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Abstract

interaction (RERI) was used.

hematuria, respectively.

Background: Proteinuria and hematuria are both important health issues; however, the nature of the association
between these findings and acute kidney injury (AKI) or mortality remains unresolved in critically ill patients.

Methods: Proteinuria and hematuria were measured by a dipstick test and scored using a scale ranging from a
negative result to 3+ in 1883 patients admitted to the intensive care unit. AKl was defined according to the Kidney
Disease: Improving Global Outcomes (KDIGO) guidelines. The odds ratios (ORs) for AKI and 3-year mortality were
calculated after adjustment for multiple covariates according to the degree of proteinuria or hematuria. For
evaluating the synergistic effect on mortality among proteinuria, hematuria, and AKI, the relative excess risk due to

Results: Proteinuria and hematuria increased the ORs for AKI: the ORs of proteinuria were 1.66 (+/-), 1.86 (1+), 2.18
(24), and 4.74 (34) compared with non-proteinuria; the ORs of hematuria were
2.52 (3+) compared with non-hematuria. The correlations between the mortality risk and proteinuria or hematuria
were all significant and graded (Ptrend < 0.001). There was a relative excess risk of mortality when both AKI and
proteinuria or hematuria were considered together: the synergy indexes were 1.30 and 1.23 for proteinuria and

Conclusions: Proteinuria and hematuria are associated with the risks of AKI and mortality in critically ill patients.
Additionally, these findings had a synergistic effect with AKI on mortality.
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131 (+/-), 1.58 (14), 263 (2+), and

Background

Acute kidney injury (AKI) is a major focus of study in
nephrology because AKI is related to an increase in
morbidity and mortality [1,2]. Although therapy for AKI
has improved in recent years, AKI is still highly preva-
lent, especially in critically ill patients in the intensive
care unit (ICU) [3]. AKI in the ICU has extremely high
mortality rates, reaching 80% [4]; this rate has remained
relatively unchanged despite improved therapies [5]. For
these reasons, the detection and management of factors
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related to AKI are important concerns for clinicians in
managing AKI patients.

Urinary abnormalities include proteinuria, hematuria,
oliguria, frequency, and polyuria. These features can be
encountered in various clinical settings; oliguria, one of
the possible findings, comprises 50% of AKI cases [6]
and is included in the criteria for defining AKI [7].
However, other urinary features such as proteinuria and
hematuria have not been thoroughly considered in con-
nection with AKI. Proteinuria and hematuria can be
easily screened by a dipstick test. These are increasingly
recognized as important markers of disease that carry
risks for end-stage renal disease [8]. Previous studies
have described the association between AKI and pro-
teinuria or hematuria in certain clinical settings, such as
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outpatient [9], cardiac surgery [10,11], burn [12], immuno-
globulin A nephropathy [13], and warfarin-induced ne-
phropathy [14]. However, these studies have not considered
proteinuria and hematuria together or the ICU patients
who have a high risk of AKI and mortality. The combined
study of proteinuria, hematuria, and AKI may be necessary
to improve the predictability of outcomes, but there are
also no studies that address this issue.

Herein, we aim to verify whether proteinuria or
hematuria increase the risks of AKI or mortality in a
large cohort of ICU patients. Furthermore, we examine
the synergistic effect of proteinuria, hematuria, and AKI
for predicting mortality.

Methods

Participants and data collection

The study protocol complies with the Declaration of
Helsinki and had ethics approval from the institutional
review board at the Seoul National University Bundang
Hospital (no. B-1304/200-108). A total of 2823 patients
were consecutively recruited from June 2004 through
June 2010, who were admitted to the ICU at the Seoul
National University Bundang Hospital, Gyeonggi-do,
Korea. The patients were followed up until June 30, 2010.
We excluded patients younger than 18 years old (n=49)
and patients previously diagnosed with end stage renal
disease on dialysis (n=94). The patients for whom data
were missing, including serum creatinine, urine output, or
dipstick test results, were also excluded (n=250). Lastly,
the patients with a daily urine output of less than 50 mL/
day or anuria were excluded (n = 23). If the patients were
admitted more than once to the ICU, only the first admis-
sion was counted as the single case. Consequently, 1883
patients were reviewed retrospectively using electronic
medical records. The need for informed consent was
waived because of non-interventional study design based
on routinely collected data.

Clinical parameters, such as age, sex, weight, systolic/
diastolic blood pressure, primary diagnosis, underlying
chronic kidney disease, diabetes mellitus, history of ma-
lignancy, the need for mechanical ventilation, and the
use of vasoactive drugs, were recorded. The primary
diagnoses included cardiovascular disease, sepsis, surgi-
cal admission, and others. The Acute Physiology and
Chronic Health Evaluation (APACHE) II score was used
to assess illness severity [15]. Changes in serum creatin-
ine and urine output after ICU admission were mea-
sured, and the urine output data were recorded hourly.
A dipstick test was used to score the degrees of protein-
uria and hematuria using a scale ranging from a negative
result to +3 using an automated urine chemistry
analyzer (CLINITEK Novus Analyzer, Siemens, Erlangen,
Germany). There were no missing data for any of the
variables.
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The risk of AKI was determined from admission to
15 days in the ICU. For the definition and staging of AKI,
both the serum creatinine and the urine output criteria
were used according to the guideline proposed by the
Kidney Disease: Improving Global Outcomes (KDIGO)
[7]. The 3-year mortality from all causes was also con-
sidered to be the primary outcome. The mortality data
were obtained from the national database of Statistics
Korea.

