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Abstract

Objective—Determine the long-term cardiovascular-specific mortality in patients with acute
kidney injury (AKI) or chronic kidney disease (CKD) after major surgery.

Summary Background Data—In surgical patients, preexisting CKD and postoperative AKI
are associated with increases in all-cause mortality.

Methods—In a single-center cohort of 51,457 adult surgical patients undergoing major inpatient
surgery, long-term cardiovascular-specific mortality was modeled using a multivariable
subdistributional hazards model while treating any other cause of death as a competing risk and
accounting for the progression to end-stage renal disease (ESRD) after discharge. Preexisting
CKD and ESRD and postoperative AKI were the main independent predictors.

Results—Prior to the admission, 4% and 8% of the cohort had preexisting ESRD and CKD not
requiring renal replacement therapy, respectively. During hospitalization, 39% developed AKI. At
10-year follow-up, adjusted cardiovascular-specific mortality estimates were 6%, 11%, 12%, 19%
and 27% for patients with no kidney disease, AKI with no CKD, CKD with no AKI, AKI with
CKD, and ESRD, respectively (P<0.001). This association remained after excluding 916 patients
who progressed to ESRD after discharge although it was significantly amplified among them.
Compared to patients with no kidney disease, adjusted hazard ratios for cardiovascular mortality
were significantly higher among patients with kidney disease ranging from 1.95 (95% ClI,
1.80-2.11) for patients with de novo AKI to 5.70 (Cl, 5.00-6.49) for patients with preexisting
ESRD.
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Conclusions—Both acute kidney injury and chronic kidney disease were associated with higher
long-term cardiovascular-specific mortality compared to patients with no kidney disease.
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INTRODUCTION

Acute kidney injury (AKI) is independently associated with the development of chronic
kidney disease (CKD), end-stage renal disease (ESRD), and increased all-cause mortality.1-8
The severity of the renal insult and the development of multiple AKI episodes increase the
risk of occurrence of these outcomes.> 7:8

All severity stages of CKD, from mild disease to the dialysis dependent ESRD, are
associated with an increase in cardiovascular risk and mortality.® Furthermore, both a
decline in estimated glomerular filtration rate (eGFR) and albuminuria are important
determinants of longevity in the general population.1? Recent studies suggested AKI as a
risk factor for cardiovascular disease either through progression to CKD or through
independent mechanisms.11: 12 Patients with AKI had increased risk for subsequent
congestive heart failure, coronary artery disease, and de novo stroke, regardless of
progression to CKD.13-15 patients hospitalized for myocardial infarctions whose stay was
complicated by the AKI were more likely to have a subsequent admission for an adverse
cardiac event compared to those patients who did not develop AKI.11

In surgical patients, CKD is an important risk factor for thirty-day mortality16 and
postoperative AKI is associated with increase in all-cause mortality.1”-20 Previous studies in
surgical patients were focused on all-cause mortality rather than cardiovascular causes with
assumption that progression to ESRD is the underlying mechanism for observed mortality
increase.12 Furthermore, since patients with kidney disease often have a decrease in
hemoglobin levels, and chronic and acute anemia in the perioperative setting increase the
risk for adverse outcomes, 2 it is important to delineate whether their effects are
interrelated.22

In a large, single center cohort of surgical patients, we examined the long-term
cardiovascular-specific mortality in patients with either acute or chronic kidney disease
while adjusting for demographic characteristics, comorbidity burden, operative variables,
admission hemoglobin levels, progression to ESRD and other competing causes of death.

MATERIALS AND METHODS

Data source and participants

Using the University of Florida Integrated Data Repository we have previously assembled a
single-center cohort of patients age greater or equal to 18 years admitted to the hospital for
longer than 24 hours following any type of inpatient operative procedure between January 1,
2000 and November 30, 2010.17 For patients with multiple surgeries we chose the first
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Deaths

procedure. After excluding patients with missing serum creatinine (n=6636) the final cohort
consisted of 51,457 patients. The study was approved by the Institutional Review Board and
Privacy Office of the University of Florida.

