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Abstract
Background: A large body of research has been conducted on the "weekend effect," which is the reportedly
increased risk of adverse outcomes for patients admitted to the hospital on weekends versus those admitted
on weekdays. This effect has been researched in numerous patient populations, including sub-populations
of end-stage renal disease (ESRD) patients, with varying conclusions.

Objectives: To assess whether differences in in-hospital mortality, access to renal replacement therapy
(RRT), time to RRT, and other important outcomes exist in patients with ESRD or patients on RRT admitted
on the weekend versus weekdays.

Design and setting: A retrospective cohort study was conducted using the 2018 Nationwide Inpatient
Sample. Patients were included if they were adults with a principal or secondary diagnosis of ESRD or if they
were admitted with a diagnosis related to initiation, maintenance, or complications of RRT. Patients
admitted between midnight Friday and midnight Sunday were classified as weekend admissions. Primary
outcome measurements included in-hospital mortality, in-hospital dialysis (peritoneal dialysis,
hemodialysis, and continuous RRT), and renal transplantation (TP). Secondary outcomes included length of
hospital stay (LOS) and total hospitalization charges.

Results: The study included 1,144,385 patients who satisfied the inclusion criteria. Compared with patients
admitted on weekdays, patients with ESRD admitted on weekends had 8% higher adjusted odds of in-
hospital mortality (OR: 1.08; 95% CI: 1.03-1.13; p = 0.002), 9% lower adjusted OR of any RRT over the
weekend than on weekdays (OR: 0.91; 95% CI: 0.89-0.93; p = 0.000), lower RRT rates (within 24 hours)
(adjusted OR: 0.71; 95% CI: 0.70-0.73; p = 0.000), higher odds of renal TP (adjusted OR: 1.32; 95% CI: 1.20-
1.45; p = 0.000), and higher hospitalization charges (mean adjusted increase: $1451; p = 0.07).

Limitations: The limitations of the study include the use of retrospective data and an administrative
database.

Conclusion: Compared with weekday admissions, patients with ESRD admitted on weekends had higher
odds of mortality, higher mean hospitalization charges, and higher odds of renal TP. They had lower overall
RRT rates, and a longer time to first RRT. However, the average LOS was similar for both weekend and
weekday admissions.

Categories: Internal Medicine, Urology, Nephrology
Keywords: end-stage renal disease, nationwide inpatient sample, nationwide inpatient sample (nis), dialysis, renal
replacement therapy, esrd, weekend effect

Introduction
The fifth and last stage of chronic kidney disease is end-stage renal disease (ESRD). Indications of ESRD
include a glomerular filtration rate of less than 15 mL/min/1.73 m2, the requirement for dialysis or renal
transplantation (TP), or death due to renal failure [1]. The crude incidence rate of ESRD in the US has risen
since 2011, while the age-sex-race-standardized incidence rate appears to have plateaued since 2018. The
number of people with ESRD peaked in 2019 at 808,330, an increase of 107% over pre-pandemic levels, and
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then declined slightly to 807,920 in 2020 [2]. Hemodialysis (HD) is the most extensively available renal
replacement therapy (RRT) in the world, but it also has the greatest mortality rate, followed by renal TP and
peritoneal dialysis (PD) [3].

The higher mortality associated with weekend patient admissions is a problem that has attracted scientific,
political, and media interest on a global scale. It has been proposed that the weekend effect is caused by the
failure of healthcare management organizations to improve care processes, such as providing access to
specialists and life-saving diagnostic and treatment procedures 24 hours a day, seven days a week [4].
Theoretically, outcomes are expected to be worse for patients admitted on weekends compared to those
admitted on weekdays because most renal transplants are performed on weekdays and many dialysis suites
are not open throughout the weekend, resulting in a delay in RRT performance. Recent research suggests
that the effect of weekend admission on mortality is limited to critical illnesses, particularly those requiring
end-of-life care [5].

Diverse subpopulations of patients have been researched for the influence of weekend admission on
mortality, with results indicating worse outcomes among patients admitted over the weekend. However,
there is insufficient evidence associating weekend admissions with an increase in ESRD mortality. The
purpose of this study was to determine whether there were variations in in-hospital mortality, access to RRT,
and other significant outcomes between patients with ESRD hospitalized on the weekend versus weekdays
using a large, population-based database in the United States and the International Classification of
Diseases, Tenth Revision, Clinical Modification/Procedure Coding System (ICD-10-CM/PCS).

Materials And Methods
Design and data source
A retrospective cohort study was conducted using the 2018 Nationwide Inpatient Sample (NIS). The NIS is
the largest all-payer inpatient care database accessible to the public in the US, with information on more
than 35 million hospitalizations. It is developed and maintained by the Agency for Healthcare Research and
Quality. Its large sample size is appropriate for generating national and regional estimates and facilitates
analyses of rare diseases, uncommon procedures, and specific patient populations. The NIS records all
hospitalizations in 48 states plus the District of Columbia and thus represents 97% of the US population
[6,7]. The NIS uses a 20% stratified sample of discharges from community hospitals in the US, excluding
rehabilitation and long-term acute care facilities. The self-weighting design of the NIS reduces the margin
of error for estimates and delivers more stable and precise estimates than previous versions of the NIS [8].
Relevant patient sub-populations were identified by querying the 2018 database with the ICD-10-CM/PCS
codes. Only precise and billable ICD-10-CM/PCS codes were utilized, avoiding all category, non-billable, and
non-specific codes.

Study population
We queried the NIS 2018 database for persons aged 18 years or older with a primary or secondary diagnosis
of ESRD. Patients were excluded if they were under the age of 18 years. This cohort was further separated
into workday admissions (those admitted Monday through Friday) and weekend admissions (those admitted
between midnight Friday and midnight Sunday). The subpopulations of the main cohort who had dialysis
(HD or PD), continuous renal replacement therapy (CRRT), and TP were derived using a combination of
statistical commands and the applicable ICD-10-CM/PCS codes. These codes are available in the Appendix.

