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Anemia Is a Risk Factor for Acute Kidney Injury and Long-Term
Mortality in Critically Il Patients
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Acute kidney injury (AKI) is a major health concern, because AKI is related with an increase in morbidity
and mortality. Anemia is related to AKI in several clinical settings. However, the relationship between
anemia and AKI and the effect of anemia on long-term mortality are unresolved in critically ill patients. A
total of 2,145 patients admitted to the intensive care unit were retrospectively analyzed. We calculated a
threshold value of hemoglobin associated with an increased risk of AKI and used this value to define
anemia. The odds ratios (ORs) and hazard ratios for AKI and all-cause mortality were calculated after
adjusting for multiple covariates. The OR of AKI increased depending on the decrease in hemoglobin level
and the ideal threshold point of hemoglobin linked to increasing AKI risk was 10.5 g/dL. We categorized
patients into anemia (< 10.5 g/dL) and non-anemia (= 10.5 g/dL) groups. The risk of AKI was higher in the
anemia group than the non-anemia group and this trend remained significant irrespective of the AKI
development time (early vs. late) or duration (< 3 days vs. = 3 days). Both anemia and AKI increased the
10-year mortality risk and this risk prediction was significantly separated by the presence of anemia and
AKI. Furthermore, the risk prediction remained consistent irrespective of the AKI severity (i.e., recovery,
stage, or duration of AKI). Based on these, we urge clinicians to monitor anemia and AKI in critically ill

patients.
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Introduction

Acute kidney injury (AKI) is a major health concern
because AKI is related with an increase in morbidity and
mortality (Metnitz et al. 2002; Chertow et al. 2005).
Although therapy for AKI has improved in recent years, it
is still highly prevalent, especially in critically ill patients
admitted to the intensive care unit (ICU) (Clermont et al.
2002). AKI in the ICU results in extremely high mortality
rates of up to 80% (Turney 1996), and this rate has
remained relatively unchanged despite improved critical
care (Ympa et al. 2005). Thus, the detection and manage-
ment of risk factors related to AKI are important concerns
for clinicians managing AKI patients.

Anemia is the most common blood disorder and is
associated with substantial morbidity and mortality (Anand
et al. 2004; Zakai et al. 2005). Correspondingly, anemia is
most frequent complication experienced by the ICU (du
Cheyron et al. 2005). Anemia can further aggravate the
ICU patients’ worse outcomes (Corwin et al. 2004),
although the independent impact of anemia, not blood

transfusion, has not been explicitly examined. Additionally,
the presence of anemia in this subset is associated with fre-
quent use of red blood products. Certain researches empha-
sized this issue because the quantity of blood transfusion
may increase the ICU complications including mortality
(Vincent et al. 2002; Corwin et al. 2004). Accordingly, it is
needed to determine the anemia-related factors and its
proper management for ICU patients, but the researches and
guidelines are still lacking.

The relationship between anemia and AKI is important
to clinicians for several reasons. First, both diseases impose
a large burden on patients, particularly those with comor-
bidities (Karkouti et al. 2009), because those lead to worse
outcomes and economic burden together. Moreover, their
high prevalence aggravates this situation. Second, if there
is a significant relationship, we could consider the preven-
tion or modification of anemia to reduce the AKI incidence
and its worse outcomes. Third, hemoglobin and serum cre-
atinine are easily monitored, and thus clinicians can access
these monitoring methods in routine clinical practice.
These issues certainly support studying the relationship
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between anemia and AKI in the context of applying the
results to clinical practice and then improving patient out-
comes. However, despite these clinical implications, ques-
tions about the relationship between anemia and AKI
remain unsolved in ICU patients. Herein, we first addressed
the relationship between anemia and AKI in a large cohort
of ICU patients. We then followed-up patients for 10 years
to examine whether the relationship between anemia and
AKI affects long-term mortality.

