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Abstract
Hypoxia-inducible factor-1α (HIF-1α) is a transcription factor that mediates many cellular responses
to tissue hypoxia, a common feature of acute kidney injury (AKI). Here we studied 241 patients with
AKI and determined the relationship to adverse outcome of a non-synonymous polymorphism in the
coding region of the HIF-1α gene where a C to T substitution occurs at position þ85 in exon 12, a
change known to enhance transactivation. The baseline characteristics of the patients were not
different among genotype groups except for a significantly higher prevalence of shock and number
of failed organs in T-allele carriers. A significant genotype–phenotype association was found for
plasma levels of vascular endothelial growth factor-A but not angiopoietin-2, two downstream targets
of HIF-1α. Compared to the CC genotype, T-allele carriers had significantly higher adjusted odds
for dialysis requirement or in-hospital death; assisted mechanical ventilation or dialysis requirement;
and the composite of assisted mechanical ventilation, dialysis requirement or in-hospital death. The
trend for higher plasma angiopoietin-2 levels was associated with significantly higher adjusted odds
for in-hospital death; dialysis requirement or in-hospital death; and the composite outcome of assisted
mechanical ventilation, dialysis, or in-hospital death. Despite the limited cohort size, our study found
this particular HIF-1α genetic variant to be associated with disease severity and adverse outcomes
in AKI. Larger studies are needed to confirm these relationships.
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INTRODUCTION
Acute kidney injury (AKI), as defined by a wide range of serum creatinine increments, is a
consistent and powerful predictor of in-hospital mortality, and is associated with an increase
in length of stay at hospital, hospital costs, and posthospitalization resource utilization.1,2 The
limited oxygen supply to renal tissue renders the kidney susceptible to hypoxia, particularly
the medulla, and has been long recognized as an important factor in the pathogenesis of AKI.
3 Hypoxia-inducible factor-1a (HIF-1α) is the major transcription factor that mediates cellular
responses to tissue hypoxia. Similar to other organs, ischemia-reperfusion injury in the kidney
evokes activation of several hypoxia-inducible genes by HIF-1α,3 and may play an important
role in the development, propagation, and resolution of AKI.
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In recent years, polymorphisms of host-response candidate genes have emerged as potentially
important determinants of disease severity and adverse outcomes in AKI.4,5 A
nonsynonymous polymorphism in the coding region of the HIF-1α gene (exon 12, position
þ85, C to T single-nucleotide substitution; RefSNP no. rs11549465) resulting in proline to
serine substitution (codon 1, position 582) has recently been described and shown to increase
the transactivation potential of the transcription factor.6 In this study, using a candidate-gene
approach, we examined the association of this HIF-1α genetic variant with measures of disease
severity and adverse outcomes in a cohort of hospitalized patients with established AKI,
focusing mainly on dialysis requirement, assisted mechanical ventilation, and in-hospital
mortality. We also explored the association of this polymorphism with two intermediate
phenotypes, plasma levels of vascular endothelial growth factor-A (VEGF-A) and
angiopoietin-2 (Ang-2), pro- and antiangiogenic factors, respectively, under the control of
HIF-1α. Because these factors have previously been linked to adverse outcomes in critically
ill patients,7,8 we probed their potential impact in AKI.

RESULTS
Characteristics of the cohort stratified by HIF-1α genotypes

Hypoxia-inducible factor-1a genotyping was performed on 241 consecutive study participants.
The minor allele frequency of the HIF-1α exonic þ85 T-allele was 14%. Testing for Hardy–
Weinberg equilibrium did not detect deviation from expected frequencies (P=0.88). Table 1
displays the baseline characteristics of the cohort according to the different HIF-1α genotypes.
In brief, no significant age, sex, and race differences were observed among the different
genotype groups. The remaining characteristics did not differ significantly among the genotype
groups, except for a higher prevalence of shock (Table 1) and a higher number of failed organs,
as defined by the multiple organ failure (MOF) score, in carriers of the CT and TT genotypes
(Figure 1, P=0.04). The HIF-1α T-allele was associated with a higher MOF score category
(odds ratio 1.94; 95% confidence interval (CI) 1.05, 3.57; P=0.03).

