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Abstract

Background

Patients with chronic kidney disease (CKD), a precursor of end stage renal disease (ESRD),

face an increasing burden of hospitalizations. Although mortality on dialysis is highest during

the first year, the impact of pre-dialysis acute hospitalizations on clinical outcomes in dialysis

patients remains unknown.

Methods

We evaluated 170,897 adult patients who initiated dialysis between 1/1/2010 and 12/31/

2014 with linked Medicare claims from the United States Renal Data System. Using logistic

regression models, we examined the association of 2-year pre-dialysis hospitalization on

the primary outcome of 1-year all-cause mortality. Secondary outcomes included 90-day

mortality, type of initial dialysis modality and type of vascular access at hemodialysis

initiation.

Results

Mean age was 72.7 ± 11.0 years. In the study sample, 76.0% of patients had at least one

pre-dialysis hospitalization. Compared to patients with no pre-dialysis hospitalization, the

adjusted 1-year mortality was higher with pre-dialysis cardiovascular related hospitalization

(odds ratio [OR], 1.63; 95% confidence interval [CI], 1.57–1.68), infection related hospitali-

zation (OR, 1.51; CI, 1.45–1.57), both cardiovascular and infection hospitalization (OR,

1.91; CI, 1.83–1.99), and neither-cardiovascular nor-infection hospitalization (OR, 1.23; CI,

1.19–1.27). Additionally, the adjusted odds of hemodialysis vs. peritoneal dialysis as the ini-

tial dialysis modality were higher, whereas adjusted odds to initiate hemodialysis with an

arteriovenous access vs. central venous catheter were lower in patients with any type of

hospitalization.
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Conclusion

Pre-dialysis hospitalization is an independent predictor of 1-year mortality in dialysis

patients. Reducing the risk of pre-dialysis hospitalization may provide opportunities to

improve quality of care in ESRD.

Introduction

Approximately 30 million adults in the United States have chronic kidney disease (CKD).

CKD, which can be a precursor to end stage renal disease (ESRD), is associated with high bur-

dens of mortality and cost of care [1–4]. Additionally, patients with ESRD are at a high risk of

morbidity, and experience an annual mortality of 15–20% [4, 5]. Over recent years, the Center

for Medicare and Medicaid Services (CMS) has reformed the payment system for ESRD pro-

grams with a focus on performance. Annual mortality rate, derived from patient characteristics

at the time of dialysis initiation, is a common metric used to compare quality of care and deter-

mine reimbursements across dialysis facilities [6].

One of the major factors affecting morbidity and mortality after dialysis initiation is acute

hospitalization. Several studies have examined the trends and causes of hospitalizations in

ESRD patients receiving dialysis [7–9]. It is recognized that CKD is also associated with an

increased risk of hospitalizations; and the risk of hospitalizations increases with worsening

stages of CKD [10, 11]. It is both plausible and intuitive that patient factors and process of care

factors during the pre-ESRD period will continue to influence outcomes after the initiation of

dialysis. To that effect, studies have shown that patients receiving pre-ESRD nephrology care

are more likely to choose home-based dialysis modalities, have arteriovenous (AV) access for

hemodialysis, and experience improved survival [12–14]. On the other hand, despite the high

risk of hospitalization in CKD patients, no studies have examined the effect of pre-ESRD acute

care hospitalizations on dialysis outcomes. Hence, evaluating the impact of pre-ESRD hospital-

izations on post-dialysis care could fill critical knowledge gaps by providing prognostic infor-

mation at the time of dialysis initiation, and may create new opportunities to improve clinical

care in this specific patient population.

We hypothesized that the types or frequencies of hospitalizations occurring prior to ESRD

would influence dialysis outcomes. We tested this hypothesis by leveraging the unique

strengths of the United States Renal Data Systems (USRDS), which is the largest comprehen-

sive registry of ESRD patients, and linked Medicare claims information for two complete years

prior to incident ESRD. We examined the primary outcome of all-cause 1-year mortality; and

secondary outcomes of mortality at 90-days, choice of initial dialysis modality, and type of vas-

cular access in hemodialysis subjects.

Methods

Designs, setting and participants

We identified all patients with ESRD who initiated dialysis between January 1, 2010 and

December 31, 2014 from the “back-casted” database USRDS, with Medicare Part A and Part B

or Medicare Primary Other as the primary payer for the entire 2 years prior to dialysis initia-

tion and linked Medicare claims data (n = 180,807), and followed them until December 31,

2015. We excluded patients younger than 18 years old, those with history of kidney transplant,

those with inconsistent dates/identifiers, those that had started dialysis more than 3 months
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after or before date of first ESRD service due to discrepant or missing date of first dialysis treat-

ment (n = 5,657), and those with missing information on type of dialysis, dialysis access, gen-

der or cause of ESRD (n = 3,553). This resulted in 170,897 patients available for analysis in our

final study sample. Fig 1 shows the derivation of study cohort. The study was reviewed and

deemed exempt by the University of Cincinnati institutional review board.

Definitions of predictor, outcomes and covariates

The major predictor of interest for all outcomes was the presence or absence of a pre-dialysis

acute care hospitalization. We searched the primary Medicare inpatient claims for all study

participants during the complete two years preceding ESRD using International Classification

of Disease 9th revision Clinical Modification (ICD-9-CM) codes for discharge diagnoses of

hospitalization for an infection or cardiovascular event by using a previously validated method

(S1 Table) [15]. Our study design intended to capture pre-ESRD hospitalizations, and hence

we counted and considered those hospitalizations that concluded pre-incident ESRD. There-

fore, we did not count the index hospitalization, which may have occurred at the time of dialy-

sis initiation. Major predictor of hospitalization status was evaluated in two ways. We

evaluated five groups of patients by primary diagnosis of pre-dialysis hospitalizations: (1) car-

diovascular hospitalizations, (2) infection hospitalizations, (3) both cardiovascular and infec-

tion hospitalizations, (4) neither cardiovascular nor infection hospitalizations, and (5) no

hospitalization. We further evaluated five groups of patients by frequency of pre-dialysis

Fig 1. Flow chart describing the derivation of the study cohort.

https://doi.org/10.1371/journal.pone.0209578.g001
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hospitalizations: 0, 1, 2, 3, and�4. The primary outcome was 1-year all-cause mortality. Sec-

ondary outcomes were 90-day mortality, type of dialysis modality (hemodialysis vs. peritoneal

dialysis [PD]) and type of vascular access during hemodialysis initiation (AV access vs. central

venous catheter [CVC]). Additionally, we determined whether history of pre-dialysis hospitali-

zation was associated with in-hospital dialysis initiation. In-hospital dialysis initiation was

determined by comparing the date of first dialysis initiation against pre-ESRD and ESRD hos-

pitalization dates. Patients were followed until the primary end point or end of the study fol-

low-up period, whichever occurred earlier. “Medical Evidence Form”, CMS-2728 form was

used to ascertain information on demographics, chronic comorbid conditions (congestive

heart failure, atherosclerotic heart disease which included other cardiac disease, hypertension,

diabetes mellitus, cancer, peripheral vascular disease, transient ischemic attack/ cerebrovascu-

lar accident, chronic obstructive pulmonary disease and amputation), laboratory data (serum

albumin and serum hemoglobin), nursing home history, cause of ESRD, provision of trans-

plant information, history of smoking, alcohol use, drug use, employment history, primary

dialysis setting, functional status, and pre-dialysis nephrology care. We defined poor func-

tional status was defined by any of three co-morbid conditions specified in form CMS-2728 –

inability to ambulate, inability to transfer, or need of assistance with daily activities [16]. The

primary cause of death was obtained from form CMS-2746 and divided into the following: car-

diovascular disease, infections, malignancy, withdrawal of dialysis and others/unknown [5].