Statistical analysis

All of the analyses and calculations were performed
using STATA (STATA version 12.0, StataCorp LP, College
Station, Texas, USA). The data are presented as means +
standard deviation (SD) for continuous variables and as
proportions for categorical variables. Comparisons were
measured using the chi-squared test for categorical vari-
ables (e.g., AKI stages) among the proteinuria and
hematuria groups. Mortality curves were drawn using
the Kaplan-Meier method. A logistic regression analysis
was used to examine the risk of AKI or 3-year mortality
according to the presence of proteinuria or hematuria.
The effects of the logistic regression model are shown
as odds ratios (ORs) and 95% confidence intervals (ClIs).
For this analysis, ORs were adjusted for multiple covari-
ates, such as age, sex, body weight, primary diagnosis,
underlying chronic kidney disease, diabetes mellitus,
history of malignancy, the need for mechanical ventila-
tion, the use of vasoactive drugs, and APACHE II score.
To evaluate the synergistic effect on mortality of pro-
teinuria, hematuria, and AKI, the relative excess risk
due to interaction (RERI) was used [16]. The RERI is an
approach to estimate the additive interaction of two var-
iables on an odds ratio scale. From the RERI method,
we present three scales: RERI (part of the total effect
that is due to interaction), AP (proportion of the com-
bined effect that is due to interaction), and synergy
index (ratio between combined effect and individual ef-
fects). Positive results for RERI and AP and a value
greater than 1 for the synergy index means a positive
interaction or more than additivity between variables.
Additionally, the discrimination of predicting mortality
between AKI and proteinuria or hematuria was assessed
by calculating the receiver operating characteristic
(ROCQ) curve and the area under the curve (AUC). The
comparison of ROC curves was tested using a method
described by DeLong ER et al. [17]. A P value of less
than 0.05 was considered significant.

Results

Baseline characteristics

Among a total of 1883 subjects, the mean age was
68 years old (Table 1). All of the subjects were of Asian
descent. Most of the patients were admitted to the ICU
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Table 1 Baseline characteristics and laboratory findings
of the patients at the time of admission to the intensive
care unit

Total (n=1883)

Age (years) 67.8+1588
Male sex (%) 599
Body weight (kg) 580+1241
Primary diagnosis (%)

Cardiovascular disease 308

Sepsis 46

Surgical emergency 19

Others 62.8
Underlying chronic kidney disease (%) 8.7
Diabetes mellitus (%) 12.2
History of malignancy (%) 153
Need for mechanical ventilation (%) 69.6
Use of vasoactive drugs (%) 514
Systolic blood pressure (mmHg) 130.2 +31.52
Diastolic blood pressure (mmHg) 73.0+20.82
Serum creatinine (mg/dL)* 1.0 (0.8 to 1.5)
Proteinuria (%)

326

+/— 154

1+ 26.7

2+ 193

3+ 6.0
Hematuria (%)

22.5

+/— 129

1+ 125

2+ 19.3

3+ 328
APACHE I score 184 £8.04
Length of stay in hospital (days)* 22 (11 to 45)

*Data are expressed as the median (interquartile range (IQR)) when the
distribution of data was skewed.
APACHE, Acute Physiology and Chronic Health Evaluation.

because of medical problems (n = 1848) rather than sur-
gical problems (n=35). More specifically, 580 patients
(30.8%) were admitted to the ICU because of cardiovas-
cular disease. Sepsis was the cause of admission for 86
patients (4.6%). The proportion of subjects with trace
levels or higher for proteinuria was 67.4% and for
hematuria was 77.5%. The mean APACHE II score was
18.4. The median length of stay in the hospital was
22 days (IQR, 11 to 45 days). The study subjects were
followed for a median duration of 480 days (IQR, 37 to
1797 days).
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Risk of acute kidney injury according to proteinuria and
hematuria