Association of HIF-1α genotypes with plasma VEGF-A and Ang-2 levels
A genotype–phenotype association was demonstrable between the HIF-1α genotypes and
plasma VEGF-A levels (P=0.02 for trend). Patients with the HIF-1α CT genotype had higher
plasma VEGF-A levels as compared with those with the CC genotype (Figure 2a; P=0.006).
When the CT and TT genotypes were combined (there were only five carriers of the TT
genotype in our cohort), the T-allele carriers had markedly higher plasma VEGF-A levels as
compared with carriers of the CC genotype (54±7 vs 34±4 pg/ml; P=0.008). There was no
significant association between plasma Ang-2 levels and HIF-1α genotypes (P=0.24), although
a trend toward higher values appeared among the five carriers of the TT genotype (Figure 2b).
Similarly, when we combined the CT and TT genotypes, the T-allele carriers had higher plasma
Ang-2 levels as compared to those with the CC genotype, but this did not reach statistical
significance (18 335±2610 vs 15 305±1517 pg/ml; P=0.32).

Association of HIF-1α genotypes with adverse clinical outcomes
As shown in Table 2, carriers of the HIF-1α CT/TT genotype had a higher requirement for
dialysis (P=0.03) or assisted mechanical ventilation (P=0.05), as well as higher composite end
points of dialysis requirement or in-hospital death (P=0.001), assisted mechanical ventilation
or dialysis requirement (P=0.005), and assisted mechanical ventilation, dialysis requirement,
or in-hospital death (P=0.001).

Results of the logistic regression analyses are displayed in Table 3. In the unadjusted analyses,
compared with the CC genotype, the HIF-1α T-allele carrier state was associated with 2.89-
fold higher odds for dialysis requirement or in-hospital death, 2.58-fold higher odds for assisted

Kolyada et al. Page 2

Kidney Int. Author manuscript; available in PMC 2010 May 18.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



mechanical ventilation or dialysis requirement, and 3.28-fold higher odds for assisted
mechanical ventilation, dialysis requirement, or in-hospital death. These associations persisted
with 3.61-, 3.39-, and 4.74-fold higher odds for these respective composite end points after
adjustment for sex, race, and APACHE II score. Similar associations were observed after
adjustment for sex, race, APACHE II score, and shock (Table 3), as well as after adjustment
for sex, race, and age, and either the MOF score or sepsis (data not shown).

Using the additive models, each copy of the HIF-1α T-allele was independently associated
with 2.90-fold higher odds for dialysis requirement or in-hospital death (95% CI 1.52, 5.56),
3.08-fold higher odds for assisted mechanical ventilation or dialysis requirement (95% CI 1.55,
6.16), and 4.05-fold higher odds for assisted mechanical ventilation, dialysis requirement or
in-hospital death (95% CI 1.96, 8.41), after adjustment for sex, race, and APACHE II score.
The addition of shock to these models did not affect any of these point estimates (data not
shown).

Association of plasma VEGF-A or Ang-2 levels with adverse clinical outcomes
We constructed a restrictive cubic spline to ascertain the crude relationship between plasma
VEGF-A or Ang-2 and dialysis requirement or in-hospital death (Figure 3). Increasing plasma
levels of VEGF-A were not associated with this composite outcome (P=0.39; Figure 3a). By
contrast, increasing plasma levels of Ang-2 were associated with a progressively higher
probability of dialysis requirement or in hospital death (P<0.0001; Figure 3b).

Plasma VEGF-A (odds ratio 0.95; 95% CI 0.91, 0.99; P=0.03) and plasma Ang-2 (odds ratio
3.83; 95% CI 2.55, 5.75; P<0.0001) were also associated with the MOF score, but these
associations were in opposite directions.