Methods

Participants and data collection

The study protocol complies with the Declaration of Helsinki
and received full approval from the institutional review boards at the
Seoul National University Bundang Hospital (no. B-1407/258-114).
The ICU patient data were obtained from a cohort that consisted of
patients from a tertiary referral center (Seoul National University
Bundang Hospital, Gyeonggi-do, Korea). A total of 2,823 patients
were admitted from June 2004 through June 2010 to the ICU and
were followed-up until February 2015. We excluded patients younger
than 18 years old (n = 49) and patients previously diagnosed with
end-stage renal disease on dialysis (n = 94). Among the study sub-
jects, nine patients were excluded due to missing serum creatinine or
urine output data. If the patients were admitted more than once to the
ICU, then the first admission was counted as the single case.
Consequently, 2,145 patients were reviewed retrospectively using
electronic medical records. A standardized data form approved by the
institutional review board was used to collect the data.

The following clinical parameters were recorded at the time of
ICU admission: age, sex, weight, systolic/diastolic blood pressure,
primary diagnosis, underlying chronic kidney disease, history of non-
hematologic and hematologic malignancies, previously diagnosed
anemia, evidence of bleeding, the need for mechanical ventilation,
and the use of vasoactive drugs. The primary diagnoses included car-
diovascular disease, sepsis, surgical emergency, and others. The
Acute Physiology and Chronic Health Evaluation (APACHE) II score
was used to assess illness severity (Knaus et al. 1985). The changes
in serum creatinine and urine output after ICU admission were mea-
sured, and the urine output data were recorded hourly. The serum
hemoglobin levels were collected until 3 days after admission. Three
hundred and thirty eight patients did not have the 2" or 3™ day serum
hemoglobin levels. Other blood parameters recorded included albu-
min, electrolyte (sodium and potassium), and C-reactive protein, but
these parameters were available only in 1,187 patients.

The risk of AKI was determined during the first 15 days of the
ICU admission. The definition and staging of AKI was based on both
the serum creatinine and urine output criteria in the guideline pro-
posed by the Kidney Disease: Improving Global Outcomes (KDIGO)
Acute Kidney Injury Work Group (2012). Recovery from AKI was
considered at discharge: recovered and non-recovered AKI cases were
defined by the subsequent serum creatinine levels (at discharge) “less
than or equal to the baseline level” and “more than the baseline
level”, respectively. The risks of AKI and all-cause mortality were
considered as the primary outcome. Except the death-censored cases,
all subjects were followed until February 2015. The mortality data
were obtained from the national database of Statistics Korea; this was
feasible because all Koreans have a resident registration number and
death events are recorded and stored at the national level.

Statistical analysis

All of the analyses and calculations were performed using
STATA software (version 12.0, StataCorp LP, College Station, Texas,
USA). The data are presented as the means =+ standard deviations for
continuous variables and as the proportions for categorical variables.
The variables with non-normal distributions are expressed as the
median [interquartile range (IQR)] based on variable distributions
using histograms. The chi-squared test was used to compare categori-
cal variables. The comparisons between normally and non-normally
distributed continuous variables were performed using Student’s t-test
and Mann-Whitney U test, respectively. A restricted cubic spline
analysis was initially applied to account for a possible nonlinear rela-
tionship between serum hemoglobin, AKI, and mortality risk. We
determined a threshold value of serum hemoglobin to predict AKI
risk by calculating the Youden index of the receiver operating charac-
teristic (ROC) curve (Youden 1950). Subsequently, we divided the
patients into either the anemia group (< threshold point) or the non-
anemia group (> threshold point). The odds ratios (ORs) and confi-
dence intervals (ClIs) were calculated using the logistic regression
analysis with and without the adjustment of all covariates, such as
age, sex, body weight, systolic/diastolic blood pressure, primary diag-
nosis, chronic kidney disease, diabetes mellitus, non-hematologic/
hematologic malignancy, previously diagnosed anemia, bleeding,
need for mechanical ventilation, use of vasoactive and nonsteroidal
anti-inflammatory drugs (NSAID), contrast media, and APACHE II
score. Other blood parameters, which were not available in all the
patients, were additionally adjusted as a sensitivity analysis. The sur-
vival curves were drawn using the Kaplan-Meier method. To com-
pare survival curves between groups, the log-rank test was initially
applied. A Cox proportional hazard model was used to calculate the
hazard ratios (HRs) of mortality risk. Predicted probability was cal-
culated with the logistic or Cox proportional hazard model. A P value
less than 0.05 was considered significant.