A total of 78.7% of the subjects had AKI within 15 days
after admission to the ICU. 74.7% of total AKI cases
were determined at the time of ICU admission, and
other cases (25.3%) developed from 2 days to 15 days of
admission. Each AKI case was diagnosed by serum cre-
atinine criterion alone (68.1%), urine output criterion
alone (2.8%), or both (29.1%). The proportion in each
AKI stage was as follows: stage 1, 47.1%; stage 2, 29.7%;
and stage 3, 23.2%. Among stage 3 of AKI, 132 subjects
(38.4%) received renal replacement therapy. Table 2 shows
the risk of AKI according to the presence of proteinuria
and hematuria. The risk of AKI gradually increased from
the trace level of proteinuria. For hematuria, the risk of
AKI increased from the first positive level. The correla-
tions of AKI risk with proteinuria or hematuria remained
consistent, irrespective of adjustments made to multiple
variables. When patients with both proteinuria (trace or
more) and hematuria (1+ or more) (n=966) were com-
pared with patients without both markers (n=363), the
adjusted HR for AKI was 2.86 (2.102-3.901) (P <0.001).
After excluding the AKI cases with onset at day 0, protein-
uria and hematuria groups had greater AKI risks (with on-
set on day 1 to 15) compared with the groups without
proteinuria or hematuria as following adjusted HRs:
proteinuria [+/-, 1.69 (1.088-2.624) (P =0.020); 1+,
1.49 (1.003-2.212) (P =0.047); 2+, 1.58 (0.991-2.514)
(P =0.053); 3+, 2.53 (0.987-6.463) (P =0.052); Ptrend =
0.037]; hematuria [+/-, 1.02 (0.621-1.660) (P =0.951);
1+, 1.47 (0.901-2.409) (P=0.122); 2+, 2.10 (1.315—
3.356) (P=0.002); 3+, 1.65 (1.076-2.528) (P =0.022);
Ptrend = 0.010].

We further evaluated whether the correlations with
proteinuria or hematuria were significant when only one
of two criteria (serum creatinine criterion and urine out-
put criterion) was used for identifying AKI. Although
the AKI cases were divided by two criteria, proteinuria
had greater adjusted ORs for AKI compared with the
group without proteinuria as follows; by serum creatinine
criterion [+/-, 1.49 (1.054-2.115) (P=0.024); 1+, 1.67
(1.236-2.262) (P=0.001); 2+, 2.01 (1.417-2.860) (P<
0.001); 3+, 2.90 (1.534-5.479) (P = 0.001); Ptrend < 0.001];
by urine output criterion [+/-, 1.49 (1.028-2.145) (P =
0.035); 1+, 1.96 (1.437-2.667) (P < 0.001); 2+, 2.07 (1.481-
2.882) (P<0.001); 3+, 5.26 (3.310-8.355) (P<0.001);
Ptrend < 0.001]. When the patients were compared
among the hematuria and non-hematuria groups, the
associations with AKI were also significant according to
each criterion; by serum creatinine criterion [+/—, 1.32
(0.914-1.918) (P=0.137); 1+, 1.63 (1.105-2.403) (P=
0.014); 2+, 2.62 (1.808-3.784) (P<0.001); 3+, 2.29
(1.663-3.150) (P < 0.001); Ptrend < 0.001]; by urine out-
put criterion [+/-, 0.97 (0.639-1.478) (P =0.895); 1+,
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Table 2 Odds ratios for acute kidney injury according to proteinuria and hematuria

Univariate Multivariate*
OR (95% CI) P OR (95% CI) P
Proteinuria <0001 < 00017
-(n=614) 1 (Reference) 1 (Reference)
+/— (n=290) 1.99 (1426-2.777) < 0.001 1.66 (1.160-2.385) 0.006
1+ (n=503) 2.59 (1.938-3.468) < 0.001 1.86 (1.362-2.551) < 0001
24+ (n=363) 3.04 (2.166-4.278) < 0.001 218 (1.511-3.135) < 0.001
3+ (n=113) 6.53 (3.121-13.663) < 0.001 4.74 (2.199-10.221) < 0.001
Hematuria <0001 <0001"
- (Nn=423) 1 (Reference) 1 (Reference)
+/— (n=243) 1.25 (0.884-1.761) 0.208 1.31 (0.895-1.906) 0.167
1+ (n=236) 1.63 (1.132-2.341) 0.009 1.58 (1.063-2.349) 0.024
24+ (n=363) 2.83 (1.989-4.029) <0.001 2.63 (1.796-3.853) <0.001
3+ (n=618) 3.15 (2.315-4.273) <0.001 252 (1.808-3.523) <0.001

*Adjusted for age, sex, body weight, primary diagnosis, underlying chronic kidney disease, diabetes mellitus, history of malignancy, the need for mechanical
ventilation, the use of vasoactive drugs, and APACHE Il score.

*P for trend.

OR, odds ratio; Cl, confidence interval.

1.09 (0.717-1.641) (P=0.701); 2+, 1.18 (0.823-1.684) 1+, 1.54 (0.946-2.516) (P = 0.082); 2+, 1.78 (1.166-2.727)
(P =0.372); 3+, 1.82 (1.333-2.479) (P < 0.001)]. (P = 0.007); 3+, 2.59 (1.784—3.759) (P < 0.001)].
The AKI stages in each degree of proteinuria or

hematuria are shown in Figure 1. When compared with  Impact of proteinuria and hematuria on mortality

