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ABSTRACT

Background. The Institute of Medicine has identified the com-
parative effectiveness of renal replacement therapies as a kidney-

related topic among the top 100 national priorities. Given the im-

portance of ensuring internal and external validity, the goal of this

study was to identify potential sources of bias in observational

studies that compare outcomes with different dialysis modalities.
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Methods. This observational cohort study used data from the
electronic medical records of all patients that started mainten-
ance dialysis in the calendar years 2007–2011 and underwent
treatment for at least 60 days in any of the 2217 facilities oper-
ated by DaVita Inc. Each patient was assigned one of six dialysis
modalities for each 91-day period from the date of first dialysis
(thrice weekly in-center hemodialysis (HD), peritoneal dialysis
(PD), less-frequent HD, home HD, frequent HD and nocturnal
in-center HD).
Results. Of the 162 644 patients, 18% underwent treatment
with a modality other than HD for at least one 91-day period.
Except for PD, patients started treatment with alternative mo-
dalities after variable lengths of treatment with HD; the time
until a change in modality was shortest for less-frequent HD
(median time = 6 months) and longest for frequent HD
(median time = 15 months). Between 30 and 78% of patients
transferred to another dialysis facility prior to change in modal-
ity. Finally, there were significant differences in baseline and
time-varying clinical characteristics associated with dialysis
modality.
Conclusions. This analysis identified numerous potential
sources of bias in studies of the comparative effectiveness of
dialysis modalities.

Keywords: bias, comparative effectiveness research, end-stage
renal disease, hemodialysis, peritoneal dialysis

INTRODUCTION

Over the past 30 years, the risks of hospitalization and death for
patients undergoing maintenance dialysis in the USA have
declined significantly; yet, challenges remain [1]. The median
life expectancy of patients starting renal replacement therapy
in the USA is only approximately 3 years, and patients spend
an average of 12 days in the hospital annually [1, 2]. The over-
whelming majority of patients are treated with thrice-weekly
in-center hemodialysis (TWICHD) and most of the rest per-
form peritoneal dialysis (PD) at home. However, an increasing-
ly larger number of patients are being treated with modified
hemodialysis (HD) regimens that include significantly longer
treatment times (nocturnal), or different frequency (two to
six times/week), or alternative platforms (e.g. NxStage System
One) [3–5]. Most of these alternative regimens differ signifi-
cantly from the ones tested in clinical trials conducted by the
Frequent Hemodialysis Network [6, 7].

Treatment with these alternative dialysis modalities sig-
nificantly alters and/or increases the burden of treatment on
patients. It is critically important to perform a rigorous assess-
ment of the true nature of the benefit, if any, of these alternative
modalities on patient-centered outcomes. Underscoring the
importance of this issue, the Institute of Medicine identified
comparing the effectiveness of renal replacement therapies as
the only kidney-disease-related topic among the top 100 initial
national priorities for comparative effectiveness research [8].
Given the challenges in randomly assigning patients to modal-
ities with disparate effects on lifestyles, observational studies
have remained the mainstay of such comparative effectiveness

research. In order to generate valid estimates of effects of dif-
ferent modalities, it is important to identify and account for
all potential sources of bias in such comparisons. Most studies,
however, thus far have considered only differences in patient
characteristics at the time of start of maintenance dialysis [3,
5, 9–12]. This study was undertaken to test the hypothesis
that there are significant differences not only in baseline, but
also time-varying patient- and facility-level characteristics
among individuals treated with six distinct maintenance dialy-
sis modalities.

METHODS

Study population and data source

The study cohort comprised all patients who started main-
tenance dialysis in calendar years 2007–2011 and received treat-
ment in one of the facilities operated by DaVita Inc. Patients
<18 years of age at baseline, or who did not receive treatment
for at least 60 days were excluded. Our study population is com-
prised of 162 644 individuals (Figure 1). All data were obtained
from electronic records at DaVita.