Statistical analyses

Distributions of categorical variables are expressed as frequencies or percentages, and continu-

ous variables are described using mean and standard deviation (SD). Bivariate comparisons of

subjects who did or did not have a pre-dialysis acute hospitalization were made using t tests,

chi-squared tests, and Fisher exact tests for continuous and categorical variables as appropri-

ate. Statistical significance was set at a two-tailed p-value of 0.05, unadjusted for multiple tests.

We conducted multivariable regression analyses to examine the effects of pre-dialysis hospital-

izations and their causes and frequencies vs. no acute hospitalization, on 1-year mortality, and

secondary outcomes. In addition, the primary outcome of 1-year mortality was analyzed using

a multivariable Cox proportional analysis censored for 1-year of follow up, loss to follow-up

and recovery of renal function. Other covariates included in the regression model specification

process were demographic variables, comorbidities, laboratory data, nursing home history,

ESRD cause and access to transplant information. Multivariable models were constructed by

applying backwards elimination to a set of candidate predictors until all predictors remaining

had P values less than 0.05, adjusted for other predictors left in the model. The risk estimates

were expressed as odds ratios (ORs), hazard ratios (HRs) and their 95% confidence intervals

(95% CIs). Kaplan-Meier methods were used to construct unadjusted survival curves, and the

survival rates of different groups were compared using a log-rank test. Data were analyzed

using SAS (SAS Institute, Cary, NC).

Results

The sample was 54.4% male and 28.1% octogenarian, with a mean age of 72.7 years (SD, 11.0).

The frequencies of hypertension, congestive heart failure, or diabetes mellitus among the

patient population were 87.3%, 41.9%, and 56.8%, respectively. Of the study cohort, 76.0% had

at least one pre-dialysis hospitalization. Among the causes of pre-dialysis hospitalization,

28.4% of patients experienced cardiovascular hospitalization, 12.3% had infection hospitaliza-

tion, 11.3% had both cardiovascular and infection hospitalization and 24.5% had neither

cardiovascular nor infection hospitalization. With regards to frequency of pre-dialysis
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hospitalization, 24.1% experienced 1 hospitalization, 17.2% had 2 hospitalizations, 11.5% had 3

hospitalizations, and 23.7% had� 4 hospitalizations. For those with history of hospitalization

during 2-year pre-ESRD period, mean length of stay in the hospital during all hospitalizations

was 22.7 days (SD, 25.7). Hemodialysis was the initial dialysis modality in 94.3% of patients; its

frequency was 91.2% in patients who did not have a pre-dialysis hospitalization, compared

with 95.3% in those who did have a pre-dialysis hospitalization (P< 0.001). AV access was the

vascular access used for initiation of hemodialysis in 20.0% of patients. Patients with a pre-

dialysis hospitalization had a lower frequency of AV access use for dialysis initiation than with-

out pre-dialysis hospitalization (17.0% vs. 28.0%, p<0.001). Rates of no pre-dialysis nephrol-

ogy care were higher in the group with hospitalization as compared to patients without

hospitalization (24.9% vs. 21.6%, p<0.001). More patients with pre-dialysis hospitalizations

were females and had CHF as comorbidity. Patients with a pre-dialysis hospitalization had

higher rate of low albumin< 3.5 (49.6% vs. 41.7%, p<0.001) and higher rates of low hemo-

globin < 11 (72.2% vs. 68.7%, p< 0.001). Table 1 shows comparison of patient characteristics

across those who had pre-dialysis hospitalization vs. those who did not.

Overall, 1-year all-cause mortality was 30.3%, and 90-day mortality was 11.2%. Both 1-year

mortality and 90-day mortality were higher in patients with any pre-dialysis hospitalization as

compared to patients’ with no pre-dialysis hospitalization (33.2% vs. 20.8%, p<0.001 and

12.5% vs. 7.0%, p<0.001 respectively).

Table 2 shows independent predictors of 1-year mortality in ESRD patients from a multi-

variable regression model. Patients with any hospitalization were at a higher risk of death

within 1 year than those who did not have a pre-dialysis hospitalization. Compared with no

pre-dialysis hospitalization, patients had a higher odds of dying within 1 year with cardiovas-

cular hospitalization (OR, 1.63; 95% CI, 1.57–1.68), infection hospitalization (OR, 1.51; 95%

CI, 1.45–1.57), both infection and cardiovascular hospitalization (OR, 1.91; 95% CI, 1.83–1.99)

and neither-cardiovascular nor-infection hospitalization (OR, 1.23; 95% CI, 1.19–1.27) (Fig

2A). Additional factors associated with higher risk of 1-year mortality included presence of

specific comorbidities like congestive heart failure and peripheral vascular disease, absence of

pre-dialysis nephrology care, presence of nursing home history, male gender, white race, low

albumin, and lack of access to transplant information. In a separate regression model, which

examined the effect of multiple pre-dialysis hospitalizations, each hospitalization increased the

risk of dying, independent of other covariates. Compared with no pre-dialysis hospitalization,

patients had higher odds of dying within 1 year with 1 pre-dialysis hospitalization (OR, 1.20;

95% CI, 1.16–1.24); 2 pre-dialysis hospitalizations (OR, 1.39; 95% CI, 1.34–1.45); 3 pre-dialysis

hospitalizations (OR, 1.60; 95% CI, 1.53–1.66) and� 4 pre-dialysis hospitalizations (OR, 1.95;

95% CI, 1.89–2.02) (Fig 2B). The adjusted odds of 90-day mortality were also higher in

patients with any type hospitalization, (Fig 2A) or with� 1 hospitalization (Fig 2B).

The results of the Cox proportional hazards model for 1-year mortality were aligned with

the results from the logistic regression for 1-year mortality. Compared with no pre-dialysis

hospitalization, patients had a higher hazards of dying within 1 year with cardiovascular hospi-

talization (HR, 1.48; 95% CI, 1.44–1.52), infection hospitalization (OR, 1.41; 95% CI, 1.36–

1.45), both infection and cardiovascular hospitalization (OR, 1.64; 95% CI, 1.59–1.70) and nei-

ther-cardiovascular nor-infection hospitalization (OR, 1.19; 95% CI, 1.15–1.22). In a separate

Cox proportional hazards regression model, which examined the effect of multiple pre-dialysis

hospitalizations, each hospitalization increased the hazard of dying, independent of other

covariates. Compared with no pre-dialysis hospitalization, patients had higher odds of dying

within 1 year with 1 pre-dialysis hospitalization (OR, 1.17; 95% CI, 1.14–1.21); 2 pre-dialysis

hospitalizations (OR, 1.32; 95% CI, 1.28–1.36); 3 pre-dialysis hospitalizations (OR, 1.45; 95%

CI, 1.41–1.50) and� 4 pre-dialysis hospitalizations (OR, 1.67; 95% CI, 1.63–1.72). Fig 3A
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Table 1. Baseline characteristics of the study cohort stratified by presence and absence of pre-dialysis hospitalization.