the group without proteinuria or hematuria, the Throughout the follow-up period, 1270 (67.4%) of all
groups with proteinuria or hematuria demonstrated ICU patients died, and the mortality rate was 69.9 deaths
significant differences in AKI stages; the presence of per 100000 patient-days. As shown in Table 3, the pres-
proteinuria or hematuria led to a tendency toward ence of proteinuria or hematuria worsened the mortality,
higher AKI stages than the absence of proteinuria or irrespective of the effects of covariates. Although the AKI
hematuria (all Ps <0.05). The worst case of AKI (stage  was further adjusted, the overall correlations between
III) developed more strongly in the groups with pro-  mortality and proteinuria or hematuria were significant
teinuria or hematuria with the following adjusted ORs  as follows: ORs (95% CI) in proteinuria groups vs. non-
(95% CI); proteinuria groups vs. non-proteinuria group  proteinuria group [+/—, 1.48 (1.054-2.066) (P = 0.023);
[+/-, 2.19 (1.423-3.364) (P<0.001); 1+, 2.75 (1.902— 1+, 1.71 (1.280-2.273) (P<0.001); 2+, 1.85 (1.347—
3.970) (P<0.001); 2+, 244 (1.637-3.629) (P <0.001); 3+, 2.540) (P<0.001); 3+, 1.66 (1.009-2.733) (P =0.046)];
648 (3.900-10.754) (P<0.001)]; hematuria groups vs. in the hematuria groups vs. non-hematuria group [+/-,
non-hematuria group [+/-, 1.42 (0.867-2.338) (P=0.162); 1.13 (0.773-1.652) (P =0.528); 1+, 1.27 (0.866-1.847)

* (A) * (8)

8

Percentage
Percentage

$ R ngvift': & G EXA T I Eogte®
Foehe o @ e o .0he o ee ] Feowis oo & Tl £ 95
v\"fs“’ﬁ"?}"g CFFT TG 25 ey CFFE oY ¢°¢a""=="=="§ v\°==“°=o"'°?:'@ S
() +/- 1+ 2+ 3+ (-) +- 1+ 2+ 3+

Degree of proteinuria Degree of hematuria

Figure 1 Proportions of acute kidney injury stages in each group: proteinuria (A) and hematuria (B).
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Table 3 Odds ratios for 3-year mortality according to proteinuria and hematuria
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Univariate Multivariate*
OR (95% CI) P OR (95% CI) P
Proteinuria <0001 < 00017
-(n=614) 1 (Reference) 1 (Reference)
+/— (n=290) 1.78 (1.340-2.364) < 0001 1.59 (1.140-2.213) 0.006
1+ (n=503) 2.23 (1.750-2.845) < 0.001 86 (1.403-2.472) < 0001
2+ (n=363) 249 (1.898-3.268) < 0.001 2.09 (1.524-2.854) < 0.001
3+ (n=113) 2.14 (1407-3.239) < 0.001 2.04 (1.239-3.343) 0.005
Hematuria <0001 <0001"
- (Nn=423) 1 (Reference) 1 (Reference)
+/— (n=243) 1.08 (0.785-1.477) 0.646 1.17 (0.808-1.703) 0401
1+ (n=236) 1.32 (0.955-1.814) 0.094 1.34 (0.921-1.944) 0126
24+ (n=363) 167 (1.257-2.227) < 0.001 1.55 (1.104-2.163) 0.011
3+ (n=618) 1.76 (1.370-2.268) < 0.001 1.65 (1.225-2.232) 0.001

*Adjusted for age, sex, body weight, primary diagnosis, underlying chronic kidney disease, diabetes mellitus, history of malignancy, the need for mechanical

ventilation, the use of vasoactive drugs, and APACHE Il score.
TP for trend.
OR, odds ratio; Cl, confidence interval.

(P=0.224); 2+, 1.36 (0.968-1.920) (P = 0.076); 3+, 1.46
(1.078-1.988) (P =0.015)]. The trends in the correla-
tions of mortality with proteinuria (Ptrend < 0.001) and
hematuria (Ptrend =0.010) were also significant after
further adjustment of AKI. When patients with both
proteinuria (trace or more) and hematuria (1+ or more)
were compared with patients without both markers,
the adjusted HR for mortality was 2.07 (1.545-2.772)
(P <0.001).

There was a trend of interaction between AKI and
proteinuria for mortality (P for interaction =0.089) or
between AKI and hematuria (P for interaction = 0.077).
We evaluated whether there was a synergistic effect for
mortality between AKI and proteinuria or hematuria
using the RERI method. Because the outcomes increased
above the level of non-proteinuria or trace levels of
hematuria, the subjects were divided into two groups
as follows: non-proteinuria vs. trace or more for pro-
teinuria; non-hematuria and trace vs. 1+ or more for
hematuria. Tables 4 and 5 show the RERI results be-
tween AKI and proteinuria or hematuria, respectively.

For both proteinuria and hematuria, the RERI and AP
scales were positive, and the synergy indexes were
greater than 1; this means there was a relative excess
risk of mortality when both AKI and proteinuria or
hematuria were considered together. The presence of
proteinuria or hematuria further separated the AKI-
considered survival curves of ICU patients (Figure 2).
There was no interaction for AKI or mortality between
proteinuria and hematuria (P = 0.962).