Dialysis modality, access type and dialysis facility
assignments

The entire follow-up period for each patient was divided into
successive 91-day periods from the date of first dialysis of that
patient; follow-up was available for up to 20 such periods. Each
patient was assigned one of six different dialysis modalities for
each 91-day period—TWICHD, PD, less-frequent in-center
HD (less-frequent HD; ≤two times/week with identical pattern
of days of theweek for treatment), homeHD, frequent in-center
HD (frequent HD;≥three times/week) and nocturnal in-center
HD (NICHD). Each patient was considered to be treated with a
given modality if she/he was treated with that particular modal-
ity for at least 60 consecutive days. The modality assigned for
any given 91-day period was the therapy with which the patient
was treated for ≥45 days of the period. The dialysis access with
which the patient was treated for more than 45 days was

F IGURE 1 : Consort diagram describing the creation of the study
cohort.
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assigned as the access for the period. Each patient was also as-
signed a dialysis facility where the patient received care for ≥45
days in the period.

Hemodynamic, other dialysis-related and laboratory para-
meters were summarized for each 91-day period as arithmetic
means. Similarly, summary values of each parenteral medica-
tion were computed for each period.

Statistical analysis

Patients who were treated for at least one 91-day period with
PD, less-frequent HD, home HD, frequent HD or NICHDwere
categorized as ‘ever-PD’, ‘ever-less-frequent HD’, ‘ever home
HD’, ‘ever frequent HD’ and ‘ever NICHD’, respectively. Pa-
tients who were treated only with TWICHD during follow-up
were grouped as ‘only TWICHD’. Descriptive statistics were
calculated for patients in each of the six categories. At baseline,
data for spKt/V were missing for 8% of subjects, pre-dialysis
body weight for 6%, and hemoglobin, hematocrit, transferrin
saturation, ferritin, albumin, calcium, phosphorous, parathy-
roid hormone and alkaline phosphatase for 1–2%. Multiple im-
putation was used for missing data for all regression analyses.
Standard graphical diagnostics for linear regression was per-
formed to assess the fit of the multiple imputation models. In
addition, differences in summary statistics between the com-
plete case data and missing values and the imputed data were
also checked.

The characteristics of patients treated with each of the five
alternative modalities were compared with those treated only
with TWICHD. In order to build parsimonious descriptive
models, multivariate backward stepwise logistic regression
models were fitted to assess the strength of association between
candidate covariates and the assignment of ever being treated
with an alternative modality. A threshold of P < 0.05 was set
for inclusion and removal from the model. Age, gender and
race were kept in the models, regardless of statistical significance.

To compare characteristics that might be related to transfer-
ring from TWICHD to an alternative modality, a nested case–
control design was used thatmatched subjects on treatment his-
tory and the calendar year of start of maintenance dialysis. Spe-
cifically, patients that transferred from TWICHD into PD,

less-frequent HD, Home HD, frequent HD or NICHD (cases)
were 1:1 matched with patients who continued treatment with
TWICHD up to the quarter of transfer (controls), and the year
of start of maintenance dialysis. Descriptive statistics were cal-
culated for relevant covariates for patients who transferred and
their associated matched controls. For these patients, in the 91
days prior to the transfer, 10–15% of the data were missing for
pre-dialysis body weight, hemoglobin, hematocrit, transferrin
saturation, ferritin, albumin, calcium, phosphorus, parathyroid
hormone, alkaline phosphatase and spKt/V, which were im-
puted using multiple imputation. Five different multivariate
backward stepwise conditional logistic regression models were
fitted using the same approach as for analyzing predictors of
‘ever’ being treated with each of the alternative dialysis modal-
ities. Each regression included the appropriate matched pairs of
cases and controls.

All statistical analyses were performed with Stata 13.0 for
Windows (Stata Corp, College Station, TX, USA) and R version
3.0.0 for Windows (R Foundation for statistical computing,
Vienna, Austria).

RESULTS

Utilization of alternative dialysis modalities from the time
of initiation of dialysis

Of the 162 644 incident patients over the 5-year period,
18% underwent treatment with a dialysis modality other
than TWICHD for at least one 91-day period: PD, 11%; less-
frequent HD, 3%; home HD, 2%; frequent HD, 1% and noc-
turnal HD, 1% (Table 1). While most patients that were ever
treated with PD utilized the therapy as the initial dialysis mo-
dality, the vast majority of patients treated with alternative
HDmodalities started treatment with the alternative modality
after variable lengths of initial treatment with TWICHD
(Table 1). The median time from the initiation of dialysis to
start of treatment with the specific modality was shortest for
less-frequent HD (6 months), followed by nocturnal and
home HD (9 months each), and longest for frequent HD
(15 months). The accrual of patients into each of the