Results of the logistic regression analyses are displayed in Table 4. In the unadjusted analyses,
plasma VEGF-A level was associated with 0.90-fold lower odds for in-hospital death, which
persisted after adjustment for sex, race, APACHE II score, and HIF-1α genotypes. However,
there was no association between this proangiogenic factor and the composite end points (Table
4). In the unadjusted analyses, plasma Ang-2 level was associated with 3.28-fold higher odds
for in-hospital death, 2.34-fold higher odds for dialysis requirement or in-hospital death, 2.12-
fold higher odds for assisted mechanical ventilation or dialysis requirement, and 2.27-fold
higher odds for the composite of assisted mechanical ventilation, dialysis requirement, or in-
hospital death. These associations persisted for in-hospital death, and for all three composite
end points after adjustment for sex, race, APACHE II score, and HIF-1α genotypes (Table 4).
Of note, the HIF-1α T-allele was independently associated with 3.57-fold higher odds for
dialysis requirement or in-hospital death (95% CI 1.73, 7.35), 3.37-fold higher odds for assisted
mechanical ventilation or dialysis requirement (95% CI 1.59, 7.15), and 4.69-fold higher odds
for assisted mechanical ventilation, dialysis requirement or in-hospital death (95% CI 2.13,
10.33), after adjustment for sex, race, APACHE II score, and Ang-2 level. There was no
interaction between HIF-1α genotypes and either plasma VEGF-A or Ang-2 for the various
end points (data not shown).

DISCUSSION
This study evaluates the relationship of a functional genetic variant in the coding region of the
HIF-1α gene to adverse clinical outcomes in a large cohort of hospitalized patients with
established AKI of mixed etiology and severity. The observed and expected genotype
frequencies were not significantly different, thereby fulfilling the Hardy–Weinberg
equilibrium, and there were no race, gender, or age differences within genotype groups. The
HIF-1α genotypes influenced plasma levels of VEGF-A but not Ang-2, two HIF-1α-regulated
gene products. After adjustment for sex, race, and APACHE II score, the HIF-1α T-allele
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carriers (CT and TT genotypes) had a higher prevalence of shock and multiple organ failure,
and higher odds for the composite end points of dialysis requirement or in-hospital death,
assisted mechanical ventilation or dialysis requirement, and assisted mechanical ventilation,
dialysis requirement, or in-hospital death. Although plasma VEGF-A levels were significantly
higher among carriers of the HIF-1α T-allele, higher levels of this proangiogenic factor were
associated with lower odds for in-hospital death. By contrast, although there was a
nonsignificant trend toward higher plasma Ang-2 levels among the HIF-1α T-allele carriers,
higher levels of this antiangiogenic factor were associated with higher odds for in-hospital
death and the three afore-mentioned composite end points.

The limitation in oxygen supply to renal tissue renders the kidney susceptible to hypoxia and
has been long recognized as an important factor in the pathogenesis of AKI.3 HIF-1α is a
transcription factor that mediates cellular responses to tissue hypoxia.9 By forming a
heterodimeric complex with the b-unit (HIF-1b) on hypoxic responsive elements, HIF-1α
activates transcription of a wide array of genes as a part of the cellular response to hypoxia.
HIF-1b is ubiquitously expressed and maintained at constant cellular levels, whereas HIF-1α
protein levels and transcriptional activity are tightly regulated in response to oxygen levels.
Under normoxic conditions, HIF-1α is hydroxylated on proline residues by oxygen-dependent
prolyl hydroxylases, which mediate ubiquitination and degradation of HIF-1α. The critical
proline residues that mediate binding when hydroxylated are at position P402 and P564, both
located in the oxygen dependent domain.

Given its importance in mediating cellular repsonses to hypoxia, one might anticipate that
polymorphisms disrupting the function of HIF-1α would alter tissue responses in conditions
such as AKI. Several polymorphisms in the gene encoding HIF-1α have been described.
Among them, the non-synonymous polymorphism in the coding region of the HIF-1α gene
(exon 12, position þ85, C to T singlenucleotide substitution) results in proline to threonine
substitution (codon 1, position 582).6,10 This mutation at P582 renders HIF-1α less sensitive
to hydroxylation-dependent degradation, thereby increasing the transactivation potential of this
transcription factor.11 Such stabilization leads to higher abundance of HIF-1α12 and
subsequent upregulation of HIF-1α-dependent genes. The P582 HIF-1α T-allele carrier has
been associated with more aggressive forms of cancer, inlcuding renal cell carcinoma,13 breast
cancer,14 prostate cancer,11 and non-small cell lung cancer.15 However, nononcological
clinical studies examining the influence of this polymorphism have yielded conflicting results
with the HIF-1α T-allele being associated with a higher prevalence of type-2 diabetes mellitus,
12 and less collateral vessel formation among patients with coronary artery disease.16

