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 Abstract 
  Background/Aims:  Glutathione S-transferases (GSTs) are cytosolic enzymes excreted from 
renal tubules following tubular damage. α-GST primarily originates from proximal tubules, 
while π-GST from distal tubules and collecting ducts. We investigated if GST levels are associ-
ated with renal function in patients with type 1 diabetes.  Methods:  We conducted a cross-
sectional study including 189 Caucasian patients with type 1 diabetes and 16 nondiabetic 
controls. α- and π-GST were measured by ELISA and reported as GST/urinary creatinine excre-
tion (μg/mmol).  Results:  The subjects were 53 ± 14 years old, 66 (35%) were female and the 
estimated glomerular filtration rate was 85 ± 29 ml/min/1.73 m 2 . Normo- (<30 mg/24 h), mi-
cro- (30–299 mg/24 h) and macroalbuminuria ( ≥ 300 mg/24 h) was present in 57, 61 and 71 
patients, respectively. α- and π-GST/creatinine ratios in controls versus all patients were 0.07 
(0–0.3) and 0.11 (0–0.8) μg/mmol versus 0.05 (0–2.3) and 0.16 (0–4.9) μg/mmol (p  ≥  0.16; ad-
justed for age and gender, p  ≥  0.18). The α-GST/creatinine ratio positively correlated with fe-
male gender (p = 0.04), while the π-GST/creatinine ratio was associated with age and female 
gender (p  ≤  0.016). Comparing normo-, micro- and macroalbuminuric patients, α- and π-GST 
levels were similar (p = 0.10; adjusted p = 0.11). Neither α- nor π-GST levels were significant-
ly associated with renal function (p  ≥  0.34).  Conclusion:  α- and π-GST/creatinine ratios were 
similar among controls and patients with type 1 diabetes. In addition, we did not find asso-
ciations with albuminuria degree or level of renal function. The significance of increased or 
decreased excretion of α- and π-GST among patients with diabetes needs to be clarified. 
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 Introduction 

 Diabetic nephropathy (DN) is a devastating complication of diabetes, affecting approxi-
mately 25% of diabetic patients, and it is the most common cause of end-stage renal disease 
(ESRD) in the Western world  [1] . Furthermore, patients with DN are at a higher risk of cardio-
vascular morbidity and mortality  [2] . Although the prognosis for the patients has improved 
in part due to improved glycemic control  [3] , aggressive blood pressure control and inhibition 
of the renin-angiotensin-aldosterone system (RAAS)  [4] , DN remains to be a significant 
problem. Early detection and treatment of DN could potentially delay or even prevent the 
development of ESRD  [5] .

  Although albuminuria is a major marker in predicting patients at risk of developing DN 
 [6] , not all patients with albuminuria develop ESRD and the development of impaired renal 
function in the absence of albuminuria is not uncommon  [7] , and thus new markers to 
supplement albuminuria are warranted. 

  Studies have shown that besides glomerular damage, tubulointerstitial damage plays an 
important role in the pathogenesis and progression of DN  [8] . Recently, markers of proximal 
tubular damage, such as α 1 - and β 2 -microglobulin, neutrophil gelatinase-associated lipocalin, 
liver fatty acid-binding protein and kidney injury molecule-1  [9–11] , have been shown to be 
related to the development of DN, although the associations tend to disappear when adjusting 
for risk factors. 

  Glutathione S-transferases (GSTs) are cytosolic enzymes found in high concentrations in 
renal tubules. α-GST is primarily expressed in the proximal tubules, while π-GST is expressed 
in the distal tubules and collecting ducts  [12] . Following tubular damage, GSTs are released 
into the urine  [13] .

  The aim of this study was to evaluate if levels of α-GST and π-GST, representing markers 
of distal and proximal tubular damage, respectively, are associated with levels of albuminuria 
and renal function in adult patients with type 1 diabetes.

  Materials and Methods 

 Design and Subjects 
 From September 2009 until June 2011, Caucasian patients with type 1 diabetes attending 

the outpatient clinic at the Steno Diabetes Center were invited to enter a cross-sectional study 
investigating the associations between blood pressure, arterial stiffness, and diabetes compli-
cations  [14] . Of 1,285 patients invited, 676 patients were included in the study. The cohort 
was selected to encompass patients with a wide range of albuminuria; hence, 316 patients 
with normoalbuminuria, 169 with microalbuminuria, and 191 with macroalbuminuria were 
included. A control group of 51 persons without diabetes was also enrolled in the study.