Table 1. Accrual of patients into dialysis modalities other than thrice-weekly in-center hemodialysis

Peritoneal
dialysis n (%)

Less-frequent
in-center
hemodialysis n (%)

Home
hemodialysis n
(%)

Frequent in-center
hemodialysis n (%)

Nocturnal in-center
hemodialysis n (%)

Patients who started maintenance dialysis with this
modality

9835 (54) 1173 (26) 485 (18) 126 (7) 355 (24)

Patients who entered the cohort ≥91 days after first
dialysis while being treated with this modality

1667 (9) 96 (2) 398 (15) 18 (1) 112 (8)

Patients who transferred after continuous treatment
with thrice-weekly in-center hemodialysis

6461 (35) 3292 (71) 1513 (57) 1653 (87) 827 (57)

Patients treated with thrice-weekly in-center
hemodialysis initially but information on dialysis
modality in the 91-days period preceding transfer
was unavailable

128 (1) 0 (0) 62 (2) 1 (0) 45 (3)

Patients who transferred to this modality after
treatment with modality other than thrice-weekly
in-center hemodialysis

186 (1) 51 (1) 195 (8) 89 (5) 113 (8)

All 18 277 (100) 4612 (100) 2653 (100) 1887 (100) 1452 (100)
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alternative dialysis modalities from the time of initiation of
dialysis is illustrated in Figure 2.

Baseline and time-varying predictors of treatment with
alternative dialysis modalities

Of the 18 277 patients ever treated with PD, 16 612 (91%)
entered the cohort within the first 91 days of start of dialysis;
PD was the initial dialysis modality for 59% (Supplementary
data, Table S1). Compared with individuals treated only with
TWICHD, patients ever treated with PD were younger, more
likely to be white or to have had insurance other than Medicare
or Medicaid, and treated in a region other than the Northeast
(Table 2). They were also more likely to have diabetes, dyslipi-
demia or atherosclerotic heart disease at baseline. However,
they were less likely to have congestive heart failure or be hos-
pitalized in the first quarter after initiating dialysis. They had
higher baseline serum albumin, lower body weight and serum
ferritin, and required lower cumulative iron dose in the first 91-
day period (Table 2 and Supplementary data, Table S1). After a
median treatment of 5 months with TWICHD, 6461 patients
transferred to PD; 36% transferred to another dialysis facility
at the same time as the change inmodality. In the 91-day period
immediately preceding the transfer, patients who transferred to
PD were more likely to be hospitalized, to have lower serum fer-
ritin and higher cumulative iron dose compared with matched
controls (Table 3 and Supplementary data, Table S1).

Of the 4612 patients ever treated with Less-Frequent HD,
4517 (98%) entered the cohort within the first 91 days of start

of dialysis; less-frequent HDwas the initial dialysis modality for
28% (Supplementary data, Table S2). Compared with indivi-
duals treated only with TWICHD, less-frequent HD patients
were older and more commonly white, male and treated in
the South. They were less likely to have had diabetes as their
cause of end-stage renal disease, and had lower body weight
(Table 2 and Supplementary data, Table S2). In the first
91-day period from the initiation of dialysis, they had signifi-
cantly lower adjusted odds of being hospitalized, and had high-
er serum albumin. After a median treatment of 9 months with
TWICHD, 3292 patients transferred to less-frequent HD; 2%
transferred to another dialysis facility at the same time as the
change in modality (Supplementary data, Table S2). In the
91-day period immediately preceding the transfer, patients
who transferred to less-frequent HD had significantly shorter
HD treatment time compared with matched controls (Table 3
and Supplementary data, Table S2).

Of the 2653 patients ever treated with homeHD, 2255 (85%)
entered the cohort within the first 91 days of start of dialysis;
homeHDwas the initial dialysis modality for 25% (Supplemen-
tary data, Table S3). On an average, the patients received 3.7
treatments per week for 165 min per session. Compared with
individuals treated only with TWICHD, home HD patients
were younger, more likely to be white, male and had insurance
other than Medicare or Medicaid (Table 3 and Supplementary
data, Table S3). They were more likely to have had a prior kid-
ney transplant, diabetes, hypertension, congestive heart failure,
atherosclerotic heart disease, dyslipidemia or a body weight