In this study, the potential mechanisms underlying the association of the HIF-1α T-allele with
higher requirement for organ support are unknown. Our data seemingly contradict
experimental observations that hypoxic preconditioning and subsequent HIF-1α activation
protect against ischemic and nephrotoxic renal injury,17,18 and that the extent of HIF-1α
induction inversely correlates with tissue injury.19 However, targeted deletion of HIF-1α has
also been shown to be protective against sepsis,20 which would support the potential
aggravating effect of the HIF-1α stabilizing genetic variant observed in our study. In this regard,
a recently described new activator of prolyl-hydroxylase 2 that is capable of rapidly degrading
HIF-1α,21 might be a potential therapeutic agent in states of excessive HIF-1α activation and
might be of clinical interest in AKI. It is also difficult to translate experimental results to human
AKI. We propose that the poor outcomes observed among carriers of the stabilizing HIF-1α
T-allele might be due, in part, to the slower degradation of the mutated HIF-1α after reversal
of tissue hypoxia, that is, when oxygen supply is restored, thereby creating an effective state
of ‘hypoxia extension.’ This hypothesized maladaptive response of HIF-1α might be conducive
in part to an aberrant cytokine activation pattern that has been described earlier in sepsis, and
linked to HIF-1α activation.22,23
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With more than 60 HIF-1α target genes identified to date, and their involvement in a multitude
of biological processes relevant to kidney function, including glucose and energy metabolism,
angiogenesis, cell migration, cell–cell and cell–matrix interaction, proliferation, and apoptosis,
3,24 there are numerous potential downstream effectors of HIF-1α that might contribute to the
poor outcomes observed in our study. We chose to examine two intermediate HIF-1α
phenotypes, VEGF-A and Ang-2. VEGF-A represents one of the well-described HIF-1α target
genes.25 Although we were able to demonstrate a genotype–phenotype association between
HIF-1α and plasma VEGF-A, higher plasma VEGF-A levels were associated with improved
survival. The need for dialysis and assisted mechanical ventilation are clinical end points that
are potentially associated with vascular leakage phenomena. Although VEGF-A is a
wellestablished vascular permeability factor,26 we failed to establish an association between
this intermediate HIF-1α phenotype and organ support. We can only speculate as to whether
circulating VEGF-A levels among patients with AKI are not sufficiently high to cause vascular
leakage as observed in vitro,27 or whether a balance exists between different effectors with
opposing effects on vascular leakage.

Although there was a lack of association between HIF-1α genotypes and plasma Ang-2 levels,
this intermediate marker was associated with the same adverse outcomes predicted by the
HIF-1α T-allele. The mechanism of Ang-2 regulation by HIF-1α is not as well established as
that of VEGF-A,28,29 and its induction tends to be cell-type specific.28,30 Ang-2 levels are
elevated in critically ill patients with sepsis7,31 and severe trauma,32 and correlate with disease
severity.31 Furthermore, among septic patients with acute lung injury, Ang-2 levels correlate
with impaired pulmonary gas exchange7 and predict acute lung injury.33 In our study, higher
plasma Ang-2 levels were associated with higher probability of mechanical ventilation or
dialysis requirement, and dialysis requirement or in-hospital death. Thus, Ang-2 appeared to
be a suitable downstream effector of HIF-1α, and the inability to demonstrate a genotype–
phenotype association might be due to our limited sample size. Nonetheless, further studies to
identify candidate downstream mediators of HIF-1α are required. The fact that HIF-1α T-allele
carrier state remained independently associated with the composite end point of dialysis
requirement or in-hospital death even after adjustment for Ang-2 level is in support of other
more important downstream HIF-1α gene effectors.