Variable All No Pre-dialysis Hospitalization Any Pre-dialysis Hospitalization P Value

Number of Subjects, n (%) 170,897 40,214 (24.0) 130,683 (76.0)

Age (year) 72.7 (11.0) 73.3 (10.4) 72.5 (11.1) <0.001

Age category, % <0.001

18–29 0.2 0.1 0.2

30–39 1 0.7 1

40–49 2.8 2.3 2.9

50–59 7.6 6.5 8

60–69 21.2 20.9 21.2

70–79 39.2 41 38.6

80–89 25.5 25.9 25.4

90–100 2.6 2.6 2.6

Octogenarians, % 28.1 28.4 28 0.125

Male, % 54.4 57.3 53.5 <0.001

Race, % <0.001

White 65.3 63 66

Black 21.4 20.9 21.5

Hispanic 8.8 9.8 8.5

Asian 3.6 5.3 3

Native American 0.8 0.8 0.8

Others/Unknown 0.1 0.2 0.1

Body mass index, kg/m2 29.0 (7.8) 28.8 (7.5) 29.0 (8.0) <0.001

Body mass index category, % <0.001

<18.5 30.7 30.7 30.6

18.5–24.9 28.7 30 28.3

25–29.9 36.3 35.2 36.6

�30 3.6 3.4 3.6

Missing 0.8 0.7 0.8

Comorbidities, %

Congestive heart failure 39 25.5 43.2 <0.001

Atherosclerotic hearth disease 41.9 33.2 44.6 <0.001

Hypertension 87.3 89.1 86.7 <0.001

Diabetes mellitus 56.8 52 58.3 <0.001

Cancer 10.2 9.8 10.3 0.005

Amputations 3.3 2.2 3.7 <0.001

Peripheral vascular disease 15.8 12.2 16.8 <0.001

CVA/TIA 11.5 9 12.3 <0.001

COPD 13.8 9 15.2 <0.001

Cause of ESRD, % <0.001

Diabetes mellitus 44.6 41.4 45.6

Hypertension/LVD 34.4 37.2 33.5

Malignancy 2.6 2.7 2.6

Cystic/Hereditary 1.3 2.1 1

Vasculitis/secondary GN 1.2 1.4 1.2

GN 3.7 4.8 3.4

Interstitial nephritis/pyelonephritis 2.9 3 2.8

Others/Unknown 9.3 7.5 9.9

Current smoker, % 5 5.2 5 0.051

(Continued)
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Table 1. (Continued)

Variable All No Pre-dialysis Hospitalization Any Pre-dialysis Hospitalization P Value

Alcohol use, % 1 0.8 1.1 <0.001

Drug use, % 0.5 0.4 0.6 <0.001

Initial modality, % <0.001

Hemodialysis 94.3 91.2 95.3

Peritoneal dialysis 5.7 8.8 4.7

Primary dialysis setting, % <0.001

Dialysis facility 93 90.5 93.7

Home 5.9 9 5

Skilled nursing facility 1.1 0.4 1.3

Hemodialysis access, % <0.001

AV access 20 28 17

Central venous catheter 80 72 83

Maturing AV access, among those with CVC 19 19 19 0.162

Pre-dialysis nephrology care, % <0.001

None 24.1 21.6 24.9

<12 months 32.2 30.9 32.6

>12 months 30.3 36.5 28.4

Unknown 13.4 11 14.2

Laboratory variables from first 45-day period from date of first dialysis

Albumin, mg/dl 3.2 (5.0) 3.4 (5.5) 3.2 (4.8) <0.001

Albumin category, % <0.001

<3.5 47.7 41.7 49.6

� 3.5 23.8 30.5 21.7

Missing 28.5 27.8 28.7

Hemoglobin, g/dl 9.9 (13.0) 10.2 (17.0) 9.9 (11.5) 0.002

Hemoglobin category, % <0.001

<11 71.4 68.7 72.2

11–12 10.6 11.9 10.2

>12 5.8 6.9 5.5

Missing 12.2 12.5 12.1

Employment Status, % <0.001

Unemployed 12.1 11.6 12.2

Retired due to age 63.3 64.9 62.7

Retired due to disability 20 18.1 20.6

Employed/others 4.7 5.4 4.5

Access to transplant information, % 74.8 77.5 73.9 <0.001

Survival in months a 23.9 (18.0) 28.0 (18.4) 22.7 (17.7) <0.001

90-day mortality, % 11.2 7 12.5 <0.001

1-year mortality, % 30.3 20.8 33.2 <0.001

Cause of death, % <0.001

Cardiovascular 35.6 35 35.7

Infection 8.4 8.2 8.4

Malignancy 3.8 4.8 3.6

Withdrawal of dialysis 14.7 15.3 14.6

(Continued)
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Table 1. (Continued)

Variable All No Pre-dialysis Hospitalization Any Pre-dialysis Hospitalization P Value

Unknown/others 37.5 36.7 37.7

Data are presented in mean (SD), or proportion where appropriate. CVA/TIA, cerebrovascular accident/transient ischemic attack; COPD, chronic obstructive

pulmonary disease; AV, arteriovenous; CVC, central venous catheter; LVD, large vessel disease; GN, glomerulonephritis
a censored on December 31, 2015

https://doi.org/10.1371/journal.pone.0209578.t001

Table 2. Independent variable predictors of 1-year mortality in the final regression model.

Variablea Odds ratio (95% CI) P Value

Type of hospitalization <0.001

No hospitalization Reference

Cardiovascular 1.63 (1.57, 1.68)

Infection 1.51 (1.45, 1.57)

Both cardiovascular and infection 1.91 (1.83, 1.99)

Neither cardiovascular nor infection 1.23 (1.19, 1.27)

Age�80 years 1.64 (1.60, 1.68) <0.001

Body mass index, kg/m2 <0.001

<18.5 1.84 (1.74, 1.95)

18.5–24.9 1.35 (1.31, 1.39)

25–29.9 1.13 (1.10, 1.17)

>30 Reference

Missing 1.30 (1.15, 1.47)

Females 0.94 (0.92, 0.96) <0.001

Race <0.001

White Reference

Black 0.68 (0.66, 0.70)

Hispanic 0.66 (0.63, 0.68)

Asian 0.59 (0.56, 0.63)

Native American 0.72 (0.63, 0.82)

Unknown/Other 1.37 (1.04, 1.82)