ROC curves for the prediction of acute kidney injury and
mortality

We evaluated the ROC curves in proteinuria and hematuria
for the prediction of AKI with following AUCs; proteinuria,
0.639 (0.609-0.669); hematuria, 0.630 (0.599-0.661);
and proteinuria + hematuria, 0.648 (0.618-0.678). All of
AUCs were significantly larger than the reference line
(all Ps<0.001). We further evaluated whether the pre-
dictability of mortality by AKI is improved by the add-
itional consideration of proteinuria and hematuria using
AUC comparisons. The AUC (95% CI) of the ROC

Table 4 Interaction between acute kidney injury and proteinuria on the risk of mortality

No proteinuria Proteinuria
N with/without OR (95% ClI) N with/without OR (95% ClI) OR for proteinuria within
outcome outcome strata of AKI status

No AKI 52/152 1 (Reference) 89/109 2.39 (1.566-3.637)* 2.39 (1.566-3.637)*

AKI 231/179 3.77 (2.604-5.464)* 736/335 642 (4.569-9.026)* 1.70 (1.347-2.151)*

OR for AKI within strata
of proteinuria status

3.77 (2.604-5.464)*

2.69 (1.977-3.663)*

Measure of interaction on additive scale: RERI (95% Cl) = 1.26 (-0.153-2.556); AP (95% Cl) = 0.20 (—0.230-0.356); Sl (95% Cl) = 1.30 (0.974-1.750).

*P<0.001.

OR, odds ratio; Cl, confidence interval; AKI, acute kidney injury; RERI, relative excess risk due to interaction; AP, attributable proportion; SI, synergy index.
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Table 5 Interaction between acute kidney injury and hematuria on the risk of mortality

No hematuria Hematuria
N with/without OR (95% CI) N with/without OR (95% CI) OR for proteinuria within
outcome outcome strata of AKI status

No AKI 65/144 1 (Reference) 76/117 144 (0.954-2.171) 144 (0.954-2.171)

AKI 278/179 344 (2430-4.872)" 689/335 456 (3.306-6.279)" 1.32 (1.054-1.665)*

OR for AKI within strata
of hematuria status

344 (2430-4.872)"

3.17 (2.306-4.347)"

Measure of interaction on additive scale: RERI (95% Cl) = 0.68 (—0.543-1.665); AP (95% Cl) =0.15 (—0.118-0.347); Sl (95% Cl) = 1.23 (0.864-1.853).

*P <0.05; TP <0.001.

OR, odds ratio; Cl, confidence interval; AKI, acute kidney injury; RERI, relative excess risk due to interaction; AP, attributable proportion; SI, synergy index.

curve for mortality was 0.605 (0.585-0.624) in the AKI
model. The AUCs (95% CI) for mortality in each pro-
teinuria and hematuria model were 0.597 (0.572-0.623)
and 0.565 (0.539-0.591), respectively. The AUCs for
mortality in the combined models of AKI and urine
findings were significantly higher than the AUC calcu-
lated using AKI only: AKI + proteinuria, 0.646 (0.620—
0.671) (P < 0.001); AKI + hematuria, 0.627 (0.602-0.653)
(P=0.011); and AKI + proteinuria + hematuria, 0.647
(0.621-0.673) (P < 0.001).

Discussion

The mortality among ICU patients is extremely high,
and AKI worsens this outcome. For predicting and man-
aging the mortality attributable to AKI, several markers
have been considered. Among them, proteinuria and
hematuria are easily examined by a simple dipstick test,
but these findings may be paradoxically overlooked des-
pite the inexpensive and easily accessible examination
and the intrinsic features of the test. The present study
first examines the correlation between AKI and protein-
uria or hematuria in ICU patients. Both proteinuria and
hematuria predicted the prevalence of AKI. This was
consistent regardless of whether AKI was defined by the
onset or the criteria. The severity of AKI generally de-
scribed by stages was higher in the high-degree of protein-
uria or hematuria group than in the low-degree group.
Both proteinuria and hematuria had a significant associ-
ation with mortality and additionally had a synergistic

effect with AKI. Lastly, the predictability of mortality in
the AKI model was improved by considering proteinuria,
hematuria, or both.

Proteinuria has been regarded as being important,
especially in the field of chronic kidney disease [18].
This is mainly because proteinuria has an impact on
mortality, with an effect on mortality similar to smok-
ing [19]. However, the relationship between protein-
uria and AKI is not fully established, especially in ICU
patients. Previous data on a large cohort of outpatients
showed an additive role of proteinuria in predicting
the risk of AKI admission [9], although the baseline
characteristics were relatively robust (AKI prevalence
< 1%). Other cohorts of patients with cardiac surgery
and burns, conditions that carry a high risk of AKI,
also supported the association between proteinuria and
AKI risk [10-12], although those studies did not cover
a heterogeneous population of critically ill patients.
The present study, which included a large cohort of critic-
ally ill patients, builds on the previous study results with
respect to the significant correlation between proteinuria
and the risk of AKI. Furthermore, it is intriguing that pro-
teinuria and AKI had a synergistic effect on mortality. This
means that the risk of mortality is greater than the simple
additive risk when AKI and proteinuria are considered
together.

