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Low or high counts of white blood cells (WBCs) and WBC subtypes can be a predictor of morbidity and
mortality in several clinical settings. However, the correlations of WBC and its subtypes with acute kidney
injury (AKI) and mortality remain unresolved in critically ill patients. The counts of WBC and subtypes, such
as neutrophil, lymphocyte, monocyte, and eosinophil, were measured in 2,079 patients admitted to the
intensive care unit (ICU) from June 2004 through June 2010. The non-linear relationship between WBC
counts and AKI risk was initially explored by a restricted cubic spline analysis. The odds ratios (ORs) for
AKI and 1-year mortality were calculated after adjustment for multiple covariates. The relationship between
WBC counts and AKI risk was U-shaped. Accordingly, we divided patients into quintiles according to the
counts of WBC or subtypes. The 1% and 5" quintiles of WBC counts had greater ORs for AKI (1.42 and
2.05, respectively) and mortality (1.40 and 1.36, respectively) compared with the 3™ quintile. After
stratification by WBC subtype, the 5" quintile of neutrophil counts and the 1% quintiles of lymphocyte and
monocyte counts tended to have higher ORs for AKI (1.69, 1.40, and 1.77, respectively). For mortality, the
1°' quintiles of neutrophil, lymphocyte, and eosinophil counts were associated with higher mortality
compared with the 3™ quintile (the ORs were 1.48, 1.57, and 1.42, respectively). Both leukopenia and
leukocytosis are associated with AKI and mortality risk in critically ill patients. This result may be

attributable to the change in the subtype counts.
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Introduction

Acute kidney injury (AKI) is a major health concern
because it is associated with substantial morbidity and mor-
tality (Chertow et al. 2005; Ishani et al. 2009). However,
despite improvements in therapy, AKI remains highly prev-
alent, especially in critically ill patients in the intensive care
unit (ICU) (Clermont et al. 2002). AKI in the ICU has a
high mortality rate that reaches 80% (Turney 1996). This
rate has remained relatively unchanged despite improved
therapies (Ympa et al. 2005). For these reasons, it is clini-
cians’ essential responsibility to monitor and diminish the
factors contributing to AKI.

Each white blood cell (WBC) subtype, including neu-
trophils, lymphocytes, monocytes, and eosinophils, has a
discrete role in inflammation, host defense, and repair.
Previously, counts of WBC and its subtypes have been doc-
umented to be a predictor of morbidity and mortality in
several clinical settings (Knaus et al. 1985; Felmet et al.
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2005; Abidi et al. 2011; Merino et al. 2012). These compo-
nents are one of the immunologic factors that play a pivotal
role in most processes of organ damage (Deitch 1992).
This role can apply to the issue of kidney damage. It is
known that alteration of WBC counts is associated with the
risk of long-term kidney outcomes, such as chronic kidney
disease and end-stage renal disease (Erlinger et al. 2003;
Keane et al. 2003; Fried et al. 2004). The risk of AKI may
also be graded based on the WBC count (Bagshaw et al.
2008). However, each role of WBC and WBC subtypes in
AKI is not fully established in a clinical setting, although
major advances are ongoing in the experimental research
(Burne et al. 2001; Praga and Gonzalez 2010). Above all, it
is unknown whether counts of WBC and its subtypes pre-
dict AKI in high-risk patients who are admitted to the ICU.
Testing for WBC and subtype counts has the advantages of
simplicity, inexpensiveness, and wide availability. These
aspects lead to clinical significance that may be comparable
with that of other immunologic markers, such as cytokines
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and chemokines. Furthermore, the explanation of the cor-
relation between AKI and other immunologic markers will
be limited before correlations with WBC and its subtypes
are established. Herein, we aimed to verify the predictive
value of WBC and WBC subtype counts on AKI and mor-
tality in a large cohort of ICU patients.