Poor functional status 1.43 (1.39, 1.47) <0.001

History of nursing home 1.70 (1.64, 1.77) <0.001

Congestive heart failure 1.32 (1.29, 1.36) <0.001

Atherosclerotic hearth disease 1.12 (1.10, 1.15) <0.001

Hypertension 0.75 (0.73, 0.78) <0.001

Diabetes mellitus 0.94 (0.92, 0.97) <0.001

Cancer 1.35 (1.30, 1.40) <0.001

Peripheral vascular disease 1.09 (1.06, 1.12) <0.001

COPD 1.21 (1.18, 1.25) <0.001

Smoking history 0.91 (0.86, 0.96) 0.001

Alcohol use 1.26 (1.13, 1.40) <0.001

Drug abuse 0.77 (0.65, 0.90) 0.002

Unemployed 0.94 (0.91, 0.98) 0.001

Albumin, mg/dl <0.001

<3.5 1.43 (1.39, 1.48)

�3.5 Reference

Missing 1.34 (1.30, 1.39)

(Continued)
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represents unadjusted survival curves for patients with and without pre-dialysis acute hospital-

ization by type, censored on 31 December 2015. Fig 3B represents unadjusted survival curves

for patients without pre-dialysis hospitalization and those with multiple episodes of pre-dialy-

sis hospitalization, censored on December 31, 2015.

In the study cohort, 63.9% of patients with pre-dialysis hospitalization received in-hospital

dialysis initiation as compared to 56.9% with no history of pre-dialysis hospitalization. Com-

pared with patients with no pre-dialysis hospitalization, patients had higher odds of in-hospital

dialysis initiation with history of pre-dialysis cardiovascular hospitalization (OR, 1.11; 95% CI,

1.08–1.49), infection hospitalization (OR, 1.08; 95% CI, 1.04–1.12), and both cardiovascular

and infectious hospitalization (OR, 1.12; 95% CI, 1.08–1.65) (Table 3).

Next, we looked at the secondary outcome of hemodialysis as the initial dialysis modality in

patients with ESRD. Cardiovascular, infection, both cardiovascular and infection, and neither

cardiovascular nor infection pre-dialysis hospitalization increased the risk of hemodialysis vs.

peritoneal dialysis as the initial dialysis modality, as compared to those with no pre-dialysis

hospitalization (OR, 1.34; 95% CI, 1.27–1.42; OR, 1.67; 95% CI, 1.54–1.82; OR, 1.68; 95% CI,

1.53–1.84; and OR, 1.19; 95% CI, 1.12–1.25 respectively) (Fig 4A). In a separate model, com-

pared with no pre-dialysis hospitalization, patients had higher odds of using hemodialysis as

Table 2. (Continued)

Variablea Odds ratio (95% CI) P Value

Hemoglobin, g/dl <0.001

<11 0.86 (0.82, 0.90)

11–12 0.93 (0.88, 0.99)

>12 Reference

Missing 0.96 (0.90, 1.01)

Dialysis access <0.001

Hemodialysis AV access Reference

Central venous catheter 1.85 (1.79, 1.91)

Peritoneal dialysis 1.29 (1.21, 1.37)

Cause of ESRD <0.001

Diabetes mellitus Reference

Hypertension/LVD 1.08 (1.05, 1.11)

Malignancy 2.00 (1.86, 2.14)

Cystic/hereditary 0.72 (0.64, 0.81)

Vasculitis/secondary GN 1.02 (0.92, 1.13)

GN 0.83 (0.78, 0.89)

Interstitial nephritis/pyelonephritis 0.93 (0.86, 0.99)

Others/Unknown 1.29 (1.24, 1.35)

Pre-dialysis nephrology care <0.001

None Reference

0–12 months 0.83 (0.81, 0.85)

>12 months 0.70 (0.68, 0.73)

Unknown 1.11 (1.07, 1.15)

Access to transplant information 0.76 (0.74, 0.78) <0.001

aFactors included in the model but not found to be significant in incident ESRD patients included insurance

coverage, amputation and CVA/TIA.

CVA/TIA, cerebrovascular accident/ transient ischemic attack; COPD, chronic obstructive pulmonary disease; AV;

arteriovenous, LVD, large vessel disease; GN, glomerulonephritis

https://doi.org/10.1371/journal.pone.0209578.t002
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Fig 2. Association of pre-dialysis hospitalization with 1-year and 90-day mortality for initiation of hemodialysis among

patients with ESRD. Adjusted odds ratio for 1-year mortality and 90-day mortality by (A) type of pre-dialysis
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the initial dialysis modality with 1 hospitalization (OR, 1.19; 95% CI, 1.13–1.26), 2 hospitaliza-

tions (OR, 1.29; 95% CI, 1.21–1.38), 3 hospitalizations (OR, 1.43; 95% CI, 1.32–1.55); and� 4

hospitalizations (OR, 1.73; 95% CI, 1.61–1.85) (Fig 4B).

Finally, we examined the secondary outcome of use of AV access vs. CVC in ESRD patients

with hemodialysis as the initial dialysis modality. Patients had lower adjusted odds of using

AV access with pre-dialysis cardiovascular hospitalization (OR, 0.65; 95% CI, 0.63–0.68), infec-

tion hospitalization (OR, 0.67; 95% CI, 0.64–0.71), both cardiovascular and infection hospitali-

zation (OR, 0.60; 95% CI, 0.57–0.63), and neither cardiovascular nor infection hospitalization

(OR, 0.75; 95% CI, 0.72–0.77), as compared to those with no pre-dialysis hospitalization (Fig

5A). In a separate model, compared with no pre-dialysis hospitalization, patients had lower

odds of using AV access for hemodialysis initiation with at 1 hospitalization (OR, 0.78; 95%

CI, 0.75–0.80), 2 hospitalizations (OR, 0.69; 95% CI, 0.66–0.72), 3 hospitalizations (OR, 0.64;

95% CI, 0.61–0.67); and� 4 hospitalizations (OR, 0.58; 95% CI, 0.56–0.60) (Fig 5B).

Discussion

The present study represents a large nationwide cohort of incident ESRD patients, with linked

Medicare information on each patient for two years prior to initiation of dialysis. The study

finds that majority of incident dialysis patients experience frequent hospitalizations prior to

ESRD initiation. More importantly, the study indicates that acute care hospitalizations prior to

ESRD are not inconsequential, and that they continue to be associated with poor patient sur-

vival at one year after dialysis begins. The study also elucidates the effect of both type or fre-

quency of hospitalization on one-year mortality, as well as on secondary outcomes of dialysis

modality, and type of hemodialysis access.

Acute care hospitalizations are common among dialysis patients, and represents the single

largest proportion (~ 40%) of total ESRD expenditures [17]. In an effort to improve quality of

care and resource utilization in ESRD patients, studying the causes or outcomes of hospitaliza-

tions among these patients is an area of national priority. Typically, prevalent ESRD patients

experience an average of two hospital stays per year; and the top two causes of hospitalization

include cardiovascular events or infection related illnesses [18–20]. There are relatively fewer

studies examining hospitalizations in patients with advanced CKD, prior to initiating dialysis.