  In a random subset of this cohort, urine samples were collected for the analysis of GSTs. 
Samples for the measurement of α- and π-GST were available in 189 (28.0%) patients (57 
normo-, 61 micro- and 71 macroalbuminuric) and 16 (31.4%) control subjects.

  Clinical and Laboratory Methods 
 For all patients, blood samples and clinical characteristics were collected. HbA 1c  was 

measured by high-performance liquid chromatography [normal range: 4.1–6.4%, 21–46 
mmol/mol; Variant, Biorad Laboratories, Munich, Germany], plasma cholesterol and serum 
creatinine concentration by standardized methods. The urinary albumin excretion rate 
(UAER) was measured in 24-hour urine collections by enzyme immunoassay. Patients were 
stratified as normoalbuminuric if their UAER was <30 mg/24 h in two out of three previous 
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consecutive measurements resulting from medical records, and on the day of examination. 
Similarly micro- or macroalbuminuric patients were defined as having a UAER between 30 
and 299 mg/24 h or  ≥ 300 mg/24 h, respectively, without other kidney or urinary diseases. 
Patients with a history of persistently elevated UAER, subsequently reduced with treatment, 
were categorized according to historic elevated samples. They were stratified as either 
normoalbuminuric or albuminuric (UAER  ≥ 30 mg/24 h), based on the above-described 
samples.

  The estimated glomerular filtration rate (eGFR) was calculated by the four-variable 
modification of diet in renal disease equation  [15] .   

  Urine Measurements 
 The quantitative analyses of the biomarkers α-GST and π-GST in spot urine samples were 

performed by ELISA, using the protocol of the α-GST EIA (BIO66NEPHA) and the π-GST EIA 
(BIO85) NEPHKIT ®  from Argutus Medical, Ireland. The average inter-/intra-assay coeffi-
cients of variation for α-GST and π-GST were 6.3/2.7% and 8.6/3.1%, respectively. The lower 
limit of detection for both α-GST and π-GST was 0.3 μg/l.

  In order to correct for variation in urine concentrations, the biomarker values were 
calculated relative to the urine creatinine levels.

  The study conformed to the Declaration of Helsinki and was approved by the Danish 
National Committee on Biomedical Research Ethics (2009-056; NCT01171248). All patients 
gave their written informed consent.

  Statistics 
 Normally distributed variables are given as means ± SD, whereas nonnormally distributed 

variables are given as medians and interquartile ranges and are log 10 -transformed before 
analysis.

  Univariate and multivariate linear regression compared levels of GSTs with covariates 
[including age, gender, diabetes duration, HbA 1c , diastolic blood pressure, mean arterial 
pressure (MAP), UAER, eGFR, total cholesterol, antihypertensive treatment (AHT) and 
smoking]. Comparisons between groups were performed by unpaired Student’s t test and 
analysis of variance.

  Analysis of covariance was used in multivariate comparisons (adjusted for gender, age 
and eGFR). A two-tailed p value <0.05 was considered significant. Statistical analyses were 
performed using SPSS for Windows, version 20.0 (SPSS, Chicago, Ill., USA).

  Results 

 The patients were 53 ± 14 years old, and had had diabetes for an average of 28 (1–65) 
years with an eGFR of 84 ± 29 ml/min/1.73 m 2 ; 66 (35%) of them were female. The controls 
were 40 ± 12 years old and had an eGFR of 100 ± 19 ml/min/1.73 m 2 ; 6 (38%) of them were 
female ( table 1 ).

  α- and π-GST in Patients versus Controls 
 The α- and π-GST/creatinine ratios in controls versus all patients were 0.07 (0–0.3) and 

0.11 (0–0.8) μg/mmol versus 0.05 (0–2.3) and 0.16 (0–4.9) μg/mmol (p  ≥  0.28; adjusted for 
age, gender and eGFR, p  ≥  0.24).