To our knowledge, this is the first study testing the hypothesis of whether a functionally relevant
polymorphism of the HIF-1α gene is associated with adverse clinical outcomes in patients with
AKI. The heterogeneity of our cohort was offset by the selective inclusion of patients with
more severe AKI requiring formal consultation of the nephrology service. Although sizeable
for a hospital-based study, our cohort was relatively small for genetic epidemiological studies.
Our population was 90% white, reducing the potential impact of race and ethnicity on genotype
prevalence. Of note, we found no ethnic differences among genotype groups, but when the
analyses were confined to white subjects, the point estimates were not significantly altered
(data not shown). The use of baseline covariates such as the APACHE II or MOF score, which
incorporate several demographic, physiological, and laboratory variables that are individually
associated with the composite end points, strengthens our results. Our composite end points
were also chosen to account for survival bias when dialysis requirement and assisted
mechanical ventilation are being assessed as outcome measures. The demonstrable genotype–
phenotype associations lend some additional credibility to the observed association between
the HIF-1α T-allele and the various composite end points. Finally, there is a possibility that
the HIF-1α candidate gene polymorphism we studied might be in linkage disequilibrium with
other unidentified pathogenic genetic variants.

In summary, this study supports the hypothesis that HIF-1α gene polymorphism predicts
adverse outcomes in hospitalized patients with AKI. Larger studies are needed to confirm these
genetic associations and identify the candidate downstream effectors of HIF-1α. These
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observations bolster previous knowledge that cytokine and oxidative-stress gene
polymorphisms play an important role in the regulation of host inflammatory responses, and
contribute to altered morbidity and mortality among patients with AKI.4,5

MATERIALS AND METHODS
Study design and participants

This was a prospective cohort study of hospitalized patients with AKI, which was conducted
between November 2003 and January 2008 at two tertiary care hospitals located in Boston,
Massachusetts, USA. All consecutive hospitalized adult patients with AKI, in whom
nephrology consultation was requested, were eligible for enrollment. AKI was defined as a
rise in serum creatinine of 0.5, 1.0, or 1.5 mg per 100 ml from a baseline level of ≤1.9, 2.0–
4.9, or ≥5.0 mg per 100 ml, respectively.34 The adopted definition preceded the AKI network’s
recently developed criteria.35

Exclusion criteria were as follows: age <18 years, pregnancy, long-term dialysis, organ
transplantation within the prior year, and presence of acute obstructive uropathy. Written
informed consent was obtained from all participants or next of kin. The institutional review
board of each participating center approved the study protocol.

Data collection
Medical records were reviewed prospectively to retrieve hospitalization data, including
baseline demographic characteristics, coexisting conditions, and renal variables. At
enrollment, oliguria was defined by 24-h urine output <400 ml. Advanced chronic kidney
disease was assessed on the basis of a pre-morbid estimated glomerular filtration rate <30 ml/
min per 1.73m2, as calculated by the Modification of Diet in Renal Disease (MDRD) study
equation.36 At enrollment, the presence of sepsis was ascertained using the systemic
inflammatory response syndrome (SIRS) criteria,37 and two severity-of-illness scores were
calculated, the Acute Physiology and Chronic Health Evaluation (APACHE) II score38 and
the MOF score.39

Blood sampling and DNA extraction
At enrollment, EDTA-anticoagulated whole blood was collected. Plasma was separated, and
the remaining blood was aliquoted and stored at −80°C for subsequent DNA extraction.
Genomic DNA was extracted using a spin column method according to the manufacturer’s
instructions (Qiagen Inc., Valencia, CA, USA). Final DNA concentration was set at 50–200
ng/ml, and was determined by minigel electrophoresis.