Hematuria is an important pathologic finding and thus
is included in the criteria for chronic kidney disease [7].
However, its presence is not usually mentioned in large
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epidemiological studies when compared with proteinuria;
most studies in the field of AKI do not focus on the
role of hematuria. A few studies described hematuria-
associated AKI in certain clinical settings such as
immunoglobulin A nephropathy or warfarin-induced
nephropathy [13,14], but it is difficult to apply these
data directly to subjects with a high risk of AKI. For
the first time, the present study demonstrates the asso-
ciations of hematuria with both AKI and mortality in
ICU patients. The effect size of hematuria seemed to
be small compared with that of proteinuria, but the effects
of hematuria (1+ or more) on AKI and mortality were in-
dependent of proteinuria with the following adjusted ORs
in the hematuria group compared with the non-hematuria
group: AKI, 1.88 (1.476-2.386) (P < 0.001); mortality, 1.27
(1.031-1.555) (P =0.024). Furthermore, the predictability
of mortality in the AKI model was improved by the
addition of hematuria. Based on the present results,
further clinical and experimental studies are needed to
delineate the role of hematuria in AKI.

Proteinuria and hematuria may simply be markers of
underlying kidney disease or other organ status [18,20].
Precisely, urinary abnormalities are shown in more
than half of patients with acute tubular necrosis, which
is the most common cause of AKI in the ICU [21-23].
Accordingly, these findings may be associated with AKI
or mortality via acute tubular necrosis or other baseline
conditions. However, in the present study, the correla-
tions of proteinuria or hematuria with outcomes were
significant despite adjusting several baseline conditions.
Furthermore, both proteinuria and hematuria had an
association with the AKI cases with late onset. Investiga-
tions on the independent role of proteinuria or hematuria
in kidney damage and other types of organ damage are
ongoing. It is known that proteinuria induces signals for
tubulointerstitial inflammation and activates fibrogenic
pathways as a postulated mechanism of kidney damage
[24]. Proteinuria is also associated with endothelial dys-
function, which covers cardiovascular mortality [25].
Furthermore, other mechanisms affecting the overall
outcome of proteinuria may include an increased risk
of infection, thrombotic disease, or malnutrition [26],
although thorough investigations have not been con-
ducted. The subjects with hematuria are at risk of kid-
ney damage because hemoglobin, heme, iron, or other
molecules released from red blood cells are toxic to
the kidney tubular cells and thus induce inflammatory
cascades [27,28]. It is intriguing that the cessation of
hematuria is related to the recovery of kidney function
[13], although this is known only in immunoglobulin A
nephropathy, and there are no agents for this.

It is intriguing that hematuria was independently as-
sociated with high mortality risk in the ICU patients.
There are no observational studies or commentaries on
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the direct correlation between hematuria and mortality.
However, it is known that hematuria increases the risk
of AKI or end-stage renal disease development [22,29].
Based on the evidence, we could propose only the follow-
ing mechanism: hematuria is a marker of kidney injury
and thus has a relationship with mortality via progressed
(or severe) kidney damage.

Although our results are informative, this study has
some limitations. First, the ICU design of the study
limits the applicability of our conclusions to other set-
tings, despite the abundance and detail of the dataset.
Furthermore, like all observational studies, the present
study does not prove causality. Second, the measure-
ment of proteinuria and hematuria by the dipstick test
only is a limitation because of the relatively low precision
and thus misclassification bias. However, such a bias
would have supported the null hypothesis, so the true cor-
relations are most likely stronger than the present study
results. Furthermore, the dipstick test is an inexpensive
and more accessible examination compared with a quanti-
tative urine test, which has implications in clinical prac-
tice. Third, we did not separate preexisting proteinuria
and hematuria from newly discovered cases after admis-
sion because all the admissions to the ICU were not
scheduled. This issue is the same when most patients who
are admitted to the ICU do not have the baseline serum
creatinine required for defining AKI in principle. However,
this condition may better fit the real clinical practice. Fur-
ther studies addressing these limitations will be necessary
in the future.

Conclusions

Proteinuria and hematuria are both important pathologic
findings, but before the present study, we did not know
the relationship between these conditions and AKI or
mortality in critically ill patients. The present study cannot
determine whether reducing the amount of proteinuria or
hematuria decreases the risk of AKI or mortality in the
ICU subset. Furthermore, although the dipstick test has
the advantage of being inexpensive, the cost-effectiveness
of the dipstick test is not assured from the study results.
However, the present study will form the basis of later
studies to address these issues.

Competing interest
The authors declare that they have no competing interest.

Authors’ contributions

SSH designed the study, collected data, analyzed and interpreted the results,
and drafted the manuscript. SYA, JWR, and SHB collected data and analyzed
the results. HIC participated in acquisition of data and interpreting the
results. KYN and DWC designed the study and edited the manuscript. SK
conceived the study, analyzed the results, interpreted the data, and reviewed
the manuscript. All authors read and approved the final manuscript.