Methods

Patients and data collection

The institutional review board of Seoul National University
Bundang Hospital approved the study (no. B-1304/200-109). A total
of 2,823 patients were admitted from June 2004 through June 2010 to
the ICU at Seoul National University Bundang Hospital,
Gyeonggi-do, Korea. The patients were followed up until June 30,
2013. We excluded patients younger than 18 years old (n = 49) and
patients previously diagnosed with end-stage renal disease who were
on dialysis (n = 94). Patients for whom data, such as serum creatinine
levels or urine output, were missing were also excluded (n = 9).
Lastly, patients with hematologic malignancy were excluded (n = 64).
If patients were admitted more than once to the ICU, only the first
admission was counted as a single case. Consequently, 2,079 cases
were reviewed retrospectively using electronic medical records.

Clinical parameters, such as age, sex, weight, systolic/diastolic
blood pressure, primary diagnosis, underlying chronic kidney disease,
history of malignancy, the need for mechanical ventilation, and the
use of vasoactive drugs, were recorded. Chronic kidney disease was
diagnosed as either kidney damage or glomerular filtration rate of less
than 60 ml/min/1.73 m* for 3 months before the admission to the
ICU. The primary diagnosis was categorized as cardiovascular dis-
ease, sepsis, surgical admission, and others. The Acute Physiology
and Chronic Health Evaluation (APACHE) II score was used to
assess illness severity (Knaus et al. 1985). Changes in serum creati-
nine levels and urine output were measured after ICU admission, and
the urine output data were recorded hourly. The counts of WBCs and
WBC subtypes, such as neutrophils, lymphocytes, monocytes, and
eosinophils, were measured using an automated hematology analyzer
(XE-2100, Sysmex, Kobe, Japan). There were no missing data for
any of the variables.

The risk of AKI was determined from admission to 15 days in
the ICU. For the definition and staging of AKI, both the serum creati-
nine concentration and the urine output criteria that were used
adhered to the guidelines proposed by Kidney Disease: Improving
Global Outcomes (KDIGO) ((KDIGO) acute kidney injury work
group 2012). The 1-year mortality from all causes was considered as
the primary outcome. 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 the means + standard deviation (s.p.)
for continuous variables and as proportions for categorical variables.
Based on variable distributions using histograms, the variables with a
non-normal distribution are expressed as the median [interquartile
range (IQR)]. The chi-squared test was used to compare the categori-
cal variables. Comparisons between normally distributed continuous
variables were made using an analysis of variance (ANOVA) or a
post-hoc analysis of least significant difference (LSD) according to
the number of comparison groups. Comparisons between non-nor-

mally distributed continuous variables were measured by either the
Kruskal-Wallis test or the Mann-Whitney U test, depending on the
number of comparison groups. The dose-response relationship (in
particular, the non-linear relationship) between WBC counts and AKI
risk was initially explored by a restricted cubic spline analysis
(Desquilbet and Mariotti 2010), and there was a U-shaped relation-
ship between these variables. Due to the non-linear relationship, we
divided the patients into quintile groups according to the counts of
WBC or its subtypes. Next, the odds ratios (ORs) and 95% confi-
dence intervals (CIs) for AKI and 1-year mortality were calculated
using the logistic regression model after stepwise adjustment for mul-
tiple confounders. A P value of less than 0.05 was considered signifi-
cant.

Results

Baseline characteristics

The baseline characteristics of patients are shown and
compared among the quintiles of WBC counts (Table 1).
For the 2,079 subjects, the mean age was 68 years old. All
of the subjects were of Asian descent. Most of the patients
were admitted to the ICU because of medical problems (n =
2,033) rather than surgical problems (n = 46). More specifi-
cally, 649 patients (31.2%) were admitted to the ICU
because of cardiovascular disease. Sepsis was the cause of
admission for 95 patients (4.6%). The median counts of
WBC and its subtypes were as follows: WBCs, 11,350/uL;
neutrophils, 9,229/uL; lymphocytes, 1,025/uL; monocytes,
400/uL; and eosinophils, 61/uL. 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 543 days
(IQR, 39 to 1,762 days).

The 5™ quintile patients were more likely to be
younger, overweight, and septic; to receive a vasoactive
drug; and to have a high serum creatinine level or a high
APACHE 1I score compared with the 3" quintile. The 1*
quintile patients had a greater tendency to be female, septic,
and hypotensive; to have a history of malignancy; and to
receive mechanical ventilation compared with the 3™ quin-
tile.