The main outcome of the study was the cardiovascular-specific death with any other cause of
death being treated as a competing risk. For the secondary analysis the cancer-specific death
was treated as the main cause of death in a competing risk model. The date of death was
determined using hospital records, the Social Security Death Index (SSDI) and Florida
Bureau of Vital Statistics. The survival time was calculated from the admission date to the
date of death from any cause or the date at which the patient was last known alive. We used
full name, birth date, and social security number to search the SSDI in July 2014 to assess
survival through January 31, 2014 that was also the date of data censoring for patients who
were last known to be alive. Primary cause of death was obtained from death certificates
from the Florida Bureau of Vital Statistics using a matching algorithm that utilized full
name, date of birth and date of death. About 10% of non-survivors did not have matching
cause of death likely reflecting death records from other states. Since November 2011 Social
Security Administration has imposed changes mandating that states were no longer
permitted to share data on deaths in SSDI.23 To determine whether this change affected our
analyses we performed sensitivity analysis by censoring all patients known to be alive or
who had died after October 31, 2011 on that day and by excluding records without cause of
death from analysis. Using the International Classification of Diseases, Tenth Revision (ICD
10) for the primary cause of death on the death certificate we classified deaths into
cardiovascular-specific (ICD-10 codes 100-199, Q20-Q28, E10-E14, NOO-NO08, N10-N16,
N17-N19), cancer-specific (codes C00-C97), and all other causes. We included diabetes and
kidney disease into the expanded cardiovascular-specific category to capture deaths related
to CKD but traditionally not classified as cardiovascular as previously reported.® For
sensitivity analysis we used alternative approach reported for general population.24 25

Definition of kidney disease and covariates

The main covariate of interest was the occurrence of acute or chronic kidney disease during
the index hospitalization. For all patients we calculated a reference eGFR using standardized
reference serum creatinine, sex, race, and age.2% For the reference creatinine we used the
minimum of values available within six months prior to admission or the minimum and
mean of the creatinine values available within seven days prior to admission (used for
sensitivity analyses).2” Patients with CKD and ESRD prior to admission were identified
using the validated combination of ICD-9-CM codes.8 Patients with CKD were stratified
using reference eGFR without criteria for albuminuria into mild to moderate (eGFR = 30
ml/min/1.73 m2) and severe chronic kidney disease (eGFR < 30 ml/min/1.73 m2) according
to guidelines.2? We defined AKI using the Kidney Disease: Improving Global Outcomes
(KDIGO) criteria as at least a 50% or 0.3 mg/dl increase in serum creatinine relative to the
reference value and stratified AKI severity based on the maximum change in serum
creatinine during hospitalization.3% Progression to ESRD after discharge was determined by
linking records of discharged patients with the United States Renal Data System (USRDS)
database using their matching algorithm. Time to ESRD was calculated from the discharge
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date to the date of the first ESRD Service.3! Patients whose primary surgery was renal
transplant were excluded from analysis. The presence of underlying comorbidities was
identified by validated 1CD-9-CM codes and using the Charlson-Deyo comorbidity index.32
We defined postoperative complications using previously described criteria.18 We classified
all surgeries as cardiothoracic, non-cardiac general and vascular, neurologic, specialty
(orthopedic, gynecological, otorhinolaryngology, urology and plastic) and other surgery
(burn, transplantation and trauma). We categorized admission hemoglobin values into
missing, < 8 g/dl, 8-9.9 g/dl, 10-11.9 g/dl and =12 g/dl. The thresholds were developed after
constructing spline function of hemoglobin values and the risk of mortality in univariate
analysis and are similar to previously used values in patients with kidney disease.22

Statistical Analysis

The analytical plan followed the STROBE recommendations.33 Kaplan-Meier estimates
were used to calculate cumulative survival probabilities for all-cause mortality. We used the
proportional subdistribution hazards regression analyses to model a) cardiovascular and
cancer-specific mortality while treating any other cause of death as a competing risk and b)
progression to ESRD while treating death from any cause prior to ESRD as a competing
risk.34 The application of the regression modeling directly on a cumulative incidence
function allows the best estimation of the effect of covariates in the model.3® In addition to
the occurrence of kidney disease each model was adjusted for preoperative demographics
covariates, Charlson comorbidity index, emergent surgery status, surgery type, and
admission day hemoglobin level. Adjusted hazards ratios with 95% confidence intervals
(95% CI) were reported for each covariate in the model. We plotted unadjusted and adjusted
model-based cumulative incidence functions of the cardiovascular and cancer-specific
mortality and ESRD progression by kidney disease and severity stages for the entire cohort
and for patients grouped by gender and age and by surgery type. We used independent
validation datasets created with a bootstrap cross-validation method for internal validation
and to assess prediction accuracy of the models. The models were trained on 100 bootstrap
samples that were drawn with replacement of 60% of the original data and were validated in
the bootstrap samples that did not contain any observations from the training datasets. We
compared the discriminative power of competing risk models between training and cross-
validation datasets using the adaptation of Harrell's concordance probability to the
competing risk setting by calculating the C-index with 95% CI for both training and
validation datasets.3¢ Sensitivity analyses were performed by running the competing risk
models after censoring all patients who were last known to be alive or who had died after
October 31, 2011, using alternative classification for cardiovascular cause of death,
excluding patients with unknown cause of death, using different methods for missing
hemoglobin values and reference serum creatinine, by including individual comorbidities
instead of Charlson-Deyo comorbidity index and by adding total number of postoperative
complications as a covariate. All significance tests were two-sided with a p-value<0.05
considered statistically significant. Statistical analyses were performed with R 3.2.0 (cmprsk
and pec packages)3” and SAS (v.9.3, Cary, N.C.).
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RESULTS