Holland et al looked at the acute hospitalizations in the pre-ESRD period in a small cohort

(n = 362) of CKD patients; 57.4% required hospitalization prior to dialysis initiation, and one-

third of these pre-dialysis admissions were due to cardiovascular causes [21]. Mix et al studied

in a retrospective cohort, similar to our study design, the frequency of hospitalizations among

109, 321 patients with CKD who reached ESRD. The mean hospitalization rate was 134 hospi-

talizations/1,000 patient-months at risk, and rates of hospitalization increased with progres-

sion of kidney disease [10]. However, despite the frequent need for hospitalizations across the

continuum of CKD progression, there are no studies that have examined the impact of pre-

dialysis hospitalization on outcomes after initiation of dialysis.

hospitalization, and (B) frequency of hospitalization. (A) Compared to no pre-dialysis hospitalization, the odds ratios, fully

adjusted, and 95% confidence interval for 1-year mortality in incident ESRD patients by type of hospitalization:

cardiovascular, 1.63 (1.57, 1.68); infection, 1.51 (1.45, 1.57); both cardiovascular and infection, 1.91 (1.83, 1.99); and neither

cardiovascular nor infection, 1.23 (1.19, 1.27); odds ratios and confidence intervals for 90-day mortality: cardiovascular, 1.60

(1.53, 1.68); infection, 1.43 (1.35, 1.52); both cardiovascular and infection, 1.74 (1.64, 1.84); and neither cardiovascular nor

infection, 1.20 (1.14, 1.26). (B) Compared to no pre-dialysis hospitalization, the odds ratios, fully adjusted, and 95%

confidence interval for 1-year mortality in incident ESRD patients by frequency of hospitalization: 1, 1.20 (1.16, 1.24); 2, 1.39

(1.34, 1.45); 3, 1.60 (1.53, 1.66); and 4 or more, 1.95 (1.89, 2.02); odds ratios and confidence intervals for 90-day mortality: 1,

1.21 (1.15, 1.27); 2, 1.39 (1.32, 1.47); 3, 1.56 (1.47, 1.66); and 4 or more, 1.73 (1.65, 1.82).

https://doi.org/10.1371/journal.pone.0209578.g002
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Fig 3. Unadjusted Kaplan-Meier survival curves for patients with and without pre-dialysis acute hospitalization

censored on 31 December 2015 by (A) type of pre-dialysis hospitalization, and (B) frequency of pre-dialysis

hospitalization.

https://doi.org/10.1371/journal.pone.0209578.g003
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In the present study, we found that about three fourths of patients with incident ESRD

experienced at least one hospitalization during the 2-year pre-ESRD period, with majority of

them involving cardiovascular causes. The data also indicates that more than half of the

patients were hospitalized two or more times prior to incident dialysis. This high burden of

hospitalizations demonstrates the high resource utilization required in patients with advanced

kidney disease before they get initiated on dialysis. Patients experiencing pre-ESRD hospitali-

zations had poorer indicators of health status at the time of dialysis initiation; for instance,

compared to those without hospitalizations, patients with pre-dialysis hospitalization had

lower serum albumin and hemoglobin levels at the time of incident dialysis. Surprisingly, hos-

pitalized patients were also less likely to have received pre-ESRD nephrology care prior to inci-

dent dialysis. It can be speculated that perhaps hospitalizations prior to ESRD could have

higher probability of receiving nephrology care if these patients had either advanced CKD or

suffered acute worsening of their renal function. However, studies have shown that trajectories

of renal function loss are very variable in the two-year period prior to ESRD [22]. It is also

plausible that acute hospitalization events undermine the need for nephrology consults, and

these patients are more likely to see a primary care physician that a nephrologist after their dis-

charge who have further shown to less recognize and recommend specialist care for progres-

sive CKD [23, 24]. These observations raises the question whether CKD patients experiencing

hospitalization in the pre-ESRD period will benefit from closer monitoring by a health care

provider during convalescence, transitional model of care units, or other systems-based oppor-

tunities to improve dedicated pre-ESRD care [25].

Mortality after initiation of ESRD is considered an important metric for comparing quality

of care across the dialysis industry and is linked to reimbursements. Typically, the standard-

ized mortality rates for dialysis patients are estimated based on characteristics at the time of

dialysis initiation [5, 26]. In the present study, as compared to no pre-dialysis hospitalization, a

history of cardiovascular and infection related pre-dialysis hospitalization increased the risk of

death by 74% at 90 days and by 91% at 1-year. Additionally, there was a graded increase in

mortality with increasing frequency of pre-dialysis hospitalizations. The frequency of pre-dial-

ysis hospitalizations might be a useful measure for risk stratifying patients initiating dialysis or

considering dialysis initiation. For example, if a patient knew that if they experienced 4 or

more hospitalizations in the previous 2 years, their odds of dying within the first 90 days of

dialysis initiation was 73% higher, it might lead them to consider conservative management

instead. In addition, CMS might find this data useful for case mix adjustment in the Prospec-

tive Payment System (PPS). Since about two-third of incident ESRD patients experienced a

pre-dialysis hospitalization, reducing these hospitalizations will require multi-level changes to

CKD care, as well as care of other conditions like pre-dialysis vascular access planning. We

Table 3. Association between inpatient dialysis initiation and pre-ESRD hospitalization.

Variable Odds ratio

Type of hospitalization

No hospitalization Reference

Cardiovascular 1.11 (1.08, 1.49)

Infection 1.08 (1.04, 1.12)

Both cardiovascular and infection 1.12 (1.08, 1.65)

Neither cardiovascular nor infection 0.96 (0.93, 0.99)

Logistic model adjusted for BMI, sex, race, functional status, comorbidities, history of nursing home, employment

status, history of tobacco, insurance, laboratory parameters, cause of ESRD and pre-dialysis nephrology care.

https://doi.org/10.1371/journal.pone.0209578.t003
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Fig 4. Association of pre-dialysis hospitalization with hemodialysis as the initial dialysis modality among patients with

ESRD. Adjusted odds ratio for probability of hemodialysis vs. peritoneal dialysis to initiate hemodialysis by (A) type of pre-
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also noted significant racial differences with the risk of dying. In minorities, the risk of death

was 60–70% lower as compared to white patients, similar to findings reported in prior litera-

ture [27, 28]. Since our study cohort only consisted of patients who survived following initia-

tion of dialysis, it is possible that sicker white patients made it to dialysis more frequently

compared to minorities due to better access of care and more aggressive interventions.

This study has several limitations. First, the data were derived from an administrative dialy-

sis dataset, and the pre-dialysis information was made available from Medicare claims files.

However, such limitations are inherent in de-identified national cohorts, in the absence of lon-

gitudinal datasets with reliable patient level information. Second, the hospitalization informa-

tion was only analyzed for the period of two calendar years prior to incident ESRD, and for

only those patients who were primarily Medicare beneficiaries during that entire time period.