F IGURE 2 : Summary illustration of utilization of five different dialysis modalities by patients in the cohort relative to the time of initiation of
maintenance dialysis. The entire follow-up period for any given patient was divided into 91-day intervals from the day of first dialysis. Each data
point in each panel represents the proportion of all patients ever treated with the dialysis modality (viz., peritoneal dialysis for up to 5-years of
follow-up) who were undergoing treatment with that particular dialysis modality at that point of time. For example, of the 2653 patients treated
with home hemodialysis over the 5-year study period, 25%were being treated with the modality 24months from the date of first dialysis treatment.
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Table 2. Predictors from the first 91-day period of start of first dialysis of treatment with dialysis modalities other than thrice-weekly in-center hemodialysis at any time during follow-up (adjusted odds ratio with
95% confidence interval) with each group compared only to patients who were treated only with thrice-weekly in-center hemodialysis during the entire period of follow-up (n = 113 129)

Peritoneal dialysis Less-frequent hemodialysis Home hemodialysis Frequent in-center hemodialysis Nocturnal in-center hemodialysis

Baseline variables
Age, per 5 years 0.86 (0.85, 0.87) 1.04 (1.03, 1.06) 0.82 (0.80, 0.84) 0.92 (0.90, 0.94) 0.83 (0.81, 0.85)
Race (reference, white)
Blacks 0.43 (0.40, 0.46) 0.82 (0.69, 0.99) 0.41 (0.35, 0.47) NS NS
Hispanics 0.68 (0.59, 0.79) 0.56 (0.50, 0.63) 0.60 (0.42, 0.86) 0.58 (0.51, 0.67) 0.80 (0.68, 0.94)
Asian 0.68 (0.59, 0.79) 0.82 (0.69, 0.99) 0.60 (0.42, 0.86) NS NS
Other 0.54 (0.47, 0.63) 0.82 (0.67, 1.00) 0.39 (0.27, 0.58) 0.66 (0.50, 0.86) 0.37 (0.22, 0.63)

Gender (reference, females) 0.87 (0.82, 0.92) 1.17 (1.08, 1.26) 1.16 (1.02, 1.31) NS NS
Primary health insurance (reference, Medicare)
Medicaid 0.64 (0.57, 0.72) NS 0.60 (0.44, 0.81) NS NS
Other Insurance 1.17 (1.11, 1.25) NS 1.61 (1.43, 1.82) NS 1.43 (1.23, 1.66)

Cause of ESRD (reference, diabetes)
Hypertension 1.14 (1.05, 1.23) 1.23 (1.11, 1.36) 0.58 (0.49, 0.69) NS NS
Glomerular disease 1.63 (1.49, 1.77) 1.55 (1.35, 1.77) 1.72 (1.43, 2.06) NS NS
Other 1.17 (1.08, 1.27) 1.37 (1.22, 1.54) 1.55 (1.31, 1.84) NS NS

H/O previous transplant 1.27 (1.07, 1.50) NS 2.14 (1.64, 2.79) NS 1.69 (1.11, 2.59)
Comorbidities
Diabetes 1.82 (1.71, 1.94) 1.12 (1.02, 1.22) 1.34 (1.17, 1.55) 1.16 (1.02, 1.31) 1.33 (1.13, 1.57)
Hypertension 1.13 (1.06, 1.21) NS 3.32 (2.90, 3.81) NS 1.78 (1.54, 2.06)
Congestive heart failure 0.60 (0.57, 0.64) NS 1.60 (1.42, 1.79) 61.65 (42.90, 88.58) NS
Atherosclerotic heart disease 1.58 (1.48, 1.68) 1.18 (1.07, 1.30) 1.79 (1.57, 2.05) NS NS
Other cardiovascular disease NS NS NS NS 1.70 (1.43, 2.02)
Dyslipidemia 2.26 (2.17, 2.45) NS 1.71 (1.52, 1.93) NS NS

Time-varying variables
Hospitalized in the first 91-days 0.84 (0.80, 0.89) 0.73 (0.67, 0.80) 0.72 (0.64, 0.82) 1.26 (1.13, 1.41) NS
Body weight, >100 kg 0.89 (0.83, 0.95) NS 1.57 (1.37, 1.78) 1.86 (1.65, 2.09) 1.39 (1.20, 1.62)
Vascular access type (reference: AV Fistula)
Central venous catheter 1.11 (1.00, 1.23) 0.55 (0.48, 0.63) NS 0.68 (0.57, 0.82)
AV graft NS 0.65 (0.47, 0.91) NS NS
Unknown NS 0.76 (0.59, 0.97) NS NS