Study variables
The length of hospital stay (LOS) and overall hospitalization costs are documented in the NIS database. HD,
PD, and TP were identified using ICD-10-CM/PCS codes (Appendix). Weekend admissions were defined as
those that took place on Saturday and Sunday, as defined by the weekend variable in the NIS. This
classification has been used in other studies on ESRD and RRT [9-11]. The NIS records the number of days
between a patient's admission and a procedure. Therefore, if the time to the procedure was indicated as zero
or one day, dialysis or transplantation was considered to have been performed within 24 hours of admission.

Main outcome measurements
The primary outcome was in-hospital mortality among patients admitted on the weekend as compared to the
weekdays. Secondary outcomes were overall RRT rates, access to early RRT (within 24 hours of admission),
mean LOS, access to TP, and mean hospital charges for weekend and weekday admissions. Mean LOS, access
to TP, and mean hospital charges were also compared between patients who had early RRT and those who
did not.

Statistical analysis
Version 17 of Stata® (StataCorp LLC, College Station, Texas) was used to analyze the data. The software
facilitates analysis to produce nationally representative and unbiased results, variance estimates, and p-
values. All analyses were conducted using weighted samples for national estimates, in accordance with the
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Healthcare Cost and Utilization Project's specifications for using the NIS database. A thorough literature
search was undertaken to identify potential confounders (age, sex, race, income in the patient's ZIP code,
insurance type, hospital location/teaching status, hospital bed size, hospital region, and Charlson
Comorbidity Index (CCI)), which were used in a univariable regression analysis to calculate unadjusted odds
ratios (ORs) for the primary and secondary outcomes. Subsequently, a multivariate regression model was
built by using only variables that were associated with the outcome of interest on univariable regression
analysis at p < 0.2. Proportions were compared by using Fisher's exact test, and continuous variables were
compared by using Student's t-test. All p-values were two-sided, and the threshold for statistical
significance was set at 0.05.

Ethical considerations
Potential patient identifiers have been omitted from the NIS database. Since 2012, the NIS has also deleted
state and hospital identifiers. This has increased patient anonymity and safety. Although considered and
pursued, this research required no approval from an institutional review board.

Results
Patient characteristics
The NIS 2018 database contained 35,521,883 million hospital discharges, of which 1,144,385 (3.2%) were
studied. These patients were adults who had a primary or secondary discharge diagnosis of ESRD or whose
admissions (as defined by ICD-10-CM/PCS codes) were directly related to the initiation of RRT or issues that
occurred after starting RRT. Of the study population, 263,208 (23%) were admitted over the weekend
compared with 881,176 (77%) admitted on weekdays. Table 1 and Figures 1, 2 summarize the demographic
characteristics of the study.

 Weekend admission Weekday admission P-value

Patient characteristics    

Number (%) of patients 263,208 (23%) 881,176 (77%)  

Women, No. (%) 121,075 (46%) 120,812 (46%) 0.80

Race/ethnicity, No. (%)   0.80

White 110,547 (42%) 370,093 (42%)  

Black 84,226 (32%) 290,788 (33%)  

Hispanic 44,745 (17%) 149,799 (17%)  

Asian or Pacific Islander 10,528 (4%) 35,247 (4%)  

Native American 2,632 (1%) 8,811 (1%)  

Other 7,896 (3%) 26,435 (3%)  

Mean age (in years) 61.8 62.1  

Charlson Comorbidity Index score   0.05

0 1,052 (.4%) 4,405 (0.5%)  

1 789 (.3%) 3,524 (0.4%)  

2 26,320 (10%) 87,236 (10%)  

≥3 234, 255 (89%) 784,246 (89%)  

Median annual income in patient’s zip code, US$, No. (%)   0.10

1-45,999 97,387 (37%) 326,035 (37%)  

46,000-58,999 68,434 (26%) 22,9105 (26%)  

59,000-78,999 55,273 (21%) 185,046 (21%)  

≥79,000 39,481 (15%) 123,364 (14%)  

Insurance type, No. (%)   0.70

Medicaid 197,406 (75%) 652,070 (74%)  
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Medicare 34,217 (13%) 105,741 (12%)  

Private including HMO 28,952 (11%) 96,929 (11%)  

Uninsured 5,264 (2%) 17,623 (2%)  

RRT < 24 hours after admission, No. (%) 94,754 (36%) 387,717 (44%) <0.001

Hospital region, No. (%)   <0.001

Northeast 42,113 (16%) 149,799 (17%)  

Midwest 52,641 (20%) 185,046 (21%)  

South 113,179 (43%) 370,093 (42%)  

West 55,273 (21%) 176,235 (20%)  

Hospital bed size, No. (%)   0.16

Small 44,745 (17%) 140,988 (16%)  

Medium 76,330 (29%) 264,352 (30%)  

Large 142,132 (54%) 475,835 (54%)  

Hospital location/teaching status, No. (%)   0.85

Rural 13,160 (5%) 44,058 (5%)  

Urban non-teaching 50,009 (19%) 167,423 (19%)  

Urban teaching 200,038 (76%) 669,693 (76%)  

TABLE 1: Patient and hospital characteristics
HMO: health management organization; RRT: renal replacement therapy.

FIGURE 1: Proportion of patients receiving renal replacement therapy in
the study population
HD: hemodialysis; PD: peritoneal dialysis; TP: kidney transplantation; CRRT: continuous renal replacement
therapy; None: not receiving any of the renal replacement therapies.
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FIGURE 2: Number of patients who received renal replacement therapy
on weekends versus weekdays
HD: hemodialysis; PD: peritoneal dialysis; TP: kidney transplantation; CRRT: continuous renal replacement
therapy.