Risk of AKI according to WBC and WBC subtype counts

A total of 76.8% of the subjects had AKI within 15
days after admission to the ICU. The proportion in each
AKI stage among the AKI cases was as follows: stage 1,
47.6%; stage 2, 28.5%; and stage 3, 23.9%. Among the
patients with stage 3 AKI, 157 subjects (41.1%) received
renal replacement therapy. Fig. 1 shows the relationship
between WBC counts and the predicted probability of AKI.
The relationship between WBC counts and AKI risk
appeared to be U-shaped. When adjustments for multiple
covariates were performed, the relationship between WBC
counts and ORs for AKI was also U-shaped (Fig. 2). Based
on the above observations, we divided patients into quintile
groups according to WBC counts and assigned a reference
to the 3™ quintile throughout all analyses. Table 2 shows
the risk of AKI according to the quintile groups of WBC
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Table 1. Baseline characteristics and laboratory findings of the patients at the time of admission to the intensive care unit.
WBC quintiles Total
Ql (1=415)  Q2(n=416) Q3 (n=416) Q4 (n=416) Q5 (n=416) (n=2,079)

Age (years) 68.6 £ 14.79 67.5+15.43 69.1 £15.68 66.7£17.31* 66.8 £ 16.02* 67.7+15.88
Male sex (%) 54.2% 60.8 61.5 58.7 62.3 59.5
Body weight (kg)* 573+ 11.84 59.2 £ 11.72% 57.4+12.29 583+13.93 59.3 £ 12.63* 58.3+12.52
Primary diagnosisT

CVD (%) 26.7" 35.1 36.5 322 25.5% 31.2

Sepsis (%) 6.3 2.4 3.4 4.1 6.7 4.6

Surgical emergency (%) 1.9 2.9 2.9 1.0 2.4 62.0

Others (%) 65.1 59.6 57.2 62.7 65.4 22
Underlying CKD (%) 12.5 6.0 8.9 6.5 11.5 9.1
History of malignancy (%)t 19.3* 12.3 13.0 12.3 17.5 14.9
Need for MV (%) 62.27 62.07 70.9 70.7 73.8 67.9
Use of vasoactive drugs (%)1 47.2 42.5% 50.2 47.1 61.5t 49.7
SBP (mmHg)} 127.2 +£30.19+ 131.4+31.13 134.2+£31.92 130.9 £ 31.36 124.9 +30.01% 129.7 +31.08
DBP (mmHg)i 71.4+20.19% 74.5 £ 19.05 74.9 +£20.56 73.4+21.39 69.5 +£20.14% 72.7+20.36
Serum creatinine (mg/dL)"} 1.0 (0.8-1.6) 1.0 (0.8-1.3) 1.0 (0.8-1.4) 1.0 (0.8-1.4) 1.2 (0.9-1.9)% 1.0 (0.8-1.5)
Total WBC count (/uL)" 5,600 8,845 11,350 14,530 20,330 11,350

(3,930-6,600);  (8,160-9,440)}

WBC subtype counts

Neutrophil (/uL)*f 3,989 7,003
(2,616-5,338)%  (6,062-8,054)%
Lymphocyte (/uL)"} 708 994
(386-1,317)% (621-1,748)
Monocyte (/uL)"% 221 (102-374)f 352 (225-479)%
Eosinophil (/uL)*f 41 (15-104)% 76 (29-153)
APACHE 1I score} 17.8 +8.50 16.4 +7.707
LOS in hospital (days)* 20 (10-43) 23 (12-46)

(10,730-12,060) (13,660-15,580); (18,780-25,230)}

(8,170-15,580)

9,383 12,371 18,037 9,229
(8,306-10,434)  (11,086-13,672)1 (15,706-21,339)} (6,039-13,120 )
1,044 1,120 1,226 1,025
(699-1,653) (684-1,747) (753-1,924)* (618-1,667)
399 (268-587) 505 (341-771)f 632 (390-969)F 400 (240-635)
63 (23-159) 56 (15-131) 74 (27-174) 61 (21-145)
17.9 +7.86 17.8+7.73 20.6 £8.41% 18.1+£8.16
21 (11-44) 21 (11-42) 20 (9-41) 21 (11 to 43)

Comparisons are evaluated using the chi-squared test for categorical variables, the ANOVA test for normally distributed continuous
variables (post hoc analysis of LSD between two groups), and the Kruskal-Wallis test for non-normally distributed continuous variables
(Mann-Whitney U test between two groups). The 3% quintile group of WBC counts is a reference for comparison between two groups.