Baseline characteristics

Overall 44% of the 51,457 surgical patients had evidence of either chronic or acute kidney
disease during hospitalization (Table 1 and SDC Table 1 and 2). At the time of admission,
4% and 8% of the cohort had documented history of ESRD and CKD not requiring renal
replacement therapy, respectively. Among patients with CKD, 30% (1215/4024) presented
with severe disease (eGFR < 30 ml/min per 1.73m2). During hospitalization 39% of patients
developed AKI and the majority of them did not have a history of CKD prior to admission.
Patients with severe CKD were more likely to develop AKI compared to those with mild to
moderate disease (p<0.001). African-American ethnicity was more common among patients
with CKD and ESRD prior to admission. Patients with acute or chronic kidney disease were
more likely to be older males and to have multiple comorbidities compared to patients with
no kidney disease. Emergent surgery was more common among patients with AKI and those
who had ESRD prior to admission.

All-cause mortality, cause of death, and progression to end-stage renal disease

The median follow-up time for the cohort was seven years (interquartile range 5 to 10 years).
Overall survival rates for all-cause mortality among patients with any type of kidney disease
were significantly lower compared to patients with no kidney disease (p<0.0001). At 10-year
follow-up, cumulative survival probability for the group with no kidney disease was 75%,
whereas it ranged between 39% and 55% for patients with kidney disease (SDC Figure 1).
The top two causes of all deaths were cancer (5051/15247, 33%) and cardiovascular diseases
(4269/15247, 28%). Cardiovascular disease accounted for more deaths among patients with
any type of kidney disease compared to 18% among patients with no kidney disease
(p<0.0001) ranging from 29% for patients with AKI and no CKD, 35% for patients with
CKD but no AKI, 45% for those with CKD and AKI during admission, and 55% for ESRD
patients when). In contrast, cancer accounted for fewer deaths among patients with kidney
disease compared to those without (SDC Figure 1).

Among patients without prior history of ESRD who were discharged alive, 916 (1.9%)
progressed to ESRD after discharge: 0.3% among patients with no known kidney disease,
2.0% among patients with de novo AKI, 7.4% among patients with CKD and no AKI during
admission and 18.9% among CKD patient who developed AKI after surgery. When death
from any cause was treated as a competing risk, adjusted ESRD progression estimates at 10-
year follow-up were 0.4%, 2.3%, 7.3% and 15.7% for patients with no kidney disease, AKI
with no CKD, CKD with no AKI, and AKI with CKD, respectively (P<0.001 compared to
no kidney disease group, Figure 1A). The rates of progression to ESRD were increased with
increasing severity of CKD and AKI (Figure 1B).

Cardiovascular-specific mortality and Competing Risk Models

Both unadjusted and adjusted cumulative cardiovascular-specific mortality rates were
significantly higher among patients with any type of kidney disease compared to those
without (Figure 2 and SDC Figure 2). This association remained after excluding the patients
who progressed to ESRD (SDC Figure 3A). At 10-year follow-up, adjusted cardiovascular-
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specific mortality estimates were 6%, 11%, 12%, 19% and 27% for patients with no kidney
disease, AKI with no CKD, CKD with no AKI, AKI with CKD, and ESRD respectively
(P<0.001 compared to no kidney disease group). Among small proportion of cohort who
progressed to ESRD cardiovascular-specific mortality rates were amplified in all groups and
comparable to the rates for patients with ESRD prior to surgery (SDC Figure 3B). In
contrast, at 10-year follow-up adjusted cancer-specific mortality rates were lower among
patients with kidney disease and ranged from 13%, 13%, 7%, 5% and 2% for patients with
no kidney disease, AKI with no CKD, CKD with no AKI, AKI with CKD, and ESRD,
respectively (SDC Figure 4). At 10 years, cumulative incidence rates for progression to
ESRD and cardiovascular mortality among patients with CKD and AKI exceeded the
cumulative incidence rate for cancer mortality (Table 2).