In-hospital mortality based on the day of admission
The total in-hospital mortality rate in the study population was 4.6%. There were 53,545 recorded deaths.
Compared to patients admitted on weekdays, patients admitted over the weekend had 8% higher odds of
mortality (adjusted OR: 1.08; 95% CI: 1.03-1.13; p = 0.002) while keeping other confounders, such as age,
sex, race, CCI, median income in patient’s ZIP code, hospital location/teaching status, hospital bed size, and
hospital region, constant (Table 2). Similar results were obtained from univariable regression analysis (OR:
1.08; 95% CI: 1.03-1.13; p = 0.001). Patients with higher CCI scores also had increased odds of in-hospital
mortality (adjusted OR: 1.18; 95% CI: 1.17-1.19; p = 0.00).
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Variables Coefficient
Linearized standard
error

t-
value

P-
value

95% CI
(lower
limit)

95% CI
(upper
limit)

Died       

Weekend admission 1.078 0.025 3.17 <0.001 1.029 1.129

Age (in years) 1.031 0.001 35.83 <0.001 1.029 1.032

Female 0.933 0.019 -3.37 0.001 0.897 0.971

Race (White as reference) 1      

Black 0.821 0.023 -7.14 <0.001 0.778 0.867

Hispanic 0.752 0.027 -7.81 <0.001 0.701 0.808

Asian or Pacific Islander 0.795 0.041 -4.40 <0.001 0.718 0.881

Native American 0.886 0.097 -1.10 0.27 0.715 1.099

Other 0.97 0.058 -0.52 0.61 0.863 1.090

Median household income for patients' ZIP code, US$
(1-45,999 as reference)

1      

46,000-58,999 0.944 0.026 -2.10 0.04 0.894 0.996

59,000-78,999 0.935 0.027 -2.31 0.02 0.883 0.990

79,000 or more 0.977 0.032 -0.70 0.48 0.915 1.043

Charlson Comorbidity Index 1.179 0.006 30.63 <0.001 1.166 1.191

Hospital region (Northeast as reference) 1      

Midwest 0.931 0.036 -1.85 0.07 0.863 1.004

South 1.059 0.038 1.60 0.11 0.987 1.136

West 1.146 0.045 3.49 <0.001 1.061 1.237

Hospital location/teaching status 1.123 0.025 5.15 <0.001 1.074 1.174

Hospital bed size (small as reference) 1      

Medium 1.108 0.042 2.71 0.01 1.029 1.193

Large 1.194 0.042 5.09 <0.001 1.115 1.278

TABLE 2: Adjusted odds of in-hospital mortality among patients admitted over the weekend

In-hospital RRT rates and time to RRT based on the day of admission
During 62% of all admissions, at least one RRT (HD, CRRT, PD, or TP) was performed. Of the patients
hospitalized on weekends, 61% received RRT, compared to 63% of those admitted on weekdays. The adjusted
OR of any RRT over the weekend was 9% lower than on weekdays (OR: 0.91; 95% CI: 0.89-0.93; p = 0.000).
Higher overall odds of RRT on the weekend were independently linked with Black and Hispanic race, as well
as higher CCI scores.

In the studied population, the overall rate of PD was 0.001% (263). After controlling for patient and hospital-
level variables, patients admitted on weekends had a higher chance of receiving PD than those admitted on
weekdays (OR: 1.75; 95% CI: 1.20-2.57; p = 0.000). Admission to an urban teaching hospital, a large hospital,
and the Northeast and Midwest areas were all independently related to a higher likelihood of PD over the
weekend. Female sex and Asian or Pacific Islander race had no effect on the probability of PD (Table 3).
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Variables Coefficient
Linearized standard
error

t-
value

P-
value

95% CI
(lower
limit)

95% CI
(upper
limit)

Peritoneal dialysis       

Weekend admission 1.754 0.341 2.89 <0.001 1.199 2.566

Age (in years) 0.99 0.006 -1.61 0.12 0.979 1.002

Female 1.001 0.173 0.00 1.00 0.713 1.405

Race (White as reference) 1      

Black 0.559 0.124 -2.61 0.01 0.362 0.865

Hispanic 0.683 0.191 -1.36 0.17 0.394 1.183

Asian or Pacific Islander 1.015 0.443 0.03 0.97 0.431 2.39

Native American 0.704 0.715 -0.35 0.73 0.096 5.157

Other 1.373 0.595 0.73 0.46 0.588 3.209

Median household income for patients' ZIP code, US$
(1-45,999 as reference)

1      

46,000-58,999 1.401 0.33 1.43 0.15 0.883 2.222

59,000-78,999 1.362 0.365 1.15 0.25 0.805 2.305

79,000 or more 1.663 0.527 1.61 0.11 0.894 3.094

Charlson Comorbidity Index 0.952 0.046 -1.03 0.30 0.866 1.046

Hospital region (Northeast as reference) 1      

Midwest 1.392 0.441 1.04 0.30 0.748 2.591

South 1.413 0.47 1.04 0.30 0.737 2.712

West 0.985 0.323 -0.05 0.963 0.518 1.874

Hospital location/teaching status 1.373 0.305 1.43 0.15 0.888 2.123

Hospital bed size (small as reference) 1      

Medium 0.976 0.307 -0.08 0.94 0.527 1.808

Large 1.307 0.361 0.97 0.33 0.76 2.247

TABLE 3: Adjusted odds of peritoneal dialysis among patients admitted over the weekend

About 62% of weekday admissions (709,518) received in-hospital HD, including CRRT (which is defined as
continuous urine filtration for more than 18 hours per day) during the same admission. Of the patients
admitted on weekends, 60% received HD (p = 0.0000). Patients admitted on weekends had lower odds of
receiving HD compared to patients admitted on weekdays (OR: 0.90; 95% CI: 0.88-0.92; p = 0.000). Higher
odds of HD on weekends were independently linked with the Black race and higher CCI scores. These
probabilities were not related to age, female sex, or admission to a hospital located in the west. The
mortality rate among patients receiving HD in the study was 4.2% (Table 4).
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Variables Coefficient
Linearized
standard error

t-
value

P-
value

95% CI
(lower
limit)

95% CI
(upper
limit)