Results

Baseline characteristics

The baseline characteristics of the patients are shown
in Table 1. The mean age was 68 years old. Most of the
patients were admitted to the ICU because of medical prob-
lems (n = 2,099) rather than surgical problems (n = 46).
The proportions of subjects with previously known hemato-
logic malignancy, anemia, or bleeding were 3.0%, 0.7%,
and 1.9%, respectively. The mean hemoglobin level was
11.6 g/dL. The median length of stay in the hospital was 20
days (IQR, 10 to 43 days). The study subjects were fol-
lowed for a median duration of 490 days (IQR, 36 to 2,160
days).

Anemia and the risk of acute kidney injury

There were 1,655 subjects (77.2%) with AKI during
the first 15 days after admission to the ICU. Each AKI case
was diagnosed by serum creatinine criterion alone (66.4%),
urine output criterion alone (2.9%), or both (30.7%). The
proportions in each AKI stage were as follows: stage 1,
67.0%; stage 2, 24.1%; and stage 3, 8.9%. We examined
the relationship between serum hemoglobin and AKI risk.
The risk of AKI varied depending on the serum hemoglobin
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Table 1. Baseline characteristics of critically ill patients.

Parameters Non-anemia (n = 1,351) Anemia (n = 794) Total (n = 2,145)

Age (years)* 66.9 +16.05 68.7+15.53 67.5+15.88
Male sex (%) 60.2 58.9 59.7
Body weight (kg)* 58.8+12.61 57.6£12.31 58.4+12.51
Systolic blood pressure (mmHg)} 133.0 +31.03 124.0 £ 30.30 129.7 + 31.06
Diastolic blood pressure (mmHg)# 75.5+20.76 68.2 +19.30 72.8 £20.52
Primary diagnosis (%)1

Cardiovascular disease 36.9 18.9 30.3

Sepsis 4.2 5.0 4.5

Surgical emergency 1.5 33 2.1

Others 57.4 72.8 63.1
Underlying chronic kidney disease (%)} 7.0 12.2 9.0
Diabetes mellitus (%) 14.1 15.2 14.5
Non-hematologic malignancy (%)% 11.3 19.6 14.4
Hematologic malignancy (%) 1.2 6.0 3.0
Previously diagnosed anemia (%) 0 1.9 0.7
Bleeding (%) 1.6 2.4 1.9
Need for mechanical ventilation (%) 67.4 69.8 68.3
Use of vasoactive drugs (%)% 46.4 56.7 50.2
Use of NSAID (%)* 23.5 19.1 21.9
Use of contrast media (%) 33.1 35.2 36.3
Serum hemoglobin (g/dL)} 13.2+1.87 9.0+ 1.24 11.6 £2.62
Serum creatinine (mg/dL) *f 1.0 (0.80 to 1.30) 1.2 (0.84 to 2.10) 1.0 (0.80 to 1.50)
APACHE II scoref 17.0+7.93 20.1 £8.19 18.2+8.17
Length of hospital stay (days)* 20 (10 to 42) 21 (11 to 44) 20 (10 to 43)

aData are expressed as the median (interquartile range) when the distribution of data was skewed.

*P <0.05; 1P <0.01; £P <0.001.

Comparisons were evaluated using the chi-squared test for categorical variables and Student’s t-test for normally distributed continuous
variables (Mann-Whitney U test for non-normally distributed continuous variables).
NSAID, non-steroidal anti-inflammatory drugs; APACHE, Acute Physiology and Chronic Health Evaluation.

levels based on the predicted probability (Fig. 1A) and the
ORs (Fig. 1B). The duration of AKI was increased in
patients with low serum hemoglobin levels compared to
patients with high hemoglobin levels (Fig. 1C).
Additionally, there was a prominent non-linear relationship
between hemoglobin and AKI risk. This result suggested
there was a threshold point of hemoglobin that predicted
AKI. Therefore, we calculated the threshold point to be
10.5 g/dL based on the Youden index method.