The unadjusted and adjusted cardiovascular-specific mortality rates associated with kidney
disease remained increased when cohort was stratified by age, gender and surgery type
(Figure 3 and SDC Figure 5 and 6). Even younger, premenopausal women with kidney
disease had increase in cardiovascular mortality (at 10-year follow-up, adjusted
cardiovascular-specific mortality estimates were 1%, 5%, 8%, 10% and 10% for patients
with no kidney disease, AKI with no CKD, CKD with no AKI, AKI with CKD, and ESRD,
respectively, P<0.001). The risk for cardiovascular-specific mortality was amplified by age
for both women and men. At 10-year follow-up among patients > 65 years, adjusted
cardiovascular-specific mortality estimates for females and males were 11-13%, 19-20%,
17-20%, 30-32% and 42-50% for patients with no kidney disease, AKI with no CKD, CKD
with no AKI, AKI with CKD, and ESRD respectively (P<0.001 compared to no kidney
disease group).

Compared to patients with no kidney disease, the adjusted hazard ratios for cardiovascular-
specific mortality were significantly higher among patients with kidney disease, ranging
from 1.95 (95% Cl, 1.80-2.11) for patients with de novo AKI to 5.70 (95% Cl, 5.00-6.49)
for patients with ESRD prior to admission. This significant association was preserved in
sensitivity analyses with inclusion of individual comorbidities and postoperative
complications in the model (Table 3). The adjusted hazards of cardiovascular-specific
mortality increased with increasing severity of both AKI and CKD (Table 4). Age,
admission comorbidities and hemoglobin level below 12 g/dl, emergent surgery status and
surgery type were significantly associated with cardiovascular mortality.

For internal validation of the study we tested the performance of the models in validation
cohorts and performed several sensitivity analyses. The multivariable competing risk models
performed well with C-index values of 0.84 (95% CI, 0.83-0.85), 0.81 (95% ClI, 0.80-0.82),
and 0.79 (95% ClI, 0.78-0.80) at 1, 5, and 10 years, respectively in the validation datasets.
Similar performance was observed for the competing risk models that included severity of
kidney disease stages with C-index values of 0.85 (95% CI, 0.84-0.86), 0.81 (95% Cl,
0.80-0.83), and 0.79 (95% CI, 0.78-0.80) at 1, 5, and 10 years, respectively. No significant
difference was found between the C-indices of competing risk models applied to training
and validation cohorts (p>0.05). The slight decrease in C-index over time was likely due to
the fact that earlier events are easier to predict than later events.36 Sensitivity analyses
demonstrated no significant difference among multivariable models after censoring patients
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on October 31, 2011, excluding missing causes of death or after using different definitions
for cardiovascular cause of death and reference creatinine or after imputing missing
hemoglobin values (P>0.05 for all comparisons).

DISCUSSION

In a large single-center cohort of surgical patients, both acute kidney injury and chronic
kidney disease were associated with up to a four-fold increase in long-term cardiovascular-
specific mortality compared to patients with no kidney disease. This association was
independent of the progression to ESRD after discharge although patients who progressed
had larger increase in cardiovascular mortality. The increasing cardiovascular mortality was
proportional to the severity of kidney disease independent of patients’ age, gender,
comorbidity burden on admission, other postoperative complications or the type of operation
in the cohort that included a wide range of major surgical procedures, including non-cardiac
and specialty surgeries. The development of postoperative AKI, in either the presence or
absence of underlying CKD, was independently associated with long-term cardiovascular-
specific mortality. Even patients with mild AKI had a 76% increase in the adjusted hazard
for cardiovascular-specific mortality. While de novo AKI was four times more common than
CKD, occurring in 33% of the cohort, it was associated with a comparable two-fold increase
in cardiovascular-specific mortality compared to patients with no kidney disease. Patients
with AKI superimposed on underlying CKD comprised a smaller proportion of AKI patients
but had a markedly increased cumulative cardiovascular-specific mortality rate of 19%,
almost as high as patients with ESRD. AKI survivors with no previous CKD had five-fold
increase in the rates of ESRD progression compared to patients with no kidney disease and
this association was strengthen by the presence of preexisting CKD as previously reported
among different patient cohorts.3 8. 11. 38 Tg the best of our knowledge this is the first study
to demonstrate that the cardiovascular-specific mortality even in the absence of the
progression to ESRD is the significant contributor to the excessive long-term mortality after
surgery in patients with kidney disease.