Hemodialysis       

Weekend admission 0.899 0.01 -9.26 <0.001 0.879 0.919

Age (in years) 0.998 0 -3.50 <0.001 0.998 0.999

Female 0.955 0.01 -4.38 <0.001 0.936 0.975

Race (White as reference) 1      

Black 1.45 0.035 15.42 <0.001 1.383 1.52

Hispanic 1.229 0.064 3.97 <0.001 1.11 1.361

Asian or Pacific Islander 1.218 0.049 4.95 <0.001 1.127 1.318

Native American 1.283 0.101 3.17 0.002 1.1 1.497

Other 1.141 0.079 1.90 0.058 0.996 1.307

Median household income for patients' ZIP code, US$
(1-45,999 as reference)

1      

46,000-58,999 0.899 0.024 -3.95 <0.001 0.852 0.948

59,000-78,999 0.877 0.025 -4.54 <0.001 0.828 0.928

79,000 or more 0.859 0.029 -4.44 <0.001 0.803 0.919

Charlson Comorbidity Index 1.136 0.006 25.81 <0.001 1.125 1.147

Hospital region (Northeast as reference) 1      

Midwest 1.028 0.062 0.46 0.645 0.913 1.157

South 0.906 0.055 -1.64 0.101 0.805 1.019

West 0.998 0.065 -0.03 0.979 0.878 1.135

Hospital location/teaching status 0.896 0.03 -3.32 0.001 0.84 0.956

Hospital bed size (small as reference) 1      

Medium 0.964 0.054 -0.66 0.511 0.864 1.076

Large 0.868 0.045 -2.76 0.006 0.784 0.96

TABLE 4: Adjusted odds of hemodialysis among patients admitted over the weekend

The prevalence of renal TP in the study population was 0.01% (11,444). On univariate analysis, patients
admitted on weekends had a greater likelihood of receiving a kidney transplant (OR: 1.32; 95% CI: 1.20-1.45;
p = 0.000). On multivariable regression analysis, similar results were observed after adjusting for patient and
hospital-level variables (OR: 1.34; 95% CI: 1.21-1.48; p = 0.000). Higher income in the patient's ZIP code,
admission to urban teaching hospitals, or institutions with higher bed numbers were all associated with an
increased likelihood of renal TP. Female gender, Black and Asian/Pacific Islanders, a higher CCI, and being
older were all related to a lower chance of receiving a renal transplant on weekends (Table 5).
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Variables Coefficient
Linearized
standard error

t-
value

P-
value

95% CI
(lower
limit)

95% CI
(upper limit)

Renal transplantation       

Weekend admission 1.343 0.068 5.82 <0.001 1.216 1.483

Age (in years) 0.978 0.002
-
14.25

<0.001 0.975 0.981

Female 0.842 0.04 -3.59 <0.001 0.767 0.925

Race (White as reference) 1      

Black 0.946 0.082 -0.64 0.52 0.799 1.121

Hispanic 1.026 0.118 0.23 0.82 0.819 1.286

Asian or Pacific Islander 1.454 0.211 2.58 0.010 1.094 1.934

Native American 0.679 0.225 -1.17 0.24 0.355 1.299

Other( 1.075 0.228 0.34 0.73 0.71 1.628

Median household income for patients' ZIP code, US$ 1-
45,999 as reference)

1      

46,000-58,999 1.196 0.087 2.47 0.01 1.038 1.378

59,000-78,999 1.431 0.124 4.13 <0.001 1.207 1.697

79,000 or more 1.587 0.166 4.40 <0.001 1.292 1.949

Charlson Comorbidity Index 0.71 0.014
-
17.86

<0.001 0.684 0.737

Hospital region (Northeast as reference) 1      

Midwest 0.954 0.185 -0.24 0.81 0.652 1.395

South 1.041 0.199 0.21 0.83 0.716 1.514

West 1.119 0.267 0.47 0.64 0.702 1.786

Hospital location/teaching status 37.647 21.19 6.45 <0.001 12.488 113.495

Hospital bed size (small as reference) 1      

Medium 2.284 1.284 1.47 0.14 0.759 6.875

Large 7.263 3.61 3.99 <0.001 2.741 19.245

TABLE 5: Adjusted odds of renal transplantation among patients admitted over the weekend

The overall average time to any RRT was 1.6 days. Patients admitted on weekends had a 1.8-day average
time to RRT, compared to 1.5 days on weekdays. While controlling for the potential patient and hospital-
level variables, patients hospitalized on weekends had a 29% lower chance of receiving any RRT within 24
hours of admission (OR: 0.71; 95% CI: 0.70-0.73; p = 0.000).

The total length of hospital stay and total hospitalization charges
The average LOS for patients in the study was 6.2 days (95% CI: 6.54-6.71). The average LOS for all weekend
admissions was 6.64, which was comparable to the LOS for weekday admissions (6.62). Patients admitted
over the weekend who received early RRT (within 24 hours of admission) had a shorter mean LOS (5.7 days;
95% CI: 5.63-5.84) than those who did not (7.2 days; 95% CI: 0.70-0.73). Early RRT was independently linked
with shorter LOS in multivariable linear regression analysis (p = 0.000). Longer hospital stay was also
associated with older age, greater median income in the patient's ZIP code, and a higher CCI score.

In the study population, the average total hospitalization charge was $83,358 (95% CI: $80,522-$86,194).
When compared to patients treated on weekdays (mean: $82,879; 95% CI: $80,103-$85,655), those admitted
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on weekends had an average hospital bill of $84,982 (95% CI: $81,645-$88,319). After correcting for
potential confounders in a linear regression model, patients admitted on weekends paid $1,451 higher in
mean total hospitalization expenditures when compared to patients admitted on weekdays (p = 0.07). Higher
mean total hospital charges were independently associated with higher median income in patients' ZIP
codes, admission into urban teaching hospitals, and a higher CCI. Patients who underwent early RRT had a
mean total hospital charge of $77,035 (95% CI: $74,121-$79,950) compared with those who did not (mean:
$87,888; 95% CI: $84,807-$90,924). After controlling for patient and hospital-level variables, early RRT was
found to be related to lower overall average hospitalization charges in a regression analysis. Female gender,
Native American race, and hospital admissions in the Midwest were all related to lower average overall
hospital expenses.