Treatment variables (if first modality, in-center hemodialysis)
Length of each hemodialysis session, minutes (per 30 min) 1.06 (1.02, 1.09) 0.52 (0.50, 0.55) 0.92 (0.86, 1.00) NS 2.89 (2.70, 3.09)
Pre-dialysis systolic blood pressure (per 10 mm Hg) NS NS NS NS NS
Pre-dialysis diastolic blood pressure (per 10 mm Hg) 1.21 (1.19, 1.25) 1.07 (1.03, 1.12) 1.09 (1.03, 1.16) NS 1.14 (1.07, 1.22)
Maximum change in blood pressure per treatment (per 5 mm Hg) 0.96 (0.94, 0.97) NS 0.94 (0.91, 0.97) NS NS
Weight change during treatment, kg NS NS NS NS NS
Week-day interdialytic weight gain, per 1% 0.98 (0.97, 0.99) 0.87 (0.85, 0.89) 0.94 (0.91, 0.98) 1.01 (1.00, 1.02) NS
Weekend interdialytic weight gain, per 1% NS NS NS NS NS

Lab variables
Hemoglobin, g/dL (per 1 g/dL 1.04 (1.02, 1.07) NS NS NS 0.93 (0.87, 0.99)

Iron saturation, (per 1%) NS NS NS NS NS
Serum ferritin (per 1 ng/mL) NS NS NS NS NS
Serum albumin, (per 1 g/dL) 1.46 (1.38, 1.56) 1.59 (1.44, 1.74) 1.64 (1.44, 1.88) NS 1.38 (1.17, 1.62)
spKt/V (per 0.1 units) 0.99 (0.98, 1.00) 1.12 (1.11, 1.13) NS 0.95 (0.94, 0.97) NS
Serum calcium (per 1 mg/dL) NS NS NS NS NS
Serum phosphorus (per 1 mg/dL) NS 0.81 (0.78, 0.84) NS NS NS
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>100 kg. In the first 91-day period from the initiation of dialy-
sis, they were more likely to have been dialyzed with an arterio-
venous fistula, had higher serum albumin and lower serum
ferritin and cumulative iron dose. After a median treatment
of 11 months with TWICHD, 1513 patients transferred to
home HD; 78% transferred to another dialysis facility at the
same time as the change in modality (Supplementary data,
Table S3). In the 91-day period immediately preceding the
transfer, patients who transferred to home HD were less likely
to be hospitalized, had higher serum albumin and received
lower cumulative dose of parenteral iron comparedwithmatched
controls who continued treatment with TWICHD (Table 3 and
Supplementary data, Table S3).

Of the 1887 patients ever treated with frequent HD, 1879
(99.5%) entered the cohort within the first 91 days of start of
dialysis; frequent HD was the initial dialysis modality for 8%
(Supplementary data, Table S4). Compared with individuals
treated only with TWICHD, frequent HD patients were young-
er, more likely to be white and male. They were significantly
more likely to have diabetes or dyslipidemia and had a higher
body weight (Table 2 and Supplementary data, Table S4). The
overwhelming majority of frequent HD patients have a history
of congestive heart failure (Table 2). In the first 91-day period
from the initiation of dialysis, they had significantly lower
serum ferritin levels. After a median treatment of 15 months
with TWICHD, 1653 patients transferred to frequent HD; 2%
transferred to another dialysis facility at the same time as the
change in modality (Supplementary data, Table S4). In the
91-day period immediately preceding the transfer, patients
who transferred to frequent HD were more likely to have
been hospitalized and received higher cumulative dose of par-
enteral iron compared with controls (Table 3 and Supplemen-
tary data, Table S4).

