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Introduction

Diabetic nephropathy is characterised structurally by
glomerular lesions and changes to the tubulo-interstitial
compartment of the kidney, and functionally by increasing
severity of microalbuminuria and altered glomerular
filtration rate, the latter usually assessed in the laboratory 
by measurements of serum or plasma creatinine
concentrations.1–3 Furthermore, end-stage renal disease
(ESRD) in diabetics is increasing and now accounts for
around 40% of treated ESRD by either transplantation or
dialysis.4 Although incipient diabetic kidney disease is
usually characterised functionally by the presence of
microalbuminuria, serum creatinine is of limited value in the
early detection of renal insult due to its poor sensitivity to
early nephron insult and dysfunction.5 The serum
concentration of cystatin C, a non-glycosylated protease
inhibitor, has been suggested as a more clinically appropriate
endogenous marker of renal glomerular dysfunction in
general6–9 and type 2 diabetes in particular.10

Deceased renal tubular reabsorption capacity is
characterised by elevated low molecular weight protein
levels in the urine, such as α1-microglobulin and 
β2-microglobulin, and early renal tubular insult by increased
proximal tubular enzymuria.11–14 In this regard, elevated
NAG enzymuria (the urine excretion of N-acetyl-
β-D-glucosaminidase) has been used to indicate the early
onset of renal insult in several clinical states in general 
(e.g., drug-induced nephrotoxicity, and the diabetic state
in particular).12,15 In addition, cystatin C in combination with 
β2-microglobulin16 and α1-microglobulin17 have both been
suggested as markers of early diabetic nephropathy. 

Consequently, the aim of this study is to investigate the
association between serum cystatin C, NAG enzymuria, 
α1-microglobulin and β2-microglobulin excretion in a cohort
of type 2 diabetics.

Materials and methods

Type 2 diabetic subjects (n=40; males [n=20], females [n=20])
were recruited from the diabetic clinic. Exclusion criteria
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Diabetic subjects were separated into two groups based 
on albumin:creatinine concentration ratio. Group A: 
<3.5 (mg/mmol creatinine), group B: 3.5–35 (mg/mmol
creatinine). While serum creatinine concentrations
remained within the laboratory reference range for all
groups, serum cystatin C concentration (mg/L) was
significantly increased in group B (1.79 ± 0.42 [mean ± SD]
compared to both control [0.81±0.10] and group A values
[0.95 ± 0.10]; both P<0.001). NAG enzymuria (units/mmol
creatinine) was increased in both diabetic groups
compared to control values (group B: 122±7, group A:
70±5, controls 27±2, all P<0.001). α1-microglobulin
(µg/mmol creatinine) concentrations, similar in both the
control group and group A diabetics at 1.10±0.10 and
1.11±0.21, respectively, were significantly elevated in
group B at 2.10±0.41 (both P<0.01). Similarly, elevated 
β2-MG (µg/mmol creatinine) levels were also observed in
group B compared to both group A and control values
(3.20±0.21 vs. 1.80±0.51 and 0.91±0.11, respectively; both
P<0.001). In addition, group B levels were significantly
higher than group A (P<0.001). These observations
suggest that serum cystatin C is a more appropriate and
effective biomarker for the overall estimation of GFR 
than serum creatinine values. In addition, increased serum
cystatin C values were also associated with early renal
tubular insult in subjects with type 2 diabetes, as
characterised by increased NAG enzymuria, α1- and 
β2-microglobulin excretion. 
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were observed in group B compared to values from the
control group and group A (both P<0.001), and group B
values were higher than group A values (P<0.01). However,
serum creatinine concentration remained within the
laboratory reference range for all groups (<110 µmol/L). 

NAG enzymuria was elevated two-fold in group A and
four-fold in group B diabetic groups compared to the non-
diabetic control group values (both P<0.001 compared to
control group values and P<0.001 group A vs. group B)
(Table 1). Interestingly, NAG enzymuria was elevated in
group A subjects in the absence of any increase in serum
cystatin C concentrations. Urinary concentrations of α1-MG
were also significantly elevated in group B compared to
group A and control group values (both P<0.001), whereas
β2-MG concentrations in both diabetic groups were
significantly elevated compared to control values (both
P<0.01). In addition, urine β2-MG concentrations were
significantly higher in group B when compared to group A
values (P<0.01).

Discussion

The pathophysiological processes underlying the increased
microalbuminuria in diabetes mellitus are related to
haemodynamic alterations, structural, functional and
biochemical changes observed in the glomerular basement
membrane and mesangium of the glomerulus.1–3 The results
of the present study demonstrate that elevated serum
cystatin C and albumin:creatinine ratio (microalbuminuria)
were present in the absence of any changes in serum
creatinine concentration, an insensitive measure of renal
glomerular function, in a cohort of type 2 diabetics. As it has
been proposed that ≥50% of nephrons must cease to
function before alterations in serum creatinine
concentrations and GFR occur,5 the observation of reference
range serum creatinine concentrations in the presence of
elevated microalbuminuria and cystatin C suggests that
serum creatinine is of limited value in the early detection of
renal dysfunction in diabetes mellitus, similar to results of
previous studies.10,22 Consequently, the results of the present
study are consistent with other studies which suggest that
serum cystatin C is a more appropriate and sensitive marker
of glomerular function in diabetes.5, 13, 22, 23
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included those patients presenting with proteinuria,
hypertension, antihypertensive treatments, dyslipidaemia
or cardiovascular disease. The age range of diabetics was
25–65 and the duration of diabetes was eight to 10 years. The
control group consisted of healthy non-diabetic individuals
and was gender- and age-matched to allow appropriate
comparisons to be made. 