*P <0.05; P <0.01; 1P <0.001.

aData are expressed as the median [interquartile range (IQR)] when the distribution of data was skewed.
WBC, white blood cell; CVD, cardiovascular disease; CKD, chronic kidney disease; MV, mechanical ventilation; SBP, systolic
blood pressure; DBP, diastolic blood pressure; APACHE, Acute Physiology and Chronic Health Evaluation; LOS, Length of stay.

counts. In a univariate analysis, the 5™ quintile group had a
greater OR for AKI than did the 3™ quintile. The 1% quintile
group had a higher tendency toward AKI than did the 3"
quintile, although the statistical significance was not evi-
dent. However, the AKI risk of the 1% quintile group was
significantly greater than that of the 2" quintile: OR (95%
CI), 1.41 (1.035 to 1.924); P = 0.030. After adjusting for
multiple variables, the 1** and the 5™ quintiles had greater
ORs for AKI compared with the 3™ quintile (all Ps < 0.05).
The risk of AKI was evaluated after stratification by
WBC subtype (Table 3), in which further adjustment for the
counts of subtypes other than the analyzed subtype was per-
formed. The relationship with AKI was different according
to subtype, as follows. Neutrophilia, but not neutropenia,
had a tendency toward AKI risk, whereas a reverse trend
was shown for lymphocytes and monocytes, although the
relationship with lymphocytes was not statistically signifi-

cant. Moreover, eosinophil counts did not correlate with
the risk of AKI.

Risk of mortality according to WBC and WBC subtype
counts

Throughout the follow-up period, 1,367 (65.8%) of all
ICU patients died, and the mortality rate was 67.4 deaths
per 100,000 patient-days. As shown in Fig. 3, the correla-
tion between WBC counts and mortality seemed to be
U-shaped. After adjustment for multiple confounders, both
leukopenia and leukocytosis seemed to have greater ORs
than did the mid-portion of the WBC range (Fig. 4).
Accordingly, we divided patients equally into quintiles to
perform the above analyses of AKI. Table 4 shows the risk
of 1-year mortality according to the WBC quintiles. In a
univariate analysis, the 1* and 5™ quintiles had an associa-
tion with a high risk of mortality. Most confounders did not
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Fig. 1. Non-linear relationship between WBC counts and the predicted probability of acute kidney injury.
The range area indicates 95% confidence intervals. A histogram of white blood cell counts is also shown.
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Fig. 2. Non-linear relationship between WBC counts and odds ratios for acute kidney injury after adjustment for multiple

confounders.
The range area indicates 95% confidence intervals.

hamper this correlation, although the impact of AKI was
relatively strong enough to decrease the correlation’s signif-
icance. We further evaluated the correlation with mortality
risk after stratification by WBC subtype (Table 5). The cor-
relation with mortality risk for neutrophil counts was differ-
ent from the correlation with AKI; neutropenia, but not
neutrophilia, had a tendency toward mortality risk. For