  When comparing nondiabetic controls with normoalbuminuric patients, the levels of 
α-GST and π-GST were similar (p  ≥  0.38; adjusted for age, gender and eGFR, p  ≥  0.30).
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  α- and π-GST in Patients with Diabetes 
 The α-GST/creatinine ratio was significantly higher in females [0.06 (0–1.9) μg/mmol] 

than in males [0.04 (0–2.3) μg/mmol; p = 0.04], while it was similar in smokers and nonsmok-
ers and in patients with or without AHT (p  ≥  0.60). It did not correlate with age, diabetes 
duration, MAP, diastolic blood pressure, total cholesterol, UAER or eGFR (p  ≥  0.22), but 
tended to be positively correlated with HbA 1c  (p = 0.063). In multivariate analyses (including 
gender, age, diabetes duration, HbA 1c , MAP, diastolic blood pressure, UAER, eGFR, total 
cholesterol, AHT and smoking), no correlations were found (p > 0.10).

  In contrast, π-GST correlated positively with age (p = 0.029), but not with diabetes 
duration, HbA 1c  MAP, diastolic blood pressure, total cholesterol, UAER, eGFR, AHT or 
smoking (p  ≥  0.14). In addition, π-GST was significantly higher in females (p < 0.0001), 
while it was similar in smokers and nonsmokers and in patients with or without AHT (p  ≥  
0.21).

  In multivariate analyses (including gender, age, diabetes duration, HbA 1 c, MAP, diastolic 
blood pressure, UAER, eGFR, total cholesterol, AHT and smoking), π-GST was only signifi-
cantly associated with age and female gender (p  ≤  0.044) but not with renal function (p = 
0.27).

  α- and π-GST and Albuminuria Degree 
 Comparing patients with normo-, micro- and macroalbuminuria revealed similar levels 

of α-GST (p = 0.89; adjusted for age, gender and eGFR, p = 0.92) and π-GST (p = 0.10; adjusted 
p = 0.11). Normoalbuminuric patients compared with micro- and macroalbuminuric patients 
also had similar levels of both α- and π-GST (p  ≥  0.69; adjusted p  ≥  0.61). Excluding eGFR 
from the adjusted analyses did not change the results for α-GST and π-GST (adjusted p  ≥  
0.064).

 Table 1.  Baseline characteristics for patients according to albuminuria group and controls

Controls 
(n = 16)

Normo-
albuminuria 
(n = 57)

Micro-
albuminuria 
(n = 61)

Macro-
albuminuria 
(n = 71)

p value

Female, % 38 33 34 37 0.92
Age, years 40 ± 12 46 ± 16 58 ± 12 56 ± 10 <0.001
Diabetes duration, years N/A 10 (1 – 56) 35 (3 – 65) 37 (13 – 65) <0.001
Systolic blood pressure, mm Hg 127 ± 16 126 ± 11 133 ± 17 136 ± 19 0.004
Diastolic blood pressure, mm Hg 78 ± 12 76 ± 10 72 ± 11 74 ± 10 0.16
MAP, mm Hg 94 ± 13 93 ± 10 92 ± 11 94 ± 13 0.67
HbA1c, mmol/mol 35 ± 3 60 ± 14 65 ± 13 68 ± 14 0.003
Total cholesterol, mmol/l 5.1 ± 0.8 4.6 ± 0.8 4.7 ± 1.0 4.7 ± 1.1 0.61
eGFR, ml/min/1.73 m2 100 ± 19 102 ± 24 84 ± 27 69 ± 27 <0.001
UAER, mg/24 h 8 (2 – 21) 10 (4 – 44) 35 (4 – 450) 140 (4 – 4,029) <0.001
AHT, % 6 35 92 99 <0.001
Smoking, % 19 23 25 28 0.78
α-GST/creatinine ratio, μg/mmol 0.07 (0 – 0.3) 0.05 (0 – 0.6) 0.05 (0 – 2.3) 0.04 (0 – 0.6) 0.72
π-GST/creatinine ratio, μg/mmol 0.11 (0 – 0.8) 0.15 (0 – 3.4) 0.20 (0 – 3.7) 0.13 (0 – 4.9) 0.12

 Values are means ± SD or medians with ranges in parentheses unless indicated otherwise. p values are for ANOVA for all
4 groups except for diabetes duration and HbA1c where controls are left out.
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  Discussion 

 In this study including 189 patients with type 1 diabetes and 16 control subjects, we 
measured the urinary excretion of markers of proximal and distal tubular damage, α-GST and 
π-GST, to investigate their association with the presence of diabetes and levels of renal 
function and albuminuria.