Fasting blood samples and mid-stream specimens of urine
(MSSU) were collected and glycated haemoglobin (HbA1c),
serum creatinine, cystatin C, urine creatinine and
microalbuminuria, urine N-acetyl-β-D-glucosaminidase
activity (NAG enzymuria), α1-microglobulin (α1-MG) and
β2-microglobulin (β2–MG) were measured. Serum and urine
creatinine concentrations were measured using standard
laboratory methods, cystatin C was quantitated using a
commercial kit (Dako, UK), based on a turbidometric
immunoassay,18 NAG enzymuria was measured by a
colorimetric method,19 and α1-MG and β2-MG were measured
using commercial kits (Boehringer Mannheim/Roche
Diagnostics, Germany and Roche Diagnostics, Germany,
respectively), based on turbidometric assays.20,21 HbA1c and
microalbuminuria were quantitated by turbidometric
inhibition immunoassay and immunoturbidometric assays,
respectively, using commercial kits provided by Boehringer
Mannheim/Roche Diagnostics. 

Diabetics were separated into two groups depending on
their albumin:creatinine concentration ratio: group A <3.5
(mg/mmol creatinine), group B 3.5–35 (mg/mmol creatinine).
Results, expressed as mean (SD), were analysed using one-
way analysis of variance (one-way ANOVA), followed by the
Bonferroni’s multiple comparison test. P<0.05 was
considered significant.

Results

Mean HbA1c values were significantly increased in the
diabetic groups compared to control group values (both
P<0.001) and also varied as the magnitude of
microalbuminuria increased. Group B (3.5–35 mg
albumin/mmol creatinine) HbA1c values were significantly
greater than those in group A (P<0.001), which in turn were
significantly different from the control group values
(P<0.001) (Table 1). Elevated serum cystatin C concentrations

Control group Group A Group B
(CG, n=20) (GA, n=20) (GB, n=20)

Microalbuminuria (mg/mmol urinary creatinine) <3.5 3.5–35

Disease duration (years) – 8.5±0.8 9.2±0.7

HbA1c (%) 5.2±0.4 6.9±0.8†,‡ 8.7±0.5†

Serum cystatin C (mg/L) 0.81±0.10 0.95±0.10§ 1.79±0.42†

NAG enzymuria (U/mmol creatinine) 27±2 70±5†,‡ 122±7†

α1-microglobulinuria (g/mmol creatinine) 1.10±0.10 1.11±0.21‡ 2.10±0.41†

β2-microglobulinuria (µg/mmol creatinine) 0.91±0.11 1.80±0.51*,‡ 3.2±0.21†

Results, expressed as mean (SD), were analysed using one-way analysis of variance (one-way ANOVA), 
followed by the Bonferroni’s multiple comparison test.

CG vs. GA or GC vs. GB: *P<0.01, †P<0.001. 

GA vs. GB: ‡P<0.01, §P<0.001. 

Table 1. Glomerular and tubular function in type 2 diabetic subjects with and without significant microalbuminuria.



Although it has been suggested that proteinuria itself
might cause renal tubular cell injury, the site of the injury is
unknown. The specific low molecular weight proteins 
α1- and β2-MG have been used widely in renal toxicology
and nephrotoxicity studies as an estimate of proximal renal
tubular protein absorption, and increased values have been
shown to reflect both early renal damage and site-specific
insult in the kidney.11,12,21 The present study demonstrates
elevated excretion of both these low molecular proteins
associated with microalbuminuria, which is consistent with
increased glomerular permeability and renal tubular
dysfunction. 

The elevated NAG enzymuria observed in the present
study is also consistent with renal proximal tubular insult
and with the results of previous studies.11,12,13,19 It has been
proposed that increased NAG enzymuria reflects lysosomal
proliferation associated with an autophagic response to
cellular insult in the renal proximal tubules, in this case in
type 2 diabetics. Furthermore, the patterns of excretion of
NAG and β2-MG were similar and both were elevated above
control values before those of microalbumin, α1-MG or
cystatin C, suggesting their use as sensitive markers of renal
tubular insult predating glomerular dysfunction in type 2
diabetes.

In conclusion, these observation suggest that serum
cystatin C is a more appropriate and effective biomarker
than serum creatinine for overall estimation of GFR.
However, early renal tubular insult characterised by
increased small molecular weight proteinuria and NAG
enzymuria are early manifestations of renal insult in type 2
diabetics, and in the present study these predated alterations
in cystatin C and serum creatinine. 5
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