HIF-1α genotyping analyses
Genotyping of the HIF-1α gene in the coding region (exon 12, position þ85, C to T substitution)
was performed with the allelespecific primers TTCCTTCGATCAGTTGTCAC (þ85C) and
TTCCTTCGATCAGTTGTCAT (þ85T), and the consensus primer
TGAGGCTGTCCGACTTTGAG, which produces a PCR product of 280 bp. Perfectly
matched primer pairs resulted in amplification of target sequences, whereas mismatched primer
pairs did not. In each reaction, a second set of primers for exon 3 of the HLA-DRBI gene was
used as a control for PCR efficiency. The PCR amplification reactions were carried out at 95°
C for 3 min, followed by 5 cycles at 95°C for 30 s, 66°C for 50 s, and 72°C for 50 s. This was
followed by 16 cycles with gradual decline of the annealing temperature by 1°C per cycle from
65 to 50°C; 10 cycles at 95°C for 30 s, 55°C for 50 s, and 72°C for 50 s; and a final cycle at
72°C for 5 min.
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Measurement of plasma VEGF-A and Ang-2
Plasma VEGF-A and Ang-2 were measured by sandwich ELISA using the commercially
available kits (Quantikine VEGF Immunoassay, and Quantikine Angiopoietin-2
Immunoassay, R&D, Minneapolis, MN, USA). Two measurements were performed per
sample, and outliers, as defined by values two standard deviations below or above the mean,
were re-measured. For VEGF-A, the average inter- and intra-assay coefficient of variation was
7.3 and 5.4%, respectively, and for Ang-2, 9.0 and 5.9%, respectively. The VEGF-A and Ang-2
results are expressed in pg/ml and are adjusted for the white blood cell and platelet counts, as
these molecules are expressed, stored, and secreted by these circulating blood cells.40–42

Outcome measures
The primary end point of our study was the composite of dialysis requirement or in-hospital
death. Secondary outcome measures were severity of organ dysfunction, as measured by the
MOF score, organ support, as defined by need for assisted mechanical ventilation or dialysis
requirement, in-hospital death and the composite of dialysis requirement, assisted mechanical
ventilation or in-hospital death. The composite end points of organ support or in-hospital death
were chosen as they take into consideration survival bias for dialysis requirement or assisted
mechanical ventilation.

Statistical analyses
The genotype frequencies were tested for Hardy–Weinberg equilibrium using a standard x2-
test. Comparisons between genotype groups were made by the Kruskall–Wallis test or the two-
tailed Mann–Whitney test for continuous variables, and by x2-test or Fisher’s exact test for
categorical variables. Results are expressed as means (with standard deviation) or percentages.

A general linear model was used to estimate the mean plasma VEGF-A and Ang-2 levels in
each genotype category, adjusting for white blood cell and platelet counts. For this analysis,
the results are displayed as means ± s.e. A proportional odds model was used to examine the
association of the HIF-1α T-allele carrier, plasma VEGF-A and Ang-2 level with the MOF
score.

Logistic regression analyses were used to examine the association of the HIF-1α CT/TT
genotypes or T-allele carrier (vs CC genotype) with the afore-mentioned outcomes, using a
recessive genetic model. All models were adjusted for sex, race, and APACHE II score. We
performed similar analyses using an additive genetic model (i.e., copies of the HIF-1α minor
allele). In a sensitivity analysis, other covariates were used including sex, race, age, and either
sepsis or the MOF score. The results of the logistic regression analyses are displayed as odds
ratios with 95% CI.

The functional form of plasma VEGF-A and Ang-2 level with dialysis requirement or in-
hospital death was examined and graphically displayed using restricted cubic spline functions
with four knots.43 Plots of the restricted splines were constructed using the Design library of
the R package.44

Logistic regression analyses were also used to examine the association of plasma VEGF-A and
Ang-2 levels, our two hypothesized downstream effectors of HIF-1α, with similar clinical end
points. For these analyses, the Ang-2 variable was log transformed due to a skewed distribution.
Models were adjusted for sex, race, APACHE II score, and HIF-1α genotypes. We also
formally tested for interactions between HIF-1α genotypes and either VEGF-A or Ang-2 for
the outcomes of interest.
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All statistical analyses were performed using the SAS software (SAS Institute, Cary, NC, USA)
version 9.1. All P-values are twosided, and a P-value of less than 0.05 was considered
significant.
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Figure 1.
Multiple organ failure (MOF) score stratified by HIF-1α̣ genotypes. P = 0.04 by x2-test.
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Figure 2.
(2A) Plasma vascular endothelial growth factor-A (VEGF-A) and (2B) plasma Ang-2 level
stratified by HIF-1α̣genotypes. The data are presented as mean (SE) values that are adjusted
for the white blood cell and platelet counts. * P = 0.006 vs. CC genotype.
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Figure 3.
Restrictive cubic spline depicting the unadjusted relationship (with 95% confidence intervals)
of (3A) plasma vascular endothelial growth factor-A (VEGF-A) (P = 0.39) and (3B) plasma
angiopoietin-2 (P < 0.0001) with predicted probability of dialysis requirement or in-hospital
death.
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Table 1