Chronic kidney disease, from earlier stages to ESRD, is a well-known risk factor for
cardiovascular disease. The absolute risk for death increases exponentially with decreasing
renal function even among patients without manifest cardiovascular disease. 39 40 After
adjusting for traditional cardiovascular risk factors, the risk gradient for cardiovascular
mortality increased linearly when eGFR decreased below 75 mL/min per 1.73 m2, 10.41 Men
and women with lower levels of kidney function, reflective of CKD, have a substantial and
progressive reduction in overall life expectancy ranging from 1.3 to 21.3 years depending on
age and eGFR, specifically due to cardiovascular disease.? 42 43 Importantly, individuals
with earlier stages of CKD are more likely to die of cardiovascular disease than to develop
kidney failure and require dialysis.® 10: 41 Once developed, ESRD is associated with an up
to thirty times higher cardiovascular mortality compared to the general population.4
Unfortunately, commonly used guidelines on the management of cardiovascular risk have
paid only limited attention to CKD as a notable risk factor rendering cardiovascular disease
frequently underdiagnosed and undertreated in these patients.?
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Our data highlight that patients with postoperative AKI, even in the absence of preexisting
CKOD, are susceptible to die from cardiovascular disease at levels comparable to patients
with CKD. The relationship between AKI and cardiovascular disease has been recognized in
hospitalized, cardiac, and vascular patient populations. Hospitalized patients who recovered
from de novo dialysis-requiring AKI are at a high risk of developing nonfatal myocardial
infarctions and of needing coronary angiography procedures and coronary artery bypass
grafting surgery, independent of their progression to CKD and ESRD.3 Studies evaluating
outcomes after isolated coronary artery bypass grafting surgery accounted for preoperative
renal dysfunction in their multivariate survival analyses and have demonstrated that AKI is
independently associated with incident congestive heart failure hospitalization and a
composite outcome consisting of myocardial infarction, heart failure, stroke, and long-term
all-cause mortality.1> 45 Similarly, the occurrence of AKI following coronary angiography is
significantly associated with the next hospitalization for congestive heart failure,
independent of baseline kidney function and proteinuria, but this association was not
significant when myocardial infarctions or cerebrovascular accidents were considered as
outcomes 8. Olsson and colleagues recently demonstrated that AKI without preexisting
CKD 15 was the strongest risk factor for incident hospitalization for congestive heart failure
in isolated coronary artery bypass grafting surgical patients. When superimposed on
preexisting CKD, AKI may exacerbate renal dysfunction and expedite the progression to
ESRD 12 rendering these patients more susceptible to cardiovascular death with mortality
rates comparable to ESRD patients, as demonstrated in our study. Interestingly, the risk for
cardiovascular-specific mortality associated with kidney disease was more pronounced
among older individuals but similar across genders. Liotta and colleagues demonstrated that
the associations between AKI and all-cause long-term mortality was even stronger for
women than for men in cardiac surgical patients who underwent primary, isolated coronary
artery bypass grafting surgery.4®

Since the kidneys act as key regulators of multiple homeostatic mechanisms, kidney-specific
risk factors for cardiovascular disease become more relevant with acutely or chronically
failing kidneys. Apart from hypertension, renal anemia and increased vascular stiffness,
endothelial dysfunction manifested by reduced cardiac capillary density and impaired
coronary dilatory response may be contributory mechanisms for the increased prevalence of
left ventricular hypertrophy, myocardial fibrosis, impaired contractility and the more than
fifty fold increase in incidence of sudden cardiac death in chronic kidney disease patients.
Increased activity of the renin—angiotensin system and sympathetic nerve activity further
impair endothelial function and worsen systemic inflammation and malnutrition.46
Unfortunately standardized follow-up after an episode of AKI is suboptimal in
contemporary clinical practice. Less than 50% of patients with the most severe AKI will
have a follow-up creatinine measured within the first three months of hospitalization, and it
is even less likely that follow-up will be obtained after less severe AKIL.4” Among AKI
survivors with persistent renal dysfunction at discharge the referral rates for outpatient
nephrology consultation are as low as 11%. 4748