We used the calculated threshold hemoglobin level to
divide the patients into anemia (< 10.5 g/dL) and non-ane-
mia (> 10.5 g/dL) groups. The baseline characteristics of
the groups are shown in Table 1. The anemic patients had
more underlying chronic kidney disease, non-hematologic
and hematologic malignancies, and previously diagnosed
anemia than the non-anemic patients. We then calculated
the ORs for AKI in the anemia and non-anemia groups
(Table 2). As a result, the risk of AKI was higher in the
anemia group than in the non-anemia group irrespective of
covariates. Although the albumin, electrolyte (sodium and
potassium), and C-reactive protein were further adjusted (n

= 1,187), the anemia group had a higher risk of AKI than
the non-anemia group, as shown by the following results:
OR, 1.65 (1.104-2.466); P =0.015.

We next confirmed the relationship between anemia
and AKI based on the AKI development time and severity
(Table 2). First, we divided AKI cases into early (< 3 days)
and late AKI (> 3 days) using the development time after
ICU admission. We found that 90.3% of AKI developed
within 3 days (i.e., early AKI). The other AKI cases (9.7%)
developed after 4 days (i.e., late AKI). Although AKI
occurred primarily in the early period, anemia predicted
both early and late AKIs, as shown in Table 2. Although
the mean hemoglobin values during the first three days
were used, the anemia predicted late AKI with an unad-
justed OR of 2.13 (1.415-3.208) and an adjusted OR of 1.75
(1.091-2.792); P values were < 0.001 and 0.020, respec-
tively. Second, we examined the distributions of AKI
stages in the anemia and non-anemia groups. The high AKI
stages were more common in the anemia group [58.5%
(stage 1), 27.8% (stage 2), and 13.7% (stage 3)] than in
non-anemia group [73.0% (stage 1), 21.5% (stage 2), and
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Fig. 1. Anemia and the risk of acute kidney injury (AKI).
Non-linear relationship between hemoglobin and the predicted probability of AKI (A), multivariable-adjusted odds ratio
(OR) for AKI (B), or duration of AKI (C). Histogram in A indicates the subject number. Fitted line and 95% confidence
interval are presented with solid line and shaded area, respectively.
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Table 2. Risk analyses of acute kidney injury in the anemic patients compared with the non-anemic patients.

Univariate Multivariate®
Outcome
OR (95% CI) P OR (95% CI) P
Acute kidney injury 2.43 (1.926-3.074) <0.001 1.76 (1.349-2.291) <0.001
Early acute kidney injury 1.86 (1.525-2.279) <0.001 1.42 (1.128-1.781) 0.003
Late acute kidney injury® 2.53 (1.731-3.686) <0.001 1.83 (1.186-2.837) 0.006
Non-recovered AKI® 1.91 (1.541-2.361) <0.001 1.64 (1.296-2.083) <0.001

*Adjusted for age, sex, body weight, systolic/diastolic blood pressure, primary diagnosis, chronic kidney disease, diabetes
mellitus, non-hematologic/hematologic malignancy, anemia, bleeding, need for mechanical ventilation, use of vasoactive

and NSAID drugs, contrast media, and APACHE 11 score.

Analysis is restricted to the patients without AKI development within 3 days (n = 651).

cAnalysis is restricted to the AKI-developed patients (n = 1,655).
OR, odds ratio; CI, confidence interval; AKI, acute kidney injury.
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5.5% (stage 3)]; P <0.001. AKI recovery was also affected
by the presence of anemia because the AKI patients with
anemia had worse recovery than those without anemia
(Table 2).

Effects of anemia and acute kidney injury on mortality
During the follow-up period (max. 10.7 years), the
mortality rate of the patients was 63.1 per 100,000 patient-

days. The hemoglobin level was significantly related to the
mortality rate based on the predicted probability (Fig. 2A,
C) and the ORs (Fig. 2B, D). This relationship remained
consistent for both the short-term (i.e., 1-year) and long-
term (i.e., 10-year) mortality rates. We measured the cumu-
lative mortality rates according to the presence of anemia
and AKI (Fig. 3). The data showed the overall mortality
curves to be separated by anemia and AKI (P < 0.001).
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Fig. 3. Kaplan-Meier survival curves according to the presence of anemia or AKI.