Of the 1452 patients ever treated with NICHD, 1340 (92%)
entered the cohort within the first 91 days of start of dialysis;
NICHD was the initial dialysis modality for 29% (Supplemen-
tary data, Table S5). Compared with individuals who were trea-
ted only with TWICHD, NICHD patients were younger, more
likely to be male, Hispanic or Asian, and had insurance other
than Medicare or Medicaid (Table 2 and Supplementary data,
Table S5). They were more likely to have a history of kidney
transplant, diabetes, hypertension, congestive heart failure, ath-
erosclerotic heart disease or dyslipidemia, and had higher body
weight. In the first 91-day period from the initiation of dialysis,
they were more likely to have been dialyzed with an arterioven-
ous fistula and had lower serum ferritin and phosphorous
levels. After a median treatment of 14 months with TWICHD,
827 patients transferred to NICHD; 30% of these individuals
transferred to another dialysis facility at the same time as the
change in dialysis modality (Supplementary data, Table S5).
In the 91-day period immediately preceding the transfer,
patients who transferred to NICHD were more likely to be hos-
pitalized, compared with controls (Table 3 and Supplementary
data, Table S5).

Dialysis modalities and facility

Over the 5-year period, the study cohort received care in
2217 facilities in 45 states. Patients received care for TWICHD,
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Table 3. Predictors of transfer from thrice-weekly in-center hemodialysis to alternative modality, with time-varying variables derived from the 91-day period immediately preceding the transfer, compared with a
cohort treated only with thrice-weekly in-center hemodialysis, matched for the length of time after date of first dialysis to the time of transfer (data are presented as adjusted odds ratio with 95% confidence interval)

Peritoneal dialysis
(n = 6461)

Less-frequent hemodialysis
(n = 3292)

Home hemodialysis
(n = 1513)

Frequent in-center hemodialysis
(n = 1653)

Nocturnal in-center hemodialysis
(n = 827)

Baseline variables
Age, per 5 years 0.88 (0.86, 0.91) 1.07 (1.03, 1.11) 0.73 (0.67, 0.78) 0.90 (0.85, 0.95) 0.75 (0.69, 0.81)
Race (reference, white)
Blacks 0.37 (0.32, 0.42) 0.55 (0.35, 0.86) 0.29 (0.19, 0.44) NS NS
Hispanics 0.46 (0.39, 0.54) 0.56 (0.44, 0.72) 0.15 (0.08, 0.28) 0.54 (0.36, 0.80) NS
Asian 0.55 (0.41, 0.74) 0.75 (0.57, 0.97) 0.26 (0.09, 0.71) 0.47 (0.30, 0.74) NS
Other 0.54 (0.41, 0.71) NS 0.18 (0.07, 0.50) 0.23 (0.10, 0.49) NS

Gender (reference, females) 0.83 (0.74, 0.92) 1.63 (1.34, 1.98) 1.67 (1.16, 2.40) NS NS
Primary health insurance (reference, Medicare)
Medicaid NS NS NS NS NS
Other Insurance 1.15 (1.04, 1.28) NS 1.50 (1.04, 2.17) NS NS

Cause of ESRD (reference, diabetes)
Hypertension NS NS NS NS NS
Glomerular Disease 2.06 (1.71, 2.48) 1.84 (1.33, 2.55) NS NS NS
Other 1.32 (1.12, 1.55) 1.42 (1.09, 1.86) NS NS NS

H/O previous transplant NS NS NS NS NS
Comorbidities
Diabetes 1.82 (1.60, 2.07) NS 1.96 (1.27, 3.03) NS NS
Hypertension 1.14 (1.01, 1.30) NS 3.36 (2.25, 5.02) NS NS
Congestive heart failure 0.56 (0.50, 0.62) NS NS 48.01 (23.88, 96.49) 1.57 (1.00, 2.45)
Atherosclerotic heart disease 1.62 (1.42, 1.86) NS 1.92 (1.24, 2.98) NS 1.83 (1.09, 3.06)
Other cardiovascular disease NS NS 2.03 (1.39, 2.98) NS NS
Dyslipidemia 2.27 (2.02, 2.52) NS NS NS NS

Time-varying variables
Hospitalized in the 91-day period prior to transfer 1.13 (1.01, 1.28) 0.69 (0.56, 0.85) 0.58 (0.38, 0.88) 2.13 (1.55, 2.93) NS
Body weight, >100 kg NS NS 1.90 (1.23, 2.93) 2.37 (1.68, 3.33) 1.69 (1.05, 2.70)
Vascular Access Type (Reference: AV Fistula)
Central Venous Catheter 1.40 (1.13, 1.73) 0.31 (0.21, 0.47) 0.65 (0.47, 0.91) 0.48 (0.30, 0.77)
AV Graft NS 0.50 (0.27, 0.94) NS NS
Unknown NS NS 0.36 (0.15, 0.85) NS