Han et al. BMC Nephrology 2014, 15:93
http://www.biomedcentral.com/1471-2369/15/93

Acknowledgement

This work was supported by a grant from the National Research Foundation
of Korea (No. 2013R1ATA1012689). A special acknowledgement is extended
to the Medical Research Collaborating Center of Seoul National University
Bundang Hospital for its time and commitment.

Author details

'Department of Internal Medicine, Seoul National University College of
Medicine, Seoul, Korea. *Department of Internal Medicine, Seoul National
University Bundang Hospital, Seongnam-si, Gyeonggi-do, Korea. *Department
of Internal Medicine, Hallym University College of Medicine, Chuncheon-si,
Gangwon-do, Korea. *Department of Biomedical Engineering, University of
Michigan, Ann Arbor, USA.

Received: 21 December 2013 Accepted: 23 May 2014
Published: 18 June 2014

References

1. Metnitz PG, Krenn CG, Steltzer H, Lang T, Ploder J, Lenz K, Le Gall JR, Druml
W: Effect of acute renal failure requiring renal replacement therapy on
outcome in critically ill patients. Crit Care Med 2002, 30(9):2051-2058.

2. Chertow GM, Burdick E, Honour M, Bonventre JV, Bates DW: Acute kidney
injury, mortality, length of stay, and costs in hospitalized patients. J Am
Soc Nephrol 2005, 16(11):3365-3370.

3. Clermont G, Acker CG, Angus DC, Sirio CA, Pinsky MR, Johnson JP: Renal
failure in the ICU: comparison of the impact of acute renal failure and
end-stage renal disease on ICU outcomes. Kidney Int 2002, 62(3):986-996.

4. Turney JH: Acute renal failure-a dangerous condition. JAMA 1996,
275(19):1516-1517.

5. Ympa YP, Sakr Y, Reinhart K, Vincent JL: Has mortality from acute renal
failure decreased? A systematic review of the literature. Am J Med 2005,
118(8):827-832.

6. Anderson RJ, Linas SL, Berns AS, Henrich WL, Miller TR, Gabow PA, Schrier
RW: Nonoliguric acute renal failure. N Engl J Med 1977, 296(20):1134-1138.

7. Disease Kidney: Improving Global Outcomes (KDIGO) Acute Kidney Injury
Work Group. KDIGO Clinical Practice Guideline for Acute Kidney Injury.
Kidney Int Suppl 2012, 2(1):1-138.

8. Levey AS, de Jong PE, Coresh J, El Nahas M, Astor BC, Matsushita K,
Gansevoort RT, Kasiske BL, Eckardt KU: The definition, classification, and
prognosis of chronic kidney disease: a KDIGO Controversies Conference
report. Kidney Int 2011, 80(1):17-28.

9. James MT, Hemmelgarn BR, Wiebe N, Pannu N, Manns BJ, Klarenbach SW,
Tonelli M: Glomerular filtration rate, proteinuria, and the incidence and
consequences of acute kidney injury: a cohort study. Lancet 2010,
376(9758):2096-2103.

10.  Huang TM, Wu VC, Young GH, Lin YF, Shiao CC, Wu PC, Li WY, Yu HY, Hu
FC, Lin JW, Chen YS, Lin YH, Wang SS, Hsu RB, Chang FC, Chou NK, Chu TS,
Yeh YC, Tsai PR, Huang JW, Lin SL, Chen YM, Ko WJ, Wu KD, National
Taiwan University Hospital Study Group of Acute Renal Failure:
Preoperative proteinuria predicts adverse renal outcomes after coronary
artery bypass grafting. J/ Am Soc Nephrol 2011, 22(1):156-163.

11. Coca SG, Jammalamadaka D, Sint K, Thiessen Philbrook H, Shlipak MG,
Zappitelli M, Devarajan P, Hashim S, Garg AX, Parikh CR: Preoperative
proteinuria predicts acute kidney injury in patients undergoing cardiac
surgery. J Thorac Cardiovasc Surg 2012, 143(2):495-502.

12. Hu JY, Meng XC, Han J, Xiang F, Fang YD, Wu J, Peng YZ, Wu YZ, Huang VS,
Luo QZ: Relation between proteinuria and acute kidney injury in patients
with severe burns. Crit Care 2012, 16(5):R172.

13.  Gutierrez E, Gonzalez E, Hernandez E, Morales E, Martinez MA, Usera G,
Praga M: Factors that determine an incomplete recovery of renal
function in macrohematuria-induced acute renal failure of IgA
nephropathy. Clin J Am Soc Nephrol 2007, 2(1):51-57.

4. Brodsky SV, Satoskar A, Chen J, Nadasdy G, Eagen JW, Hamirani M, Hebert L,
Calomeni E, Nadasdy T: Acute kidney injury during warfarin therapy
associated with obstructive tubular red blood cell casts: a report of 9
cases. Am J Kidney Dis 2009, 54(6):1121-1126.