Discussion
The major findings in this study were as follows: (1) patients admitted on weekdays had 8% higher odds of
in-hospital mortality compared to patients admitted on weekends. (2) The odds of receiving an RRT over the
weekend were 9% lower than on weekdays. (3) The overall rate of PD within the study population was less
than 1% and more likely to occur during a weekend admission. (4) HD (including CRRT) was the most
common RRT received by the study population (62%), and on weekends, comparable proportions of HD
sessions were performed as on weekdays. (5) Patients admitted over the weekend had 10% lower odds of
receiving HD. (6) Patients admitted over the weekend had higher renal transplant rates compared to weekday
admissions (1.2% vs. 0.9%, respectively), and being female, older, Black, Asian, or Pacific Islander, or having
a higher CCI score reduced the odds of receiving a renal transplant. (7) Patients admitted on weekends, on
average, wait longer to receive any RRT than patients admitted on weekdays, but have a similar LOS. (8) At
discharge, patients admitted on weekends have higher mean total hospitalization expenditures.

ESRD is the ninth leading cause of death in the US [1]. A total of 62.9% of deaths from ESRD occur within the
hospital [12]. Variables such as age, race, type, and day of admission, expected primary payer, type of
hospital control, and severity of comorbidities have been identified as predictors of in-hospital mortality
[13]. The index study identified weekend admission, older age, higher CCI score, and admission into medium
or large hospitals as important determinants of in-hospital mortality in this patient population. This could
be explained in part by the notion that the patients admitted on weekends are at a higher risk, since they are
admitted as emergencies, than the group admitted on weekdays, and the observed weekend mortality effect
is mostly due to this risk imbalance [14]. Inadequate staffing on weekends, delay in the commencement of
procedural care and interventions, and a high burnout rate have been identified as important determinants
of care and in-hospital mortality in ESRD [15]. Other studies in the US have also found a comparable
elevated risk of death linked to weekend acute hospitalizations for acute renal injury [16,17].

A mortality rate of up to 15-20% and a five-year survival rate of under 50% have been reported for patients
on dialysis [18]. Of the patients receiving HD in this study, 4.2% died during hospitalization. As seen in this
study, a similar proportion of HD sessions may be scheduled on weekends compared to weekdays for a
variety of reasons, including HD treatments can be time-consuming and may last several hours, and patients
(especially those on CRRT) may prefer to have them on weekends when they have more time to rest and
recover; some patients may be unable to schedule sessions during the week due to work or other
commitments; and patients may be able to schedule sessions on weekends because some dialysis centers
have more availability on weekends. Also, some dialysis centers may be more crowded during the week, so
some patients are scheduled for treatments on weekends to ensure they receive optimal care. HD normally
requires patients to adhere to a rigid treatment regimen that includes thrice-weekly dialysis on either
Monday-Wednesday-Friday (MWF) or Tuesday-Thursday-Saturday (TTS). Electrolytes, fluid, and different
uremic toxins accumulate during the periods between dialysis sessions, contributing to an increased risk of
mortality. As a result, the MWF or TTS dialysis schedule may place patients at greater risk of death on some
days. Patients on the MWF schedule, in particular, may be at a higher risk of death on Monday, and those on
a TTS schedule may be at a higher risk on Tuesday because these days follow the longest periods without the
benefit of dialysis. Research examining schedule-specific mortality and the factors that influence it has
discovered that patients on the TTS schedule had higher mortality on Saturdays while those on the MWF
schedule had higher mortality on Fridays [19]. This suggests the possible influence of practice patterns on
weekend mortality.

There could be a number of explanations for why a higher proportion of patients admitted on weekends in
this study received kidney transplants than weekday admissions. One possibility is that there are fewer
elective surgeries scheduled on weekends, so there may be more availability for transplant surgeries.
Another reason could be that transplant surgeons and other medical staff may have more time to devote to
transplant surgeries on weekends, since they may have fewer other commitments. It is also possible that
there are logistical reasons that make it easier to schedule transplant surgeries on weekends. However,
without more information, it is difficult to determine why a higher proportion of patients received renal
transplants on weekends in this study. African Americans are 3.5 times as likely than Whites to have renal
failure, are more likely to require dialysis, and account for more than 33% of individuals on the waiting list
for a renal transplant [20]. Being female, older, and having higher CCI scores have all been associated with a
lower likelihood of receiving a transplant in previous reports [21,22]. The findings of the index study
corroborate these reports.

2023 Uwumiro et al. Cureus 15(1): e34139. DOI 10.7759/cureus.34139 10 of 14

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


Patients admitted on weekends in the index study had a comparable LOS to patients admitted on weekdays.
There could be several reasons why the LOS might be similar for patients admitted on weekends and
weekdays. One possibility is that the severity of the patients’ conditions and the types of treatments
required are similar regardless of the day of admission. Additionally, the availability of certain medical
resources and staffing levels might be consistent across weekdays and weekends in many hospitals, leading
to similar LOS for patients. It is also plausible that hospital policies or protocols are in place to ensure that
patients receive a certain level of care and treatment regardless of the day of admission [23,24].

Limitations
This study had some limitations. Firstly, biases inherent in retrospective studies apply to NIS database
studies. For example, the NIS employs ICD-10-CM/PCS codes to define diagnoses and hospitalization stays,
and as a result, coding inaccuracies are a possibility. Secondly, the majority of ICD-10-CM/PCS codes utilized
by the database do not indicate the severity of an illness. We were unable to ascertain if the severity of the
underlying disease had an impact on the outcomes of ESRD patients admitted on the weekends. Thirdly,
because this study represents data on hospitalizations for ESRD rather than data on specific patients,
anyone who was hospitalized more than once with the same primary diagnosis would be counted multiple
times. It was not possible to assess the cause of mortality or the impact of the conventional thrice-weekly
dialysis schedules on mortality during the weekend since the weekend and mortality variables in NIS are
dichotomous variables. Finally, the NIS database does not contain information on medications taken while
hospitalized or test results that would indicate the severity of an underlying disease. The NIS database
continues to be a trustworthy resource and is frequently used in research despite its limitations.

