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Rationale & Objective: Thrice-weekly hemodialy-
sis can result in adequate urea clearance; however,
the morbidity and mortality rates of patients treated
with maintenance dialysis remain unacceptably
high, partly because of nonadherence. African
Americans have a higher prevalence of kidney
failure treated with dialysis, greater dialysis non-
adherence, and higher odds of hospitalization. We
hypothesized that more precise ways of assessing
dialysis treatment adherence will reflect the
severity of nonadherence, distinguish patterns of
nonadherence, and inform the design of personal-
ized behavioral interventions.

Study Design: Retrospective cohort study.

Setting & Participants: African American patients
receiving hemodialysis for >90 days.

Exposure: Hemodialysis.

Outcome: Dialysis adherence.

Analytical Approach: Dialysis attendance data
were displayed using a dot plot, categorized
based on missed and shortened treatments, and
examined for patterns. Descriptive characteristics
were reported. In an exploratory analysis, asso-
ciations between dialysis treatment adherence
and participant characteristics were evaluated
using ordinary least squares regression. An
analysis was performed using missed minutes of
dialysis and current metrics for measuring dialysis
treatment adherence (ie, missed and shortened
treatments).
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Results: Among 113 African American patients
treated with dialysis, 47% were men; the median
age was 57 years (interquartile range, 46-70 years),
and the median dialysis vintage was 54 months
(interquartile range, 22-90 months). With rows or-
dered based on the total missed minutes of dialysis,
the dot plot displayed a decreasing gradient in the
severity of nonadherence, with novel dialysis treat-
ment adherence categories termed as follows:
consistent underdialysis, inconsistent dialysis, and
consistent dialysis. Distinct patterns of non-
adherence and heterogeneity emerged within these
categories. Older age was consistently associated
with better adherence, as determined by the ana-
lyses performed using the total missed minutes of
dialysis as well as missed and shortened treatments.

Limitations: The study findings, although repli-
cable and paradigm-shifting, might be limited by
the short timeline, focus on adherence data
specific to African American patients treated with
dialysis, and restriction to dialysis units affiliated
with 1 academic center.

Conclusions: This study presents more precise
and novel ways of measuring and displaying dial-
ysis treatment adherence. The findings introduce a
more personalized approach for evaluating actual
dialysis uptake. Identification of unique patterns of
adherence behavior is important to inform the
design of effective behavioral interventions and
improve outcomes for vulnerable African American
patients treated with dialysis.
Kidney failure treated with dialysis is a significant public
health concern.1-3 The current evidence-based practice

of thrice-weekly hemodialysis treatments provides adequate
urea clearance but fails to fully mitigate excessively high
morbidity and mortality rates persistent in patients treated
with maintenance dialysis.4 Excessive dialysis-related hos-
pitalizations deplete >30% of the Medicare end-stage kidney
disease budget of $30 billion, and patients treated with
maintenance dialysis undergo twice the number of hospi-
talizations of other age-matched patients with chronic
conditions.1,5,6 Nonadherence to prescribed dialysis treat-
ment schedules is a key modifiable target to reduce the risk
of increased hospitalizations.7-9 This is critically important
among African American patients treated with dialysis, who
constitute w12% of the US population but comprise 32%
of patients treated with dialysis and face challenges associ-
ated with structural racism and health inequities.10,11

Despite a paradoxical survival benefit seen in these pa-
tients compared with non-Hispanic White patients
treated with dialysis, African American patients treated
with dialysis have a 4-fold higher kidney failure prev-
alence rate, 4-fold higher odds of hospitalization, and
higher dialysis treatment nonadherence rates compared
with White patients.6-8,12-17

Dialysis treatment adherence data specific to African
Americans, or those reported based on race, are
limited.13,18 Details related to shortened treatments are
limited, and in general, there is wide variation in the
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PLAIN-LANGUAGE SUMMARY
African Americans have a higher prevalence of kidney
failure treated with dialysis and higher rates of non-
adherence to hemodialysis, which are associated with
excessive hospitalizations and increased financial costs.
It is critical to improve existing knowledge of hemo-
dialysis nonadherence by improving and enhancing the
current methods of assessing hemodialysis adherence.
To guide intervention development, the assessment of
hemodialysis nonadherence should include details of
the type of (shortened vs missed hemodialysis treat-
ments), severity of, and variation in patterns of he-
modialysis treatment nonadherence. This study fills the
existing void by introducing more precise and novel
ways of measuring and displaying hemodialysis
adherence using missed minutes of dialysis, a contin-
uous measure, and a graphical display of hemodialysis
adherence data using a dot plot.
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adherence levels reported in the literature. For instance,
50% of patients reportedly shortened and/or missed their
treatments in a cohort with 41.2% African American pa-
tients treated with dialysis, whereas 18.4% and 3.1% of
African American patients treated with hemodialysis
shortened and missed their dialysis treatments, respec-
tively, in another study.19,20 Existing literature currently
defines dialysis treatment nonadherence as missing ≥1
dialysis treatments or shortening dialysis treatments by
>10