Characteristics of patients with AKI stratified by HIF-1α exon 12 (+85) genotypes

Characteristic HIF-1α exon 12 (+85) genotypes P value

CC (N = 180) CT (N = 56) TT (N = 5)

Age (years) 64 (16) 67 (16) 74 (14) 0.15

Male sex (%) 54 48 40 0.61

Race (%) 0.62

  White 90 91 100

  Black 7 4 0

  Other 3 5 0

Contributing cause of AKI (%) 0.54

  Ischemic 28 20 60

  Nephrotoxic 16 21 0

  Septic 9 11 0

  Multifactorial/other 47 48 40

Coexisting conditions (%)

  Diabetes mellitus 42 48 60 0.52

  Heart failure 14 18 0 0.53

  Cirrhosis 8 7 0 0.93

  Chronic lung disease 19 16 20 0.88

  Chronic kidney disease 32 38 20 0.61

ICU setting (%) 74 75 80 0.96

APACHE II score 20 (6) 20 (7) 21 (8) 0.78

Sepsis (%) 43 48 60 0.60

Shock (%) 24 41 60 0.01

Serum creatinine (mg/dl)

  Baseline value 1.6 (0.6) 1.5 (0.6) 1.4 (0.7) 0.75

  Enrollment value 3.7 (2.0) 3.6 (1.9) 2.4 (0.5) 0.33

Oliguria (%) 23 16 20 0.61

The values are expressed as means (and standard deviations) or percentages.
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Table 2

Outcomes of patients with AKI stratified by HIF-1α exon 12 (+85) genotypes

Characteristic HIF-1α exon 12 (+85) genotypes P value

CC (N = 180) CT (N = 56) TT (N = 5)

Requirement for assisted mechanical ventilation (%) 22 32 60 0.05

Persistent mechanical ventilation at hospital
discharge (%)

14 23 40 0.09

Dialysis requirement (%) 37 55 60 0.03

In-hospital death (%) 22 32 20 0.27

Dialysis requirement or in-hospital death (%) 43 70 60 0.002

Assisted mechanical ventilation or dialysis
requirement (%)

46 68 80 0.008

Assisted mechanical ventilation, dialysis
requirement, or in-hospital death (%)

48 75 80 0.001

The values are expressed as means (and standard deviations) or percentages.
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Table 3

Association of HIF-1α exon 12 (+85) genotypes with adverse clinical outcomes in patients with AKI

HIF-1α CT/TT genotypes (vs. CC genotype) OR 95% CI P value

In-hospital death

  Unadjusted 1.64 0.86, 3.13 0.14

  Adjusted for race, sex, and APACHE II score 1.53 0.72, 3.29 0.27

  Adjusted for race, sex, APACHE II score, and shock 1.49 0.69, 3.24 0.31

Dialysis requirement or in-hospital death

  Unadjusted 2.89 1.56, 5.36 < 0.001

  Adjusted for race, sex, and APACHE II score 3.61 1.77, 7.39 < 0.001

  Adjusted for race, sex, APACHE II score, and shock 3.87 1.87, 8.01 < 0.001

Assisted mechanical ventilation or dialysis requirement

  Unadjusted 2.58 1.39, 4.78 0.003

  Adjusted for race, gender, and APACHE II score 3.39 1.60, 7.19 0.001

  Adjusted for race, sex, APACHE II score, and shock 3.67 1.70, 7.89 0.001

Assisted mechanical ventilation, dialysis requirement, or in-hospital death

  Unadjusted 3.28 1.71, 6.29 0.0004

  Adjusted for race, gender, and APACHE II score 4.74 2.16, 10.43 0.0001

  Adjusted for race, sex, APACHE II score, and shock 4.73 2.14, 10.47 0.0001

95% CI denotes the 95% confidence interval for the odds ratio (OR)
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