15. Knaus WA, Draper EA, Wagner DP, Zimmerman JE: APACHE II: a severity of
disease classification system. Crit Care Med 1985, 13(10):818-829.

16. Richardson DB, Kaufman JS: Estimation of the relative excess risk due to
interaction and associated confidence bounds. Am J Epidemiol 2009,
169(6):756-760.

Page 8 of 8

17. Delong ER, DelLong DM, Clarke-Pearson DL: Comparing the areas under
two or more correlated receiver operating characteristic curves: a
nonparametric approach. Biometrics 1988, 44(3).837-845.

18.  Kidney Disease, Improving Global Outcomes (KDIGO) CKD Work Group:
KDIGO 2012 Clinical Practice Guideline for the Evaluation and
Management of Chronic Kidney Disease. Kidney Int Suppl 2013, 3(1):1-150.

19. Wen CP, Cheng TY, Tsai MK, Chang YC, Chan HT, Tsai SP, Chiang PH, Hsu
CC, Sung PK, Hsu YH, Wen SF: All-cause mortality attributable to chronic
kidney disease: a prospective cohort study based on 462 293 adults in
Taiwan. Lancet 2008, 371(9631):2173-2182.

20. Mercado N, Brugts JJ, Ix JH, Shlipak MG, Dixon SR, Gersh BJ, Lemos PA,
Guarneri M, Teirstein PS, Wijns W, Serruys PW, Boersma E, O'Neill WW:
Usefulness of proteinuria as a prognostic marker of mortality and
cardiovascular events among patients undergoing percutaneous
coronary intervention (data from the Evaluation of Oral Xemilofiban in
Controlling Thrombotic Events [EXCITE] trial). Am J Cardiol 2008,
102(9):1151-1155.

21, Prakash J, Gupta A, Kumar O, Rout SB, Malhotra V, Srivastava PK: Acute renal
failure in falciparum malaria-increasing prevalence in some areas of
India-a need for awareness. Nephrol Dial Transplant 1996,
11(12):2414-2416.

22. Moreno JA, Martin-Cleary C, Gutiérrez E, Toldos O, Blanco-Colio LM, Praga
M, Ortiz A, Egido J: AKI associated with macroscopic glomerular
hematuria: clinical and pathophysiologic consequences. Clin J Am Soc
Nephrol 2012, 7(1):175-184.

23, Santos WJ, Zanetta DM, Pires AC, Lobo SM, Lima EQ, Burdmann EA: Patients
with ischaemic, mixed and nephrotoxic acute tubular necrosis in the
intensive care unit—a homogeneous population? Crit Care 2006,
10(2):R68.

24, Abbate M, Zoja C, Remuzzi G: How does proteinuria cause progressive
renal damage? J Am Soc Nephrol 2006, 17(11):2974-2984.

25.  Stehouwer CD, Nauta JJ, Zeldenrust GC, Hackeng WH, Donker AJ, den
Ottolander GJ: Urinary albumin excretion, cardiovascular disease, and
endothelial dysfunction in non-insulin-dependent diabetes mellitus.
Lancet 1992, 340(8815):319-323.

26. Praga M, Borstein B, Andres A, Arenas J, Oliet A, Montoyo C, Ruilope LM,
Rodicio JL: Nephrotic proteinuria without hypoalbuminemia: clinical
characteristics and response to angiotensin-converting enzyme
inhibition. Am J Kidney Dis 1991, 17(3):330-338.

27. Patel RP, Svistunenko DA, Darley-Usmar VM, Symons MC, Wilson MT: Redox
cycling of human methaemoglobin by H202 yields persistent ferryl iron
and protein based radicals. Free radic Res 1996, 25(2):117-123.

28, Witting PK, Mauk AG: Reaction of human myoglobin and H202. Electron
transfer between tyrosine 103 phenoxyl radical and cysteine 110 yields
a protein-thiyl radical. J Biol Chem 2001, 276(19):16540-16547.

29. Vivante A, Afek A, Frenkel-Nir Y, Tzur D, Farfel A, Golan E, Chaiter Y, Shohat
T, Skorecki K, Calderon-Margalit R: Persistent asymptomatic isolated
microscopic hematuria in Israeli adolescents and young adults and risk
for end-stage renal disease. JAMA 2011, 306(7):729-736.

doi:10.1186/1471-2369-15-93

Cite this article as: Han et al.: Proteinuria and hematuria are associated
with acute kidney injury and mortality in critically ill patients: a
retrospective observational study. BMC Nephrology 2014 15:93.

( R

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVed Central

. J




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Participants and data collection
	Statistical analysis

	Results
	Baseline characteristics
	Risk of acute kidney injury according to proteinuria and hematuria
	Impact of proteinuria and hematuria on mortality
	ROC curves for the prediction of acute kidney injury and mortality

	Discussion
	Conclusions
	Competing interest
	Authors’ contributions
	Acknowledgement
	Author details
	References