lymphocyte counts, the lowest quintile had a greater OR for
mortality compared with the 3" quintile, and the statistical
significance was evident. Monocyte counts did not have a
relationship with mortality risk. However, eosinophil
counts exhibited a significant trend, with eosinopenia pre-
dicting high mortality risk. For all of the above correlations
between WBC subtypes and mortality risk, the presence of
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Table 2. Odds ratios for acute kidney injury according to white blood cell counts.
Univariate Multivariate*
Quintiles WBC count (/uL)
OR (95% CI) P OR (95% CI) P
* <17,530 1.25(0.917-1.717) 0.157 1.42 (1.002-1.996) 0.048
ond 7,530-10,060 0.89 (0.658-1.201) 0.443 1.06 (0.761-1.472) 0.735
34 10,070-12,790 1 (Reference) 1 (Reference)
4® 12,800-16,890 1.26 (0.919-1.722) 0.151 1.32 (0.937-1.852) 0.113
5t >16,900 2.59 (1.804-3.705) <0.001 2.05(1.390-3.031) <0.001
Among the quintiles, the 3™ quintile was used as a reference for the logistic regression analyses.
*Adjusted for age, sex, body weight, primary diagnosis, underlying chronic kidney disease, history of malignancy, the
need for mechanical ventilation, the use of vasoactive drugs, and APACHE II score.
WBC, white blood cell; OR, odds ratio; CI, confidence interval.
Table 3. Logistic regression models for acute kidney injury according to white blood cell subtypes.
Neutrophil Lymphocyte Monocyte Eosinophil
Quintiles
OR (95% CI)* P OR (95% CI)* P OR (95% CID)* P OR (95% CI)* P
™ 0.99 (0.705-1.399)  0.971 1.40 (0.946-2.068) 0.093 1.77 (1.207-2.595)  0.003 1.13 (0.768-1.652)  0.542
2m 0.83 (0.590-1.156)  0.264 1.08 (0.756-1.538) 0.678 0.91 (0.651-1.267)  0.571 0.81 (0.566-1.164)  0.257
34 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
4 1.23 (0.865-1.745)  0.251 0.99 (0.703-1.398) 0.959 0.99 (0.705-1.380)  0.935 0.76 (0.539-1.084)  0.132
5t 1.69 (1.141-2.513)  0.009 0.75 (0.527-1.064) 0.106 1.13(0.784-1.617)  0.520 0.76 (0.527-1.087)  0.131

Among the quintiles, the 3 quintile was used as a reference for the logistic regression analyses.

*Adjusted for age, sex, body weight, primary diagnosis, underlying chronic kidney disease, history of malignancy, the need for
mechanical ventilation, the use of vasoactive drugs, APACHE II score, and the counts of subtypes other than the analyzed subtype.
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Table 4. Univariate and multivariate logistic regression analyses for overall 1-year mortality according to the quintile groups of

white blood cell.

Univariate Model 1* Model 2
Quintiles OR (95% CI) P OR (95% CI) P OR (95% CI) P
1 1.33 (1.012-1.749) 0.041 1.46 (1.077-1.985) 0.015 1.40 (1.025-1.912) 0.035
2n 0.92 (0.694-1.205) 0.527 1.15 (0.850-1.567) 0.360 1.15 (0.840-1.570) 0.387
31 1 (Reference) 1 (Reference) 1 (Reference)
4n 0.98 (0.745-1.291) 0.888 1.10 (0.812-1.492) 0.538 1.06 (0.776-1.443) 0.723
5t 1.61(1.221-2.112) 0.001 1.48 (1.087-2.009) 0.013 1.36 (0.992-1.852) 0.056

Among the quintiles, the 37 quintile was used as a reference for the logistic regression analyses.

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

TAdjusted for the covariates of model 1 plus acute kidney injury.

OR, odds ratio; CI, confidence interval.

AKI did not decrease the correlation significances.

Discussion

Mortality among ICU patients is extremely high, and
AKI worsens this outcome. To predict and manage the
mortality attributable to AKI, several markers have been
considered. Among these markers, counts of WBC and its
subtypes are easily accessible and widely examined, but
correlations with AKI and mortality have not been exten-
sively studied in the ICU setting. The present study first
examined the above issue in ICU patients. There was a
U-shaped relationship between WBC count and AKI risk.
Based on the results of WBC subtype counts, high AKI risk
in leukopenia may be attributable to both lymphopenia and
monocytopenia, whereas high AKI risk in leukocytosis may

be due to neutrophilia. There was also a U-shaped relation-
ship between WBC count and mortality risk. However, the
pattern of the correlation between WBC subtypes and mor-
tality was not the same as for the above AKI results; neutro-
penia and lymphopenia tended to result in a greater risk of
mortality, but monocyte counts did not correlate with mor-
tality. Instead, eosinopenia was a significant predictor of
high mortality, in contrast to the finding that the eosinophil
count was not correlated with AKI risk.