This may lead to over representation of older patients in our cohort and may not remain gen-

eralizable to broader ESRD population. Medicare claims data, as has been reported in other

similar studies, can have low sensitivity, and potentially can lead to misclassification of the

types of hospitalization. To mitigate this weakness, we used validated codes for primary admis-

sion diagnoses, and we analyzed our data both by cause as well as frequency of hospitalizations.

We ascertained the comorbidities from the CMS-2728 form instead of Medicare claims, which

remains another limitation of the study. Finally, in the present design, our study could not

examine the association of hospitalization with outcomes in advanced CKD, but was able to

determine the association of hospitalization with future outcomes among those CKD patients

only who survived to initiate dialysis.

Despite these limitations, these findings have several important implications for ESRD care.

ESRD initiation is a life-changing event for a patient, which is also associated with changes in

providers, healthcare systems, and health insurance status. During this transition of care

period, it is common to either not have access to or under-recognize important factors during

the pre-dialysis period that may impact post-dialysis care. Our observations from a national

cohort point out that both the type and frequency of acute care hospitalizations prior to dialy-

sis initiation are of prognostic significance. We found that about 75% of patients had occur-

rence of pre-dialysis hospitalization. Although these hospitalizations could not necessarily be

avoided, as they likely occur for some acute illness, the observation still allows us to speculate

about how this information may lead to future improvements. One possibility is that better

pre-ESRD care can potentially reduce the risk of pre-ESRD hospitalizations, and this can be

associated with improved outcomes. Additionally, the study also shows that pre-ESRD hospi-

talization may be a lost opportunity to involve nephrology care after discharge, and efforts to

enhance longitudinal follow up to nephrology specialty could potentially impact ESRD out-

comes. From the standpoint of comparing the quality of dialysis care; efforts should be made

to incorporate type or frequency of pre-dialysis hospitalization as an important risk factor of

mortality.

Conclusion

In conclusion, the majority of the incident ESRD patients experience at least one hospitaliza-

tion prior to initiating dialysis. Both the cause and frequency of hospitalization during the pre-

dialysis hospitalization, and (B) frequency of hospitalization. Compared to no pre-dialysis hospitalization, the odds ratios,

fully adjusted, and 95% confidence interval in incident ESRD patients by (A) type of hospitalization: cardiovascular, 1.34

(1.27, 1.42); infection, 1.67 (1.54, 1.82); both cardiovascular and infection, 1.68 (1.53, 1.84); and neither cardiovascular nor

infection 1.19 (1.12, 1.25); and (B) frequency of hospitalization: 1, 1.19 (1.13, 1.26); 2, 1.29 (1.21, 1.38); 3, 1.43 (1.32, 1.55);

and 4 or more, 1.73 (1.61, 1.85).

https://doi.org/10.1371/journal.pone.0209578.g004
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Fig 5. Association of pre-dialysis hospitalization with use of AV access for initiation of hemodialysis among patients

with ESRD. Adjusted odds ratio for probability of AV access use vs. central venous catheter to initiate hemodialysis by (A)
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ESRD period significantly increases one-year dialysis mortality. Additionally, pre-ESRD hospi-

talization is also associated with greater risk of initiating hemodialysis versus peritoneal dialy-

sis; and among hemodialysis patients, it lowers the odds of presence of AV access at dialysis

initiation. The study emphasizes that both healthcare providers and dialysis providers need to

consider that pre-dialysis acute care utilization can continue to impact outcomes after initia-

tion of dialysis. Whether this presents an opportunity to either intervene prior to dialysis, or to

customize care after dialysis begins requires further investigation.

Supporting information

S1 Table. ICD9 codes for cardiovascular causes and infectious causes of acute hospitaliza-

tions.

(DOCX)

Author Contributions

Conceptualization: Silvi Shah, Charuhas V. Thakar.

Data curation: Silvi Shah, Karthikeyan Meganathan.

Formal analysis: Silvi Shah, Karthikeyan Meganathan, Annette L. Christianson, Anthony C.

Leonard.

Funding acquisition: Silvi Shah.

Investigation: Silvi Shah.

Methodology: Silvi Shah, Karthikeyan Meganathan, Annette L. Christianson, Anthony C. Leo-

nard, Charuhas V. Thakar.

Project administration: Silvi Shah, Anthony C. Leonard.

Resources: Silvi Shah, Annette L. Christianson, Charuhas V. Thakar.

Software: Charuhas V. Thakar.

Supervision: Silvi Shah, Anthony C. Leonard, Charuhas V. Thakar.

Validation: Karthikeyan Meganathan.

Visualization: Silvi Shah, Annette L. Christianson.

Writing – original draft: Silvi Shah.

Writing – review & editing: Silvi Shah, Karthikeyan Meganathan, Annette L. Christianson,

Anthony C. Leonard, Charuhas V. Thakar.

References
1. Coresh J, Selvin E, Stevens LA, Manzi J, Kusek JW, Eggers P, et al. Prevalence of chronic kidney dis-

ease in the United States. JAMA: the journal of the American Medical Association. 2007; 298

(17):2038–47. Epub 2007/11/08. https://doi.org/10.1001/jama.298.17.2038 PMID: 17986697.

type of pre-dialysis hospitalization, and (B) frequency of hospitalization. Compared to no pre-dialysis hospitalization, the

odds ratios, fully adjusted, and 95% confidence interval in incident ESRD patients by (A) type of hospitalization:

cardiovascular, 0.65 (0.63, 0.68); infection, 0.67 (0.64, 0.71); both cardiovascular and infection, 0.60 (0.57, 0.63); and neither

cardiovascular nor infection 0.75 (0.72, 0.77); and (B) frequency of hospitalization: 1, 0.78 (0.75, 0.80); 2, 0.69 (0.66, 0.72); 3,

0.64 (0.61, 0.67); and 4 or more, 0.58 (0.56, 0.60).

https://doi.org/10.1371/journal.pone.0209578.g005

Pre-dialysis hospitalization and outcomes

PLOS ONE | https://doi.org/10.1371/journal.pone.0209578 January 16, 2019 17 / 19

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0209578.s001
https://doi.org/10.1001/jama.298.17.2038
http://www.ncbi.nlm.nih.gov/pubmed/17986697
https://doi.org/10.1371/journal.pone.0209578.g005
https://doi.org/10.1371/journal.pone.0209578


2. Honeycutt AA, Segel JE, Zhuo X, Hoerger TJ, Imai K, Williams D. Medical costs of CKD in the Medicare

population. Journal of the American Society of Nephrology: JASN. 2013; 24(9):1478–83. Epub 2013/08/03.

https://doi.org/10.1681/ASN.2012040392 PMID: 23907508; PubMed Central PMCID: PMCPMC3752941.

3. Murphy D, McCulloch CE, Lin F, Banerjee T, Bragg-Gresham JL, Eberhardt MS, et al. Trends in Preva-

lence of Chronic Kidney Disease in the United States. Annals of internal medicine. 2016; 165(7):473–

81. Epub 2016/08/02. https://doi.org/10.7326/M16-0273 PMID: 27479614; PubMed Central PMCID:

PMCPMC5552458.