We acknowledge the limitation of the retrospective nature of the cohort but with the use of
multivariable adjustments and evaluation of model discrimination on validation datasets we
have attempted to increase the internal validity of the competing risk models. Longitudinal
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studies involving determination of long-term mortality, and especially cause of death, are not
only costly but increasingly difficult to perform 23, Although this is a single-center study
which may elicit questions of generalizability, the site of the study is a large tertiary care
center that receives a large number of referrals from all over the state and hence has a very
heterogeneous patient profile over a wide range of procedures. Furthermore the application
of standard survival analysis leads to bias and risk over-estimation if competing risks are
present and specialized methods as one we used are needed.3 36, Our multivariable
modeling technique is attractive when potentially competing causes of death are present as it
allows subject-specific estimates of the absolute risk of the cardiovascular-specific death
based on a set of covariates.3* To our knowledge no prospective surgical cohort of this size
and heterogeneity had concomitant data on both kidney disease and cardiovascular cause of
death. We had only limited data on urine output or on patients with AKI and preoperative
proteinuria among patients with CKD that could have strengthened our analysis. We used a
combination of ICD-9-CM administrative codes and eGFR on admission to define CKD
status. A recent systematic review demonstrated that although sensitivity for coded CKD
covariates was highly variable, specificity was high, with all studies reporting values above
0.90.4% We have demonstrated that, although increased, progression to ESRD among AKI
patients may not be an only determinant of cardiovascular mortality, just as patients with
mild CKD are more likely to die from cardiovascular disease that to progress to

ESRD.% 10. 41 Some of traditional cardiovascular risk factors were not recorded in our
database —i.e., systolic blood pressure, total cholesterol, HDL and smoking history — and
thus were unable to be included as covariates.?? Patient cardiovascular comorbidity
information, however, was available for previous myocardial infarctions, congestive heart
failure, peripheral vascular disease, cerebrovascular disease, diabetes and hypertension, and
each patients” Charlson-Deyo comorbidity index was calculated and included as a model
covariate.

CONCLUSIONS

In summary, both acute kidney injury and chronic kidney disease commonly occurred during
hospitalization for major surgical procedures and were associated with up to a four-fold
increase in long-term cardiovascular-specific mortality compared to patients with no kidney
disease. This association was proportional to the severity of kidney disease, independent of
gender and amplified by age and progression to ESRD. This information speaks to the
importance of the preoperative determination of kidney health by applying consensus
staging criteria for CKD that uses both eGFR and proteinuria. Similarly, both preoperative
and postoperative risk stratification for AKI using clinical scores and urinary biomarkers can
allow implementation of simple and inexpensive preventive strategies in the perioperative
period that could prevent or mitigate further decline in kidney function. The appropriate
transition of follow-up to the outpatient setting, with emphasis on the prevention of kidney
disease progression and mitigation of cardiovascular risk, is almost absent in contemporary
practice. Our data present compelling evidence that such an effort is both warranted and
justifiable.
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Figure 1.
Adjusted cumulative incidence curves for progression to end stage renal disease (A) by

kidney disease status (B) by severity stages (adjusted for age, gender, ethnicity, Charlson
comorbidity index, emergent surgery status, surgery type, and admission day hemoglobin
level as described in Methods). All groups with acute or chronic kidney disease have
significantly higher hazards ratios compared to no known kidney disease group with
p<0.001.
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Figure2.
Adjusted cumulative incidence curves for cardiovascular-specific mortality by kidney

disease status (adjusted for age, gender, ethnicity, Charlson comorbidity index, emergent
surgery status, surgery type, and admission day hemoglobin level as described in Methods).
All groups with acute or chronic kidney disease have significantly higher hazards ratios
compared to no known kidney disease group with p<0.001.
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Figure 3.

Adjusted cumulative incidence curves for cardiovascular mortality by kidney disease status
after stratification by age and gender (A) Male, aged<50 years (B) Female, aged<50 years
(C) Male, aged 50 to 64 years (D) Female, aged 50 to 64 years (E) Male, aged = 65 years (F)
Female, aged = 65 years. All groups with acute or chronic kidney disease have significantly
higher hazards ratios compared to no known kidney disease group within each strata with
p<0.001 except for CKD with no AKI group for females with age between 50 and 64 years
and males with age<50 years which have p<0.05.
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