Treatment Variables (in-center hemodialysis in the preceding 91 days)
Length of each hemodialysis session, minutes (per

30 min)
NS 0.39 (0.35, 0.44) 0.57 (0.46, 0.70) NS 2.94 (2.35, 3.69)

Pre-dialysis systolic blood pressure (per 10 mmHg) NS NS NS NS NS
Pre-dialysis diastolic blood pressure (per 10 mm

Hg)
1.31 (1.24, 1.39) 1.19 (1.08, 1.32) NS NS NS

Maximum change in blood pressure per treatment
(per 5 mm Hg)

0.95 (0.93, 0.97) NS NS NS NS

Weight change during treatment, kg NS NS NS NS NS
Week-day interdialytic weight gain, per 1% 0.96 (0.94, 0.98) 0.87 (0.83, 0.92) NS 1.21 (1.10, 1.33) NS
Weekend interdialytic weight gain, per 1% NS NS NS NS NS

Lab Variables
Hemoglobin, g/dL (per 1 g/dL 1.07 (1.02, 1.13) NS NS 0.81 (0.70, 0.95) NS

Iron Saturation, (per 1%) NS NS NS NS NS
Serum Ferritin (per 1 ng/mL) NS NS NS NS NS
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PD, less-frequent HD, home HD, frequent HD and NICHD in
2020, 1042, 1219, 520, 671 and 183 facilities, respectively
(Figure 3). Of the 520 facilities where patients received care
for home HD, 30% provided care only to patients with that
modality. Of the 1042 facilities where patients received care
for PD, only 4% provided care exclusively to patients with
that modality.

DISCUSSION

Maintenance dialysis is a life-saving therapy for patients with
end-stage renal disease but it imposes a significant burden of
treatment. Because the nature of this burden varies by dialysis
modality, it is critically important to generate robust data for the
comparative effectiveness of various modalities for diverse
group of individuals and a broad range of outcomes to allow pa-
tients to make informed choices. Given the challenges in con-
ducting randomized controlled clinical trials of modalities with
disparate effects on patients’ lifestyle, observational studies are
the mainstay of comparative effectiveness research in this field.
Our examination of data from a large dialysis provider illus-
trates at least four sources of potential confounding or bias:
time course of accrual into and treatment with various dialysis
modalities, patient characteristics at the time of start of main-
tenance dialysis, change in health status over time and the facil-
ities where care is delivered.Many of these factors have not been
routinely considered in studies to date and importantly, vary by
dialysis modality.

The overwhelming majority of patients in the USA are trea-
ted with TWICHD; however, a much larger proportion is trea-
ted with alternative dialysis modalities than is reflected by
point-prevalent counts. Except for PD, most of the patients
started treatment with alternative dialysis modalities after vary-
ing periods of TWICHD. Failure to consider this staggered
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F IGURE 3 : Overlap of availability of different dialysis modalities in
the 2217 facilities in 45 states where patients received care. Each circle
represents the facilities that offered treatment with any of the six dif-
ferent dialysis modalities, with the size of each circle proportional to
the number of facilities. Of the 2217 facilities in 45 states where patients
received care, patients received care for TWICHD, PD, less-frequent
HD, homeHD, frequentHD andNICHD in 2020, 1042, 1219, 520, 671
and 183 facilities, respectively.
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start may lead to biased estimates of the comparative effective-
ness of dialysis modalities because the first few months around
the time of initiation of maintenance dialysis is a high-risk per-
iod for adverse outcomes [13]. Under-representation of alterna-
tive dialysis modalities in this high-risk period, as shown in this
study, may create a survival bias against TWICHD [14]. Even
after the first few months, the risk for death for patients under-
going maintenance dialysis is quite high. Hence, the longer the
interval from the time of dialysis initiation to the transfer to an
alternative dialysis modality, the greater is the risk for survivor
bias. As an illustration of the same concept, several studies have
demonstrated that PD patients who transfer to the therapy after
a period of treatment with TWICHD have poorer outcomes
compared with those who start maintenance dialysis with PD
[15, 16]. Whether the same pattern of risk applies to patients
treated with homeHD orNICHD or other modalities is present-
ly not known. These considerations highlight the importance of
minimizing the potential bias deriving from the staggered start of
dialysis modalities.

