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Table 4:Multiple logistic regression models for the prediction of sepsis-associated acute kidney injury (AKI) in critically ill 
patients.

Simple model Biomarker model
ΟD

(95% CI)
p

Model 

performance

ΟD

(95% CI)
p

Model 

performance
APACHE 1.18

(1-1.3)

0.0386

0.009

AUC: 0.849

Accuracy: 

81.82%

1.36

(1-1.7)

0.012 AUC: 0.944

Accuracy: 

86.36%
S-Cr 43,87

(2.4-777.6)

271.47

(2.9-25268)

0.015

α1m 1.54

(1-2.2)

0.027

AKI: acute renal injury, OD: odds ratio, AUC: Area under the ROC curve, APACHE: APACHE II score on sepsis day, S-Cr: serum creatinine 
levels on sepsis day (mg/dl), α1m: 24-hour urine alpha1-microglobulin levels 24 hours before AKI development (mg/dl).

patients admitted to an ICU. We suggest that there are 
two results of relevance: the elevated levels of α1m in 
all septic patients and the progressive increase of α1m in 
patients who finally developed SAAKI.

Increased levels of urine α1m in sepsis 
There are only a few studies investigating the levels of 

urine α1m in septic critically ill patients4,21-23. Martersson 
et al, found a trend towards higher peak levels of urine 
α1m with increasing sepsis severity and the presence of 
AKI21. In addition, Magid et al reported an 8-98 fold rela-
tive increase in α1m/creatinine ratio among septic criti-
cally ill patients studied22. Τhe finding of the increased 
urine α1m levels far beyond normal values in all septic 
patients enrolled - even before SAAKI develops - could 
have a double explanation. First, since it is already estab-
lished that α1m is a renal tubular marker, the increased 
urine levels of the protein could mirror an early subclini-
cal renal proximal tubular dysfunction, which, however, 
does not reach the limit of ΑΚΙ, according to the current 
definitions. It has been suggested that sepsis can cause 
renal impairment that is not obvious by changes in creati-
nine clearance but documented by an early tubular pro-
teinuria24. A second explanation of the high urine α1m 
levels in all septic patients could be an increased produc-
tion of the protein during sepsis. This could result in in-
creased plasma levels, with overflow of the reabsorption 
capacity in tubular cells, leading to an increase in urine 
secretion, without however, the presence of any tubular 
dysfunction or renal damage. Unfortunately, overproduc-
tion of α1m during sepsis is difficult to be proved because 
the determination of the α1m concentration in human 
plasma or serum is complicated by the presence of differ-
ent forms of the protein, resulting in a widely variation of 
reports on normal blood α1m concentrations10. However, 
several studies have shown that α1m might be implicated 
in septic processes. A1m has a number of immunoregula-
tory properties such as inhibition of neutrophils’ oxida-
tive burst25 and inhibition of antigen-induced lymphocyte 
cell proliferation and cytokine secretion26-28. A1m acts as 
a reductase and a radical scavenger and protects against 

pathological oxidation of tissue components by binding 
and degradating heme and free radicals, and by enzymati-
cally reducing oxidants and oxidation products29-32. Most 
importantly α1m is implicated in the protection of the 
mitochondria against oxidative insult during cell death, 
assisting mitochondria to maintain their energy delivery 
during cell death and, at the same time, counteract and 
eliminate the reactive oxygen species (ROS) generated 
by the mitochondrial respiration in order to prevent oxi-
dative damage to surrounding healthy tissue32-33. These 
redox properties make α1m a novel and previously un-
known defense mechanism against pathologic oxidation, 
cell necrosis and apoptosis. 

Increased levels of α1m in SAAKI 
The second important finding in our study was the 

trend of urine α1m titers to increase in patients with de-
terioration and SAAKI development. According to ROC 
curve analysis, urine α1m levels presented a relatively 
limited diagnostic performance, as a sole biomarker, in 
predicting SAAKI. On the other hand, adding α1m data 
to other independent predictors of SAAKI improved sig-
nificantly their diagnostic ability. Many studies so far, ex-
amining other renal biomarkers, found good prognostic 
value of these biomarkers in predicting AKI, however, 
they failed to early detect AKI development in the course 
of a septic episode34-35. This shows that sepsis could prob-
ably modify the diagnostic ability of biomarkers in AKI. 
Even if, at the beginning of our study we assumed that 
SAAKI is primarily characterized by a tubular damage 
or dysfunction, SAAKI has proved to be a multi-pronged 
injury implicating mechanisms such as renal circulatory 
alterations, inflammation and oxidative stress injury, co-
agulation disturbances, endothelial cell dysfunction and 
apoptosis9,36. Thus, increased complexity of pathophysi-
ological mechanisms might limit the diagnostic value of 
single biomarkers. Moreover, another inherent limitation 
associated with ineffectiveness of novel biomarkers in 
predicting SAAKI, is the difficulty in selection and en-
rollment of critically ill patients without renal injury pre-
cipitating factors others than sepsis. Furthermore, unlike 


