
https://doi.org/10.1053/j.ajkd.2005.10.006
https://doi.org/10.1053/j.ajkd.2014.11.016
https://doi.org/10.2215/CJN.01580210
https://doi.org/10.2215/CJN.01580210
https://doi.org/10.1053/j.ajkd.2015.05.017
https://doi.org/10.1053/j.ajkd.2015.05.017
https://doi.org/10.1093/ndt/gft378
https://doi.org/10.1093/ndt/gft378


1988	 Journal of Endocrinological Investigation (2021) 44:1981–1988

1 3

Perkovic V, Rangan GK, Reidlinger D, Robison L, Walker RJ, 
Walters G, Johnson DW, CKD-FIX Study Investigators (2020) 
Effects of allopurinol on the progression of chronic kidney dis-
ease. N Engl J Med 382(26):2504–2513. https​://doi.org/10.1056/
NEJMo​a1915​833

	36.	 Doria A, Galecki AT, Spino C, Pop-Busui R, Cherney DZ, Ling-
vay I, Parsa A, Rossing P, Sigal RJ, Afkarian M, Aronson R, 
Caramori ML, Crandall JP, de Boer IH, Elliott TG, Goldfine AB, 
Haw JS, Hirsch IB, Karger AB, Maahs DM, McGill JB, Molitch 
ME, Perkins BA, Polsky S, Pragnell M, Robiner WN, Rosas SE, 
Senior P, Tuttle KR, Umpierrez GE, Wallia A, Weinstock RS, Wu 
C, Mauer M, PERL Study Group (2020) Serum urate lowering 
with allopurinol and kidney function in type 1 diabetes. N Engl J 
Med 382(26):2493–2503. https​://doi.org/10.1056/NEJMo​a1916​
624

	37.	 Ahola AJ, Sandholm N, Forsblom C, Harjutsalo V, Dahlström 
E, Groop PH, FinnDiane Study Group (2017) The serum uric 
acid concentration is not causally linked to diabetic nephropa-
thy in type 1 diabetes. Kidney Int 91(5):1178–1185. https​://doi.
org/10.1016/j.kint.2016.11.025

	38.	 Jordan DM, Choi HK, Verbanck M, Topless R, Won HH, Nad-
karni G, Merriman TR, Do R (2019) No causal effects of serum 
urate levels on the risk of chronic kidney disease: A Mendelian 
randomization study. PLoS Med 16(1):e1002725. https​://doi.
org/10.1371/journ​al.pmed.10027​25

	39.	 Li X, Meng X, He Y, Spiliopoulou A, Timofeeva M, Wei WQ, 
Gifford A, Yang T, Varley T, Tzoulaki I, Joshi P, Denny JC, Mck-
eigue P, Campbell H, Theodoratou E (2019) Genetically deter-
mined serum urate levels and cardiovascular and other diseases in 
UK Biobank cohort: A phenome-wide mendelian randomization 
study. PLoS Med 16(10):e1002937. https​://doi.org/10.1371/journ​
al.pmed.10029​37

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1056/NEJMoa1915833
https://doi.org/10.1056/NEJMoa1915833
https://doi.org/10.1056/NEJMoa1916624
https://doi.org/10.1056/NEJMoa1916624
https://doi.org/10.1016/j.kint.2016.11.025
https://doi.org/10.1016/j.kint.2016.11.025
https://doi.org/10.1371/journal.pmed.1002725
https://doi.org/10.1371/journal.pmed.1002725
https://doi.org/10.1371/journal.pmed.1002937
https://doi.org/10.1371/journal.pmed.1002937

	High urinary excretion rate of glucose attenuates serum uric acid level in type 2 diabetes with normal renal function
	Abstract
	AimsIntroduction 
	Materials and methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Study design and participants
	Measurements
	Statistical analysis

	Results
	Discussion
	Acknowledgements 
	References