There were also differences in the demographic and clinical
characteristics at the time of start of maintenance dialysis be-
tween patients treated with various dialysis modalities. The
bias from differences in age or race is easy to understand and
simple to account for in survival analyses. However, the poten-
tial bias from other measured characteristics may not be readily
evident. For example, the body weight of patients treated with
PD was lower, and the weight of home HD patients higher than
individuals treated exclusively with TWICHD. While a higher
body weight is associated with a lower risk of death among pa-
tients undergoing TWICHD, the implications of differences in
body weight in comparing various dialysis modalities are far
less clear [17, 18]. Moreover, there are significant differences
in the burden of co-existing diseases between patients treated
with different dialysis modalities. For example, while patients
treated with PD were more likely to have a history of athero-
sclerotic heart disease but less likely to have congestive heart
failure. The patients treated with home HD had a higher preva-
lence of both these conditions, and virtually every patient trea-
ted with frequent HD had a history of congestive heart failure.
Most studies comparing the outcomes of patients treated with
different dialysis modalities have considered differences in
baseline demographic and clinical characteristics to some ex-
tent, either by including them as covariates or with the use of
propensity scores [2–5].

In contrast to differences in health status of patients at the
time of start of maintenance dialysis, most studies have not
considered differences in these parameters over time. This is
particularly important when comparing different HD modal-
ities, because few patients start maintenance dialysis with the
modality towhich their outcomes are being attributed (Table 1).
In these cases, using data on clinical characteristics at the time
of start of maintenance dialysis is often far removed from and
hence, less important to the outcomes being attributed to the
modality. The time-varying parameters include risk factors
such as dialysis access, surrogate measures of health such as
hospitalizations or serum albumin or ferritin or change in
body weight, residual kidney function, exposure to medications
such as iron, erythropoiesis-stimulating drugs or vitamin D

receptor activators, and experience with TWICHD (such as
inter-dialytic weight gain or hemodynamic tolerability) or re-
sults of other laboratory parameters. These factors likely have
effects on clinical outcomes and may also affect the decision
of switching dialysis modality. Our study illustrates some of
these differences in time-varying parameters, shows how they
vary by dialysis modality and hence underscores the import-
ance of accounting for potential bias arising from these
differences.

Finally, facility-level differences are another important po-
tential source of bias as illustrated by our study. There are sig-
nificant geographic differences in the utilization of various
dialysis modalities (Tables 2 and 3). Facility-level differences
in both practice patterns and outcomes of patients undergoing
maintenance dialysis are well described [15, 19–21]. Further-
more, the availability of different dialysis modalities varied
considerably across facilities. Thus, 30–78% of patients that
transferred from TWICHD to home dialysis modalities or
NICHD also changed the dialysis facility where they received
care. There are several potential reasons why facility-level
differences may introduce bias. These include differences in
practice patterns, staff experience and demographic, case-
mix, and socioeconomic characteristics of patients treated
in the facility. It is also likely that goals and preferences of
healthcare providers in different facilities may vary and are
an important but unmeasured source of bias. Hence, facility-
level covariates might be important in examining hetero-
geneity in comparative effects of different modalities for
subgroups of patients.

The results of our study should be interpreted in light of
some potential limitations. First, the data were derived from
facilities operated by a single dialysis provider. However, this
constitutes almost one-third of all patients undergoing main-
tenance dialysis in the country. Moreover, studies both from
within and outside the USA suggest similar sources of bias
when comparing dialysis modalities [2, 3, 5, 22, 23]. Second,
data were available only from the time the patients received
care in facilities operated by a single provider, but not after
they switched to facilities operated by other dialysis providers.
Using data from the United States Renal Data System might
have partially overcome this limitation, but the information
on many of these dialysis modalities (such as NICHD or fre-
quent or less-frequent HD) and the granularity of data that
are used in the present study are not available from the national
registry. Third, data on residual kidney function at the time of
initiation of dialysis that are not available may have influenced
the selection of dialysis modality, which is an important but
often unmeasured source of bias.

In conclusion, our analysis illustrates several potential im-
portant sources of bias at both patient and facility levels that
would need to be considered to validly study the comparative
effectiveness of dialysis modalities, including both patient-
and facility-level characteristics. The potential sources of bias
vary by dialysis modality and it is imperative to consider and
account for these in comparative effectiveness research studies
for valid identification and estimation of the benefits and risks
with any given dialysis modality.
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