Conclusions
Patients with ESRD admitted on weekends had lower overall rates of RRT and had to wait longer for RRT
than those admitted on weekdays. However, the average LOS for ESRD patients does not appear to differ
significantly depending on the day of admission. This suggests that there may be other factors at play that
contribute to the observed differences in patient outcomes between weekend and weekday admissions.
Overall, the weekend effect highlights the need for further research to understand the underlying causes of
this phenomenon and to identify strategies to mitigate its negative consequences for patients with ESRD.

Appendices

Variable Procedural ICD-10-CM/PCS code

Performance of urinary filtration, continuous, greater than 18 hours per day 5A1D90Z

Irrigation of peritoneal cavity using the irrigating substance, percutaneous approach 3E1M38Z

Transplantation of left kidney, zooplastic, open approach 0TY10Z2

Transplantation of left kidney, allogeneic, open approach 0TY10Z1

Transplantation of left kidney, allogeneic, open approach 0TY10Z0

Transplantation of right kidney, allogeneic, open approach 0TY00Z0

Transplantation of right kidney, syngeneic, open approach 0TY00Z1

Transplantation of right kidney, zooplastic, open approach 0TY00Z2

Performance of urinary filtration, intermittent, less than 6 hours per day 5A1D70Z

Performance of urinary filtration, prolonged intermittent, 6-18 hours per day 5A1D80Z

TABLE 6: Procedural ICD-10-CM/PCS codes used in the study
ICD-10-CM/PCS: International Classification of Diseases, Tenth Revision, Clinical Modification/Procedure Coding System.

Variable
Diagnostic ICD-10-
CM/PCS Code

End-stage renal disease N186

Hypertensive chronic kidney disease with stage 5 chronic kidney disease or end-stage renal disease I120

Hypertensive heart and chronic kidney disease without heart failure, with stage 5 chronic kidney disease, or I1311
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end-stage renal disease

Hypertensive heart and chronic kidney disease with heart failure and with stage 5 chronic kidney disease, or
end-stage renal disease

I132

Dependence on renal dialysis Z992

Patient's noncompliance with renal dialysis Z9115

Encounter for fitting and adjustment of extracorporeal dialysis catheter Z4901

Encounter for fitting and adjustment of peritoneal dialysis catheter Z4902

Encounter for adequacy testing for hemodialysis Z4931

Encounter for adequacy testing for peritoneal dialysis Z4932

Cloudy (hemodialysis) (peritoneal) dialysis effluent R880

Unspecified complication of foreign body accidentally left in body following kidney dialysis, initial encounter T81512A

Unspecified complication of foreign body accidentally left in body following kidney dialysis, subsequent
encounter

T81512D

Unspecified complication of foreign body accidentally left in body following kidney dialysis, sequela T81512S

Obstruction due to a foreign body accidentally left in the body following kidney dialysis, initial encounter T81522A

Obstruction due to a foreign body accidentally left in the body following kidney dialysis, subsequent encounter T81522D

Obstruction due to a foreign body accidentally left in the body following kidney dialysis, sequela T81522S

Perforation due to a foreign body accidentally left in the body following kidney dialysis, initial encounter T81532A

Perforation due to a foreign body accidentally left in the body following kidney dialysis, subsequent encounter T81532D

Perforation due to a foreign body accidentally left in the body following kidney dialysis, sequela T81532S

Other complications of foreign body accidentally left in the body following kidney dialysis, initial encounter T81592A

Other complications of foreign body accidentally left in the body following kidney dialysis, subsequent
encounter

T81592D

Other complications of foreign body accidentally left in the body following kidney dialysis, sequela T81592S

Breakdown (mechanical) of vascular dialysis catheter T8241

Breakdown (mechanical) of vascular dialysis catheter, initial encounter T8241XA

Breakdown (mechanical) of vascular dialysis catheter, subsequent encounter T8241XD

Breakdown (mechanical) of vascular dialysis catheter, sequela T8241XS

Displacement of vascular dialysis catheter T8242

Displacement of vascular dialysis catheter, initial encounter T8242XA

Displacement of vascular dialysis catheter, subsequent encounter T8242XD

Displacement of vascular dialysis catheter, sequela T8242XS

Leakage of vascular dialysis catheter T8243

Leakage of vascular dialysis catheter, initial encounter T8243XA

Leakage of vascular dialysis catheter, subsequent encounter T8243XD

Leakage of vascular dialysis catheter, sequela T8243XS

Other complications of vascular dialysis catheter T8249

Other complications of vascular dialysis catheter, initial encounter T8249XA

Other complications of vascular dialysis catheter, subsequent encounter T8249XD

Other complications of vascular dialysis catheter, sequela T8249XS

Breakdown (mechanical) of intraperitoneal dialysis catheter, initial encounter T85611A
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Breakdown (mechanical) of intraperitoneal dialysis catheter, subsequent encounter T85611D

Breakdown (mechanical) of intraperitoneal dialysis catheter, sequela T85611S

Displacement of intraperitoneal dialysis catheter, initial encounter T85621A

Displacement of intraperitoneal dialysis catheter, subsequent encounter T85621D

Displacement of intraperitoneal dialysis catheter, sequela T85621S

Leakage of intraperitoneal dialysis catheter, initial encounter T85631A

Leakage of intraperitoneal dialysis catheter, subsequent encounter T85631D

Leakage of intraperitoneal dialysis catheter, sequela T85631S

Other mechanical complications of intraperitoneal dialysis catheter, initial encounter T85691A

Other mechanical complications of intraperitoneal dialysis catheter, subsequent encounter T85691D

Other mechanical complications of intraperitoneal dialysis catheter, sequela T85691S

Infection and inflammatory reaction due to peritoneal dialysis catheter, initial encounter T8571XA