The role of WBC and its subtypes in the mechanism of
AKI has been extensively investigated in experimental
studies, whereas clinical studies are relatively insufficient.
It is well known that both leukocytosis and leukopenia are
associated with mortality risk (Knaus et al. 1985), which
results in a U-shaped relationship between WBC count and
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Table 5. Correlations between white blood cell subtypes and mortality.

183

Model 1* Model 27
Quintiles Count (/uL)
OR (95% CI) P OR (95% CI) P

Neutrophil

I <5,443 1.45 (1.059-1.975) 0.020 1.48 (1.079-2.038) 0.015

o 5,443-8,044 1.10 (0.809-1.491) 0.549 1.14 (0.836-1.560) 0.405

3¢ 8,045-10,688 1 (Reference) 1 (Reference)

4 10,689-14,502 1.16 (0.853-1.568) 0.351 1.13 (0.832-1.544) 0.427

5t > 14,503 1.28 (0.937-1.754) 0.120 1.22 (0.887-1.674) 0.223
Lymphocyte

I <534 1.63 (1.190-2.223) 0.002 1.57 (1.140-2.149) 0.006

o 534-850 1.11 (0.820-1.500) 0.501 1.11 (0.818-1.511) 0.498

3 851-1240 1 (Reference) 1 (Reference)

4 1,241-1,882 0.97 (0.714-1.320) 0.852 0.96 (0.705-1.317) 0.814

5t >1,883 0.92 (0.668-1.266) 0.607 0.94 (0.674-1.297) 0.687
Monocyte

™ <212 1.12 (0.810-1.535) 0.505 1.01 (0.731-1.401) 0.944

o 212-339 0.96 (0.702-1.303) 0.778 0.96 (0.699-1.314) 0.959

34 340-474 1 (Reference) 1 (Reference)

4 475-709 1.00 (0.732-1.355) 0.977 0.98 (0.713-1.337) 0.882

5t >710 1.11 (0.816-1.519) 0.498 1.08 (0.785-1.479) 0.643
Eosinophil

I <15 1.44 (1.053-1.957) 0.022 1.42 (1.038-1.945) 0.028

o 15-43 1.15 (0.846-1.564) 0.372 1.18 (0.864-1.612) 0.298

3 44-84 1 (Reference) 1 (Reference)

4 85-172 1.02 (0.750-1.386) 0.899 1.06 (0.778-1.453) 0.698

5t >173 1.13 (0.821-1.542) 0.463 1.19 (0.866-1.645) 0.279

Among the quintiles, the 3" quintile was used as a reference for the logistic regression analyses.
*Adjusted for age, sex, body weight, primary diagnosis, underlying chronic kidney disease, history of malignancy, the
need for mechanical ventilation, the use of vasoactive drugs, APACHE II score, and the counts of subtypes other than the

analyzed subtype.

tAdjusted for the covariates of model 1 plus acute kidney injury.

OR, odds ratio; CI, confidence interval.

mortality risk. However, whether this relationship can be
applied to the field of AKI is unknown. Previous clinical
studies have consistently demonstrated that leukocytosis
increases the risk of morbidities such as cardiovascular dis-
ease, metabolic syndrome, and diabetes mellitus (Madjid et
al. 2004; Gkrania-Klotsas et al. 2010; Babio et al. 2013).
The present study builds on previous results because the
correlation between WBC count and AKI is also prominent
as other diseases. Furthermore, the present study confirms
that there is a U-shaped relationship with AKI, which
means that both leukocytosis and leukopenia increase the
risk of AKI. Stratified analyses of WBC subtypes showed
that neutrophilia, lymphopenia, and monocytopenia were
associated with AKI risk. Although the underlying mecha-
nism cannot be determined from this observational study,
the correlation pattern of each WBC subtype may suggest
the following: the correlation with AKI in leukocytosis is
attributable to neutrophilia, whereas the correlation in leu-
kopenia is attributable to both lymphopenia and monocyto-

penia.