Table 3. Risk of all-cause mortality according to the anemia and acute kidney injury.

Univariate Multivariate®
Group Subject no. (%)
HR (95% CI) P HR (95% CI) P

Non-anemia, non-AKI 380 (17.7) 1 (Reference) 1 (Reference)

Anemia, non-AKI 110 (5.1) 1.78 (1.347-2.349) <0.001 1.40 (1.053-1.851) 0.020
Non-anemia, AKI 971 (45.3) 2.38(2.007-2.817) <0.001 1.79 (1.500-2.131) <0.001
Anemia, AKI 684 (31.9) 3.38 (2.842-4.028) <0.001 2.21 (1.835-2.662) <0.001
Non-anemia, recovered AKI 737 (44.5) 1 (Reference) 1 (Reference)

Anemia, recovered AKI 426 (25.7) 1.32(1.139-1.518) <0.001 1.17 (1.010-1.358) 0.036
Non-anemia, non-recovered AKI 234 (14.1) 4.75 (4.042-5.581) <0.001 4.03 (3.413-4.748) <0.001
Anemia, non-recovered AKI 258 (15.6) 4.51 (3.856-5.281) <0.001 4.07 (3.446-4.8006) <0.001
Non-anemia, AKI stage 1 709 (42.8) 1 (Reference) 1 (Reference)

Anemia, AKI stage 1 400 (24.2) 1.36 (1.170-1.569) <0.001 1.21 (1.036-1.402) 0.016
Non-anemia, AKI stage 2 209 (12.6) 3.38 (2.851-4.004) <0.001 2.97 (2.499-3.533) <0.001
Anemia, AKT stage 2 190 (11.5) 3.18 (2.665-3.789) <0.001 3.02 (2.519-3.624) <0.001
Non-anemia, AKI stage 3 53(3.2) 4.98 (3.724-6.671) <0.001 5.05 (3.736-6.825) <0.001
Anemia, AKI stage 3 94 (5.7) 4.29 (3.410-5.400) <0.001 3.56 (2.781-4.550) <0.001
Non-anemia, short duration of AKI 855 (51.7) 1 (Reference) 1 (Reference)

Anemia, short duration of AKI 510 (30.8) 1.35 (1.185-1.526) <0.001 1.19 (1.045-1.361) 0.009
Non-anemia, long duration of AKI 116 (7.0) 1.48 (1.187-1.834) <0.001 1.40 (1.124-1.749) 0.003
Anemia, long duration of AKI 174 (10.5) 1.95(1.631-2.324) <0.001 1.67 (1.385-2.008) <0.001

2Adjusted for age, sex, body weight, systolic/diastolic blood pressure, primary diagnosis, chronic kidney disease, diabetes mellitus, non-
hematologic/hematologic malignancy, anemia, bleeding, need for mechanical ventilation, use of vasoactive and NSAID, contrast media,

and APACHE 1I score.

HR, hazard ratio; CI, confidence interval; AKI, acute kidney injury.

Compared with the patients without anemia and AKI, the
patients with anemia, AKI, or both diseases had 1.4, 1.8,
and 2.2 fold increased mortality risk, respectively, after
adjusting for covariates (Table 3). For the in-hospital mor-
tality outcome, the trend was similar to the above results, as
following adjusted ORs: 1.11 (0.509-2.413) in anemia and
non-AKI group (P = 0.796); 3.71 (2.374-5.796) in non-ane-

mia and AKI group (P < 0.001); and 4.54 (2.865-7.179) in
anemia and AKI group (P < 0.001).

We further examined the effect of anemia on mortality
according to AKI severity (Table 3, Fig. 4). Anemia sepa-
rated the survival curves of patients with recovered AKI
and stage 1 AKI (Fig. 4A, B). The survival curves were
also separated based on the presence of anemia when the
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Fig. 4. Survival curves according to the presence of anemia and the severity of AKI.
The severity of AKI was categorized by recovery (A), stage (B), or duration (C).

duration of AKI was divided into short duration (< 8 days)
and long duration (> 8 days) groups (Fig. 4C). The HR
results showed similar patterns, and anemia separately
increased the HRs for mortality in each AKI group (Table

3).