  The results indicate that the α-GST/creatinine ratio was higher in females and tended to 
be positively associated with HbA 1c ; however, after being adjusted the correlations were no 
longer significant. In contrast, the adjusted π-GST/creatinine ratio remained positively asso-
ciated with age and female gender. However, no other associations with conventional cardio-
vascular and renal risk factors were revealed.

  α- and π-GST excretions were similar in patients with diabetes versus controls. 
Furthermore, levels were similar among normo-, micro- and macroalbuminuric patients. 

  These findings are in accordance with previous cohort studies that have shown that 
elevated π-GST seems to be superior to α-GST in the early detection of acute kidney injury in 
different acute clinical settings  [16–19] . Although DN is usually considered a glomerular 
disease characterized by elevated UAER, not only glomerular damage but also tubulointer-
stitial damage and inflammation are important factors in the pathophysiology of DN  [8, 20] . 
Recently, we have shown that the urinary tubulus markers neutrophil gelatinase-associated 
lipocalin and liver fatty acid-binding protein were increased with DN, even before the devel-
opment of micro- or macroalbuminuria in patients with type 1 diabetes  [9–11] . Therefore, 
new markers predicting and grading DN are necessary to precipitate early treatment and 
prevent disease progression.

  The literature on urinary GST markers in patients with diabetes is limited, especially in 
adult type 1 diabetic patients. Cawood et al.  [21]  reported that the proportion of patients with 
diabetes with abnormal results of π-GST increased across the normo-, micro- and macroalbu-
minuria groups. This is in accordance with our previous findings on markers of tubular 
damage in type 1 diabetes, but in contrast to the current GST findings. This was, however, in 
a cohort of primarily type 2 diabetic patients with a relatively short duration of diabetes.

  Conversely, in a study of children with type 1 diabetes, Holmquist and Torffvit  [22]  
discovered that α-GST and π-GST excretion rates were significantly lower among children 
with diabetes compared to controls. Moreover, in patients with diabetes, a lower α-GST 
excretion rate was associated with longer diabetes duration, poor metabolic control, lower 
GFR and higher UAER, whereas π-GST concentrations were not associated with renal param-
eters. In the setting of acute tubular damage, GST levels increase, hence it was speculated that 
the lower excretion rates of α-GST with a declining GFR could potentially be due to both 
proximal and distal tubular atrophy associated with chronic renal damage in patients with 
type 1 diabetes. This is, however, not supported by our findings and, furthermore, we were 
not able to replicate the previous associations between GSTs, HbA 1c  and UAER. Inhibition of 
the RAAS has improved the prognosis for DN and has been an important factor in decreasing 
the prevalence of ESRD  [23] . Intervention with RAAS blockers is known to reduce both blood 
pressure and albumin excretion, and the reduction in UAER is a predictor of reduced decline 
in kidney function  [24] . In our current study, 35% of the normoalbuminuric patients and 
more than 90% of patients with elevated UAER were on AHT, predominantly RAAS-blocking 
agents, which could interfere with the association between UAER and GST markers of tubular 
damage.

  It is likely that measurements of urinary α- and π-GST possess a higher diagnostic value 
in patients with acute renal injury, whereas the role in chronic conditions, including diabetes, 
is not clear. During tubular damage, the GST markers are released rapidly into the urine and 
due to their expression in distinct parts of the nephron, the urinary levels of the markers 
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allow for localization of the tubular injury  [13] . However, the findings in our study suggest 
that neither α- nor π-GST is associated with renal parameters, hence it seems unlikely for 
these biomarkers to contribute to the existing panel of urinary risk markers in DN.

  In conclusion, GST/creatinine ratios were similar in controls and patients with type 1 
diabetes and not related to the albuminuria degree. We did not find an association between 
GST/creatinine ratios and estimated renal function. However, the existing knowledge on α- 
and π-GST in diabetes is still limited and the significance of an increased or decreased urinary 
excretion of α- and π-GST needs further investigation. 
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