Neutrophils generate reactive oxygen species and thus
can lead to the destruction of normal self cells in inflamed
tissue. Several experimental models, such as ischemic,
nephrotoxic, and endotoxemia-induced AKI models, are
associated with an increase in infiltrating neutrophils in the
kidney (Cunningham et al. 2002; Melnikov et al. 2002;
Faubel et al. 2007). It has been revealed that T and B lym-
phocytes have a role in modulating the innate and adaptive
inflammatory responses, which may lead to the inflamma-
tory process of AKI (Burne-Taney et al. 2003; Day et al.
2006). However, other subtypes of lymphocytes, such as
regulatory T lymphocytes, have strong immunosuppressive
properties, and a depletion of this lymphocyte worsens kid-
ney damage (Kinsey et al. 2009). Additionally, natural
killer T cells, a unique subtype of lymphocyte, may have
both pro-inflammatory and protective roles in AKI (Li et al.
2007; Yang et al. 2011). Monocytes are recruited to the
kidney and differentiate into macrophages or dendritic cells
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during the AKI event. There, the cells also have both pro-
inflammatory and healing effects in the kidney (Lee et al.
2011). Although lymphocytes and monocytes have compet-
ing roles in AKI, the present study results can be explained
by experimental findings, as follows: neutrophilia leads to
AKI by pro-inflammatory function, whereas lymphopenia
and monocytopenia result in AKI due to a lack of protective
function. Further clinical and experimental studies are
needed to address this hypothesis.

The U-shaped relationship observed between WBC
counts and mortality in the ICU setting is consistent with
previous findings (Knaus et al. 1985). We additionally
evaluated the relationship of each WBC subtype with mor-
tality, which was not the same as the AKI results. The
effects of neutropenia, lymphopenia, and eosinopenia on
mortality support recent findings, although the study set-
tings are not exactly same (Knaus et al. 1985; Felmet et al.
2005; Kuderer et al. 2006; Ducloux et al. 2010; Abidi et al.
2011; Merino et al. 2012). Based on the observations of the
study, the correlation with mortality in leukopenia may be
attributable to neutropenia and lymphopenia, whereas the
correlation in leukocytosis may be attributable to the com-
posite outcome of all WBC subtypes. The presence of AKI
relatively decreased the significance of the correlation of
mortality with WBC quintiles, but a definite conclusion on
this topic cannot be drawn from the present study alone. It
is plausible that the impact of WBC or its subtypes on mor-
tality is both dependent on and independent of AKI because
several morbidities other than AKI are known to be associ-
ated with WBC and its subtypes (Madjid et al. 2004; Felmet
et al. 2005; Dragu et al. 2008; Gkrania-Klotsas et al. 2010;
Uthamalingam et al. 2011; de Jager et al. 2012; Babio et al.
2013). Future studies are needed to address how much each
WBC subtype affects morbidity and mortality risk in the
ICU setting.

Although our results are informative, this study has
certain limitations. First, the ICU design of the study limits
the applicability of our conclusions to other settings, despite
the abundance and detail of the data. Second, certain valu-
able variables were not obtained in the present study, such
as the counts of intra-renal WBC and its subtypes; the
counts of the secondary subtypes of WBC; and the levels of
other inflammatory markers, including cytokine and che-
mokine, all of which may be additional predictors of out-
comes. However, the WBC and WBC subtypes used in the
present study are more clinically accessible examinations
and thus may better fit the real clinical practice. Further
studies addressing these limitations will be necessary in the
future.

The present study is the first to have thoroughly evalu-
ated the correlations of WBC and WBC subtype counts
with AKI and mortality in critically ill patients. To date,
there is no information on how to monitor and treat these
markers in ICU patients at high risk of AKI. Furthermore,
whether reducing counts of WBC or its subtypes signifi-
cantly decreases the risk of AKI or mortality has not been

determined. However, immune modulation is regarded as a
promising therapy in the ICU setting, and related studies
are ongoing. The present study will form the basis of later
studies to address these issues.
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