4. Saran R, Robinson B, Abbott KC, Agodoa LYC, Bhave N, Bragg-Gresham J, et al. US Renal Data Sys-

tem 2017 Annual Data Report: Epidemiology of Kidney Disease in the United States. American journal

of kidney diseases: the official journal of the National Kidney Foundation. 2018; 71(3s1):A7. Epub 2018/

02/27. https://doi.org/10.1053/j.ajkd.2018.01.002 PMID: 29477157.

5. U.S. Renal Data System. 2015 Researcher’s Guide to the USRDS Database. National Institutes of

Health, National Institute of Diabetes and Digestive and Kidney Diseases, Bethesda, MD. 2015.

6. Centers for Medicare & Medicaid Services https://www.cms.gov/Medicare/Quality-Initiatives-Patient-

Assessment-Instruments/Value-Based-Programs/MACRA-MIPS-and-APMs/MACRA-MIPS-and-

APMs.html [cited 2018 February 6]. Available from: https://www.cms.gov/Medicare/Quality-Initiatives-

Patient-Assessment-Instruments/Value-Based-Programs/MACRA-MIPS-and-APMs/MACRA-MIPS-

and-APMs.html.

7. Erickson KF, Winkelmayer WC, Chertow GM, Bhattacharya J. Physician visits and 30-day hospital

readmissions in patients receiving hemodialysis. Journal of the American Society of Nephrology: JASN.

2014; 25(9):2079–87. Epub 2014/05/09. https://doi.org/10.1681/ASN.2013080879 PMID: 24812168;

PubMed Central PMCID: PMCPMC4147977.

8. Chan KE, Lazarus JM, Wingard RL, Hakim RM. Association between repeat hospitalization and early

intervention in dialysis patients following hospital discharge. Kidney Int. 2009; 76(3):331–41. Epub

2009/06/12. https://doi.org/10.1038/ki.2009.199 PMID: 19516243.

9. Rayner HC, Pisoni RL, Bommer J, Canaud B, Hecking E, Locatelli F, et al. Mortality and hospitalization in

haemodialysis patients in five European countries: results from the Dialysis Outcomes and Practice Pat-

terns Study (DOPPS). Nephrol Dial Transplant. 2004; 19(1):108–20. Epub 2003/12/13. PMID: 14671046.

10. Mix TC, St peter WL, Ebben J, Xue J, Pereira BJ, Kausz AT, et al. Hospitalization during advancing

chronic kidney disease. American journal of kidney diseases: the official journal of the National Kidney

Foundation. 2003; 42(5):972–81. Epub 2003/10/29. PMID: 14582041.

11. Nitsch D, Nonyane BA, Smeeth L, Bulpitt CJ, Roderick PJ, Fletcher A. CKD and hospitalization in the

elderly: a community-based cohort study in the United Kingdom. American journal of kidney diseases:

the official journal of the National Kidney Foundation. 2011; 57(5):664–72. Epub 2010/12/15. https://doi.

org/10.1053/j.ajkd.2010.09.026 PMID: 21146270; PubMed Central PMCID: PMCPMC3392651.

12. Gillespie BW, Morgenstern H, Hedgeman E, Tilea A, Scholz N, Shearon T, et al. Nephrology care prior

to end-stage renal disease and outcomes among new ESRD patients in the USA. Clin Kidney J. 2015; 8

(6):772–80. Epub 2015/11/28. https://doi.org/10.1093/ckj/sfv103 PMID: 26613038; PubMed Central

PMCID: PMCPMC4655805.

13. Yang JY, Huang JW, Chen L, Chen YY, Pai MF, Tung KT, et al. Frequency of Early Predialysis Nephrol-

ogy Care and Postdialysis Cardiovascular Events. American journal of kidney diseases: the official jour-

nal of the National Kidney Foundation. 2017; 70(2):164–72. Epub 2017/03/07. https://doi.org/10.1053/j.

ajkd.2016.12.018 PMID: 28262267.

14. Erickson KF, Mell M, Winkelmayer WC, Chertow GM, Bhattacharya J. Provider Visits and Early Vascu-

lar Access Placement in Maintenance Hemodialysis. Journal of the American Society of Nephrology:

JASN. 2015; 26(8):1990–7. Epub 2014/12/03. https://doi.org/10.1681/ASN.2014050464 PMID:

25452668; PubMed Central PMCID: PMCPMC4520167.

15. Crews DC, Scialla JJ, Liu J, Guo H, Bandeen-Roche K, Ephraim PL, et al. Predialysis health, dialysis

timing, and outcomes among older United States adults. Journal of the American Society of Nephrol-

ogy: JASN. 2014; 25(2):370–9. Epub 2013/10/26. https://doi.org/10.1681/ASN.2013050567 PMID:

24158988; PubMed Central PMCID: PMCPMC3904572.

16. Shah S, Leonard AC, Thakar CV. Functional status, pre-dialysis health and clinical outcomes among

elderly dialysis patients. BMC nephrology. 2018; 19(1):100. Epub 2018/04/29. https://doi.org/10.1186/

s12882-018-0898-1 PMID: 29703177; PubMed Central PMCID: PMCPMC5924501.

17. United States Renal Data System. USRDS annual data report: Epidemiology of kidney disease in the

United States. National Institutes of Health National Institute of Diabetes and Digestive and Kidney Dis-

ease, Bethesda, MD. 2016.

18. Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY. Chronic kidney disease and the risks of death,

cardiovascular events, and hospitalization. N Engl J Med. 2004; 351(13):1296–305. Epub 2004/09/24.

https://doi.org/10.1056/NEJMoa041031 PMID: 15385656.

Pre-dialysis hospitalization and outcomes

PLOS ONE | https://doi.org/10.1371/journal.pone.0209578 January 16, 2019 18 / 19

https://doi.org/10.1681/ASN.2012040392
http://www.ncbi.nlm.nih.gov/pubmed/23907508
https://doi.org/10.7326/M16-0273
http://www.ncbi.nlm.nih.gov/pubmed/27479614
https://doi.org/10.1053/j.ajkd.2018.01.002
http://www.ncbi.nlm.nih.gov/pubmed/29477157
https://www.cms.gov/Medicare/Quality-Initiatives-Patient-Assessment-Instruments/Value-Based-Programs/MACRA-MIPS-and-APMs/MACRA-MIPS-and-APMs.html
https://www.cms.gov/Medicare/Quality-Initiatives-Patient-Assessment-Instruments/Value-Based-Programs/MACRA-MIPS-and-APMs/MACRA-MIPS-and-APMs.html
https://www.cms.gov/Medicare/Quality-Initiatives-Patient-Assessment-Instruments/Value-Based-Programs/MACRA-MIPS-and-APMs/MACRA-MIPS-and-APMs.html
https://www.cms.gov/Medicare/Quality-Initiatives-Patient-Assessment-Instruments/Value-Based-Programs/MACRA-MIPS-and-APMs/MACRA-MIPS-and-APMs.html
https://www.cms.gov/Medicare/Quality-Initiatives-Patient-Assessment-Instruments/Value-Based-Programs/MACRA-MIPS-and-APMs/MACRA-MIPS-and-APMs.html
https://www.cms.gov/Medicare/Quality-Initiatives-Patient-Assessment-Instruments/Value-Based-Programs/MACRA-MIPS-and-APMs/MACRA-MIPS-and-APMs.html
https://doi.org/10.1681/ASN.2013080879
http://www.ncbi.nlm.nih.gov/pubmed/24812168
https://doi.org/10.1038/ki.2009.199
http://www.ncbi.nlm.nih.gov/pubmed/19516243
http://www.ncbi.nlm.nih.gov/pubmed/14671046
http://www.ncbi.nlm.nih.gov/pubmed/14582041
https://doi.org/10.1053/j.ajkd.2010.09.026
https://doi.org/10.1053/j.ajkd.2010.09.026
http://www.ncbi.nlm.nih.gov/pubmed/21146270
https://doi.org/10.1093/ckj/sfv103
http://www.ncbi.nlm.nih.gov/pubmed/26613038
https://doi.org/10.1053/j.ajkd.2016.12.018
https://doi.org/10.1053/j.ajkd.2016.12.018
http://www.ncbi.nlm.nih.gov/pubmed/28262267
https://doi.org/10.1681/ASN.2014050464
http://www.ncbi.nlm.nih.gov/pubmed/25452668
https://doi.org/10.1681/ASN.2013050567
http://www.ncbi.nlm.nih.gov/pubmed/24158988
https://doi.org/10.1186/s12882-018-0898-1
https://doi.org/10.1186/s12882-018-0898-1
http://www.ncbi.nlm.nih.gov/pubmed/29703177
https://doi.org/10.1056/NEJMoa041031
http://www.ncbi.nlm.nih.gov/pubmed/15385656
https://doi.org/10.1371/journal.pone.0209578


19. Dalrymple LS, Katz R, Kestenbaum B, de Boer IH, Fried L, Sarnak MJ, et al. The risk of infection-related

hospitalization with decreased kidney function. American journal of kidney diseases: the official journal

of the National Kidney Foundation. 2012; 59(3):356–63. Epub 2011/09/13. https://doi.org/10.1053/j.

ajkd.2011.07.012 PMID: 21906862; PubMed Central PMCID: PMCPMC3288732.

20. Naqvi SB, Collins AJ. Infectious complications in chronic kidney disease. Advances in chronic kidney

disease. 2006; 13(3):199–204. Epub 2006/07/04. https://doi.org/10.1053/j.ackd.2006.04.004 PMID:

16815225.

21. Holland DC, Lam M. Predictors of hospitalization and death among pre-dialysis patients: a retrospective

cohort study. Nephrol Dial Transplant. 2000; 15(5):650–8. Epub 2000/05/16. PMID: 10809806.

22. O’Hare AM, Batten A, Burrows NR, Pavkov ME, Taylor L, Gupta I, et al. Trajectories of kidney function

decline in the 2 years before initiation of long-term dialysis. American journal of kidney diseases: the offi-

cial journal of the National Kidney Foundation. 2012; 59(4):513–22. Epub 2012/02/07. https://doi.org/

10.1053/j.ajkd.2011.11.044 PMID: 22305760; PubMed Central PMCID: PMCPMC3312937.

23. Siew ED, Peterson JF, Eden SK, Hung AM, Speroff T, Ikizler TA, et al. Outpatient nephrology referral

rates after acute kidney injury. Journal of the American Society of Nephrology: JASN. 2012; 23(2):305–

12. Epub 2011/12/14. https://doi.org/10.1681/ASN.2011030315 PMID: 22158435; PubMed Central

PMCID: PMCPMC3269178.

24. Boulware LE, Troll MU, Jaar BG, Myers DI, Powe NR. Identification and referral of patients with progres-

sive CKD: a national study. American journal of kidney diseases: the official journal of the National Kid-

ney Foundation. 2006; 48(2):192–204. Epub 2006/07/25. https://doi.org/10.1053/j.ajkd.2006.04.073

PMID: 16860184.

25. Bowman B, Zheng S, Yang A, Schiller B, Morfin JA, Seek M, et al. Improving Incident ESRD Care Via a

Transitional Care Unit. American journal of kidney diseases: the official journal of the National Kidney

Foundation. 2018. Epub 2018/03/08. https://doi.org/10.1053/j.ajkd.2018.01.035 PMID: 29510919.

26. Bradbury BD, Fissell RB, Albert JM, Anthony MS, Critchlow CW, Pisoni RL, et al. Predictors of early

mortality among incident US hemodialysis patients in the Dialysis Outcomes and Practice Patterns

Study (DOPPS). Clinical journal of the American Society of Nephrology: CJASN. 2007; 2(1):89–99.

Epub 2007/08/21. https://doi.org/10.2215/CJN.01170905 PMID: 17699392.

27. Wong JS, Port FK, Hulbert-Shearon TE, Carroll CE, Wolfe RA, Agodoa LY, et al. Survival advantage in

Asian American end-stage renal disease patients. Kidney Int. 1999; 55(6):2515–23. Epub 1999/06/03.

https://doi.org/10.1046/j.1523-1755.1999.00464.x PMID: 10354301.

28. Kucirka LM, Grams ME, Lessler J, Hall EC, James N, Massie AB, et al. Association of race and age

with survival among patients undergoing dialysis. JAMA: the journal of the American Medical Associa-

tion. 2011; 306(6):620–6. Epub 2011/08/11. https://doi.org/10.1001/jama.2011.1127 PMID: 21828325;

PubMed Central PMCID: PMCPMC3938098.

Pre-dialysis hospitalization and outcomes

PLOS ONE | https://doi.org/10.1371/journal.pone.0209578 January 16, 2019 19 / 19

https://doi.org/10.1053/j.ajkd.2011.07.012
https://doi.org/10.1053/j.ajkd.2011.07.012
http://www.ncbi.nlm.nih.gov/pubmed/21906862
https://doi.org/10.1053/j.ackd.2006.04.004
http://www.ncbi.nlm.nih.gov/pubmed/16815225
http://www.ncbi.nlm.nih.gov/pubmed/10809806
https://doi.org/10.1053/j.ajkd.2011.11.044
https://doi.org/10.1053/j.ajkd.2011.11.044
http://www.ncbi.nlm.nih.gov/pubmed/22305760
https://doi.org/10.1681/ASN.2011030315
http://www.ncbi.nlm.nih.gov/pubmed/22158435
https://doi.org/10.1053/j.ajkd.2006.04.073
http://www.ncbi.nlm.nih.gov/pubmed/16860184
https://doi.org/10.1053/j.ajkd.2018.01.035
http://www.ncbi.nlm.nih.gov/pubmed/29510919
https://doi.org/10.2215/CJN.01170905
http://www.ncbi.nlm.nih.gov/pubmed/17699392
https://doi.org/10.1046/j.1523-1755.1999.00464.x
http://www.ncbi.nlm.nih.gov/pubmed/10354301
https://doi.org/10.1001/jama.2011.1127
http://www.ncbi.nlm.nih.gov/pubmed/21828325
https://doi.org/10.1371/journal.pone.0209578