Infection and inflammatory reaction due to peritoneal dialysis catheter, subsequent encounter T8571XD

Infection and inflammatory reaction due to peritoneal dialysis catheter, sequela T8571XS

Failure of sterile precautions during kidney dialysis and other perfusion Y622

Kidney dialysis as the cause of abnormal reaction of the patient, or of later complication, without mention of
misadventure at the time of the procedure

Y841

Complications of kidney transplant T861

Unspecified complications of kidney transplant T8610

Kidney transplant rejection T8611

Kidney transplant failure T8612

Kidney transplant rejection T8613

Other complications of kidney transplant T8619

Encounter for aftercare following kidney transplant Z4822

Kidney transplant status Z940

TABLE 7: Diagnostic ICD-10-CM/PCS codes used in the study
ICD-10-CM/PCS - International Classification of Diseases, Tenth Revision, Clinical Modification/Procedure Coding System.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Animal subjects: All
authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: The authors of this study are members of a large
community of medical researchers actively pursuing a medical residency in the United States. This physician
community is, as one would expect, diverse, with doctors from hospitals all over the world. The authors
listed, however, are a small group within this community who have a special interest in renal medicine and
have prior experience in the use of statistical software such as STATA and administrative databases, such as
the Nationwide Inpatient Sample and the National Emergency Department Sample, to conduct research. All
the listed authors significantly contributed to the conceptualization, design, data collection and coding,
formal analysis, and writing of the manuscript. Apart from the aforementioned, no additional ties,
conditions, or circumstances present a potential conflict of interest.

2023 Uwumiro et al. Cureus 15(1): e34139. DOI 10.7759/cureus.34139 13 of 14



References
1. Hashmi MF, Benjamin O, Lappin SL: End-Stage Renal Disease. StatPearls Publishing, Treasure Island, FL;

2022.
2. Johansen KL, Chertow GM, Foley RN, et al.: US Renal Data System 2020 annual data report: epidemiology of

kidney disease in the United States. Am J Kidney Dis. 2021, 77:A7-8. 10.1053/j.ajkd.2021.01.002
3. Ebrahimi V, Khademian MH, Masoumi SJ, Morvaridi MR, Ezzatzadegan Jahromi S: Factors influencing

survival time of hemodialysis patients; time to event analysis using parametric models: a cohort study. BMC
Nephrol. 2019, 20:215. 10.1186/s12882-019-1382-2

4. Freemantle N, Ray D, McNulty D, Rosser D, Bennett S, Keogh BE, Pagano D: Increased mortality associated
with weekend hospital admission: a case for expanded seven day services?. BMJ. 2015, 351:h4596.
10.1136/bmj.h4596

5. Zhou Y, Li W, Herath C, et al.: Off-hour admission and mortality risk for 28 specific diseases: a systematic
review and meta-analysis of 251 cohorts. J Am Heart Assoc. 2016, 5:e003102. 10.1161/JAHA.115.003102

6. National (Nationwide) Inpatient Sample (NIS) database documentation . (2022). Accessed: December 29,
2022: https://www.hcup-us.ahrq.gov/db/nation/nis/nisdbdocumentation.jsp.

7. Healthcare Cost and Utilization Project. Introduction to the HCUP National Inpatient Sample 2017 . (2020).
Accessed: December 29, 2022: https://www.hcup-us.ahrq.gov/db/nation/nis/NIS_Introduction_2017.jsp.

8. HCUP methods series. (2022). Accessed: December 29, 2022: http://www.hcup-
us.ahrq.gov/reports/methods/methods.jsp.

9. Schütte-Nütgen K, Thölking G, Dahmen M, et al.: Is there a "weekend effect" in kidney transplantation? .
PLoS One. 2017, 12:e0190227. 10.1371/journal.pone.0190227

10. Fabbian F, De Giorgi A, Di Simone E, et al.: Weekend effect and in-hospital mortality in elderly patients with
acute kidney injury: a retrospective analysis of a national hospital database in Italy. J Clin Med. 2020,
9:1815. 10.3390/jcm9061815

11. Sakhuja A, Schold JD, Kumar G, Dall A, Sood P, Navaneethan SD: Outcomes of patients receiving
maintenance dialysis admitted over weekends. Am J Kidney Dis. 2013, 62:763-70. 10.1053/j.ajkd.2013.03.014

12. Lovell N, Jones C, Baynes D, Dinning S, Vinen K, Murtagh FE: Understanding patterns and factors associated
with place of death in patients with end-stage kidney disease: a retrospective cohort study. Palliat Med.
2017, 31:283-8. 10.1177/0269216316655747

13. Adeyemi E, Okpe A, Enete C, Dixon K: Clinical and sociodemographic predictors of mortality in end-stage
renal disease inpatients in rural areas of the USA: evidence from the Nationwide Inpatient Sample. Cureus.
2022, 14:e25624. 10.7759/cureus.25624

14. Bressman E, Rowland JC, Nguyen VT, Raucher BG: Severity of illness and the weekend mortality effect: a
retrospective cohort study. BMC Health Serv Res. 2020, 20:169. 10.1186/s12913-020-5029-6

15. Wolfe WA: Adequacy of dialysis clinic staffing and quality of care: a review of evidence and areas of needed
research. Am J Kidney Dis. 2011, 58:166-76. 10.1053/j.ajkd.2011.03.027

16. Kostis WJ, Demissie K, Marcella SW, Shao YH, Wilson AC, Moreyra AE: Weekend versus weekday admission
and mortality from myocardial infarction. N Engl J Med. 2007, 356:1099-109. 10.1056/NEJMoa063355

17. James MT, Wald R, Bell CM, Tonelli M, Hemmelgarn BR, Waikar SS, Chertow GM: Weekend hospital
admission, acute kidney injury, and mortality. J Am Soc Nephrol. 2010, 21:845-51. 10.1681/ASN.2009070682

18. University of California San Francisco. The Kidney Project . (2020). Accessed: January 7, 2023:
https://pharm.ucsf.edu/kidney.

19. Zhang H, Schaubel DE, Kalbfleisch JD, et al.: Dialysis outcomes and analysis of practice patterns suggests
the dialysis schedule affects day-of-week mortality. Kidney Int. 2012, 81:1108-15. 10.1038/ki.2011.481

20. Harding K, Mersha TB, Pham PT, Waterman AD, Webb FA, Vassalotti JA, Nicholas SB: Health disparities in
kidney transplantation for African Americans. Am J Nephrol. 2017, 46:165-75. 10.1159/000479480

21. Pérez Fernández M, Martínez Miguel P, Ying H, et al.: Comorbidity, frailty, and waitlist mortality among
kidney transplant candidates of all ages. Am J Nephrol. 2019, 49:103-10. 10.1159/000496061

22. Aaronson KD, Schwartz JS, Goin JE, Mancini DM: Sex differences in patient acceptance of cardiac transplant
candidacy. Circulation. 1995, 91:2753-61. 10.1161/01.cir.91.11.2753

23. Ryan K, Levit K, Davis PH: Characteristics of weekday and weekend hospital admissions . Healthcare Cost
and Utilization Project (HCUP) Statistical Briefs. Agency for Healthcare Research and Quality, Rockville,
MD; 2010.

24. Ko SQ, Strom JB, Shen C, Yeh RW: Mortality, length of stay, and cost of weekend admissions . J Hosp Med.
2018, 13:476-81. 10.12788/jhm.2906

2023 Uwumiro et al. Cureus 15(1): e34139. DOI 10.7759/cureus.34139 14 of 14

https://www.ncbi.nlm.nih.gov/books/NBK499861/
https://dx.doi.org/10.1053/j.ajkd.2021.01.002
https://dx.doi.org/10.1053/j.ajkd.2021.01.002
https://dx.doi.org/10.1186/s12882-019-1382-2
https://dx.doi.org/10.1186/s12882-019-1382-2
https://dx.doi.org/10.1136/bmj.h4596
https://dx.doi.org/10.1136/bmj.h4596
https://dx.doi.org/10.1161/JAHA.115.003102
https://dx.doi.org/10.1161/JAHA.115.003102
https://www.hcup-us.ahrq.gov/db/nation/nis/nisdbdocumentation.jsp
https://www.hcup-us.ahrq.gov/db/nation/nis/nisdbdocumentation.jsp
https://www.hcup-us.ahrq.gov/db/nation/nis/NIS_Introduction_2017.jsp
https://www.hcup-us.ahrq.gov/db/nation/nis/NIS_Introduction_2017.jsp
http://www.hcup-us.ahrq.gov/reports/methods/methods.jsp
http://www.hcup-us.ahrq.gov/reports/methods/methods.jsp
https://dx.doi.org/10.1371/journal.pone.0190227
https://dx.doi.org/10.1371/journal.pone.0190227
https://dx.doi.org/10.3390/jcm9061815
https://dx.doi.org/10.3390/jcm9061815
https://dx.doi.org/10.1053/j.ajkd.2013.03.014
https://dx.doi.org/10.1053/j.ajkd.2013.03.014
https://dx.doi.org/10.1177/0269216316655747
https://dx.doi.org/10.1177/0269216316655747
https://dx.doi.org/10.7759/cureus.25624
https://dx.doi.org/10.7759/cureus.25624
https://dx.doi.org/10.1186/s12913-020-5029-6
https://dx.doi.org/10.1186/s12913-020-5029-6
https://dx.doi.org/10.1053/j.ajkd.2011.03.027
https://dx.doi.org/10.1053/j.ajkd.2011.03.027
https://dx.doi.org/10.1056/NEJMoa063355
https://dx.doi.org/10.1056/NEJMoa063355
https://dx.doi.org/10.1681/ASN.2009070682
https://dx.doi.org/10.1681/ASN.2009070682
https://pharm.ucsf.edu/kidney
https://pharm.ucsf.edu/kidney
https://dx.doi.org/10.1038/ki.2011.481
https://dx.doi.org/10.1038/ki.2011.481
https://dx.doi.org/10.1159/000479480
https://dx.doi.org/10.1159/000479480
https://dx.doi.org/10.1159/000496061
https://dx.doi.org/10.1159/000496061
https://dx.doi.org/10.1161/01.cir.91.11.2753
https://dx.doi.org/10.1161/01.cir.91.11.2753
https://www.ncbi.nlm.nih.gov/books/NBK53602/
https://dx.doi.org/10.12788/jhm.2906
https://dx.doi.org/10.12788/jhm.2906

	Weekend Effect on Mortality, Access to Renal Replacement Therapy, and Other Outcomes Among Patients With End-Stage Renal Disease: A Retrospective Analysis of the Nationwide Inpatient Sample
	Abstract
	Introduction
	Materials And Methods
	Design and data source
	Study population
	Study variables
	Main outcome measurements
	Statistical analysis
	Ethical considerations

	Results
	Patient characteristics
	TABLE 1: Patient and hospital characteristics
	FIGURE 1: Proportion of patients receiving renal replacement therapy in the study population
	FIGURE 2: Number of patients who received renal replacement therapy on weekends versus weekdays

	In-hospital mortality based on the day of admission
	TABLE 2: Adjusted odds of in-hospital mortality among patients admitted over the weekend

	In-hospital RRT rates and time to RRT based on the day of admission
	TABLE 3: Adjusted odds of peritoneal dialysis among patients admitted over the weekend
	TABLE 4: Adjusted odds of hemodialysis among patients admitted over the weekend
	TABLE 5: Adjusted odds of renal transplantation among patients admitted over the weekend

	The total length of hospital stay and total hospitalization charges

	Discussion
	Limitations

	Conclusions
	Appendices
	TABLE 6: Procedural ICD-10-CM/PCS codes used in the study
	TABLE 7: Diagnostic ICD-10-CM/PCS codes used in the study

	Additional Information
	Disclosures

	References