Additionally, both anemia and AKI increased the

293

length of hospital stay as following median results: 15 days
(IQR, 8 to 33 days) in non-anemia and non-AKI group (ref-
erence); 21 days (IQR, 11 to 41 days) in anemia and non-
AKI group (P = 0.003); 22 days (IQR, 10 to 45 days) in

non-anemia and AKI group (P < 0.001); and 21 days (IQR,

11 to 44 days) in anemia and AKI group (P < 0.001).
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Discussion

Anemia and AKI are both important health issues due
to the associated morbidity and mortality. However, their
potential relationship remains unclear in critically ill
patients. With this regard, this study has several clinical
implications. We first demonstrated the relationship based
on multiple aspects such as AKI stages, duration, and
recovery. We further identified the hemoglobin threshold
for detecting an increased risk of AKI. Lastly, anemia dis-
criminated and increased the predictability of AKI on long-
term mortality. We believe the robust relationships between
anemia, AKI, and mortality may be immediately applicable
to the current clinical practice.

In normal physiologic responses, the kidney receives
approximately 20-25 percent of the blood from cardiac out-
put (Brezis and Rosen 1995). This is the highest need
throughout the body in relation to organ weight. As a
pathologic response, the anemia directly reduces the deliv-
ery of oxygen. Because AKI frequently develops in the
ischemic conditions, anemia can be one of reasons for the
high incidence of AKI in hospital-admitted patients (i.e., 1
in 5 adults and 1 in 3 children patients) (Susantitaphong et
al. 2013). Previous studies in several clinical settings
(Karkouti et al. 2009; Legrand et al. 2013; Sickeler et al.
2014) and our ICU results support the relationship between
anemia and AKI. Thus, it is helpful to monitor serum
hemoglobin or anemia to prevent worse outcomes of AKI.

There is substantial mortality in critically ill patients
(Zimmerman et al. 2013). Long-term mortality has
received recent attention because more patients now survive
the ICU and require critical care to maintain a high quality
of life (Jackson et al. 2012; Luangasanatip et al. 2013). The
present data also highlighted the long-term mortality asso-
ciated with anemia and AKI. As a result, anemia separated
the relationship between AKI and mortality over 10 years.
Additionally, patients with both anemia and AKI had a
higher mortality risk than the counterpart groups. This may
be because both anemia and AKI aggravate organ dysfunc-
tion or delay of organ recovery (Cilley et al. 1991; Basile et
al. 2012). Anemia can have both direct and indirect effects
on mortality; in the context of indirect effect, anemia may
increase the severity of AKI and worsen the mortality rate.
Nevertheless, the present observational design could not
clarify the underlying mechanisms for the causal relation-
ships between anemia, AKI, and mortality. Future follow-
up studies should determine the direct cause of mortality to
solve these complex relationships.

The strengths of the present study include the large
sample size, statistical robustness, and the long-term fol-
low-up. Although the data are informative, this study has
some limitations. First, the study design involved observ-
ing correlations, and this precludes conclusions based on
causality. However, the main aim of the present study was
to determine the relationship itself. Thus, the current design
does not significantly hamper this aim. Second, we did not

consider the direct cause of anemia and mortality because
of the retrospective nature of the database. Additionally,
we did not collect some important data, such as change in
hemoglobin levels and other possible confounding factors
(e.g., duration of drug use). Although the present study
could not address these issues, it will form the basis of later
studies without these limitations.

Anemia and AKI are related and increase the long-
term mortality of critically ill patients. Current ICU out-
comes remain suboptimal. Thus, it is important to monitor
these two conditions in both ICU-admitted and ICU-
surviving patients. Future follow-up studies will evaluate
the underlying mechanisms of relationship between anemia
and AKI. Additionally, new data should reveal when to
correct the anemia of critically ill patients to attain a per-
sonalized treatment approach and better survival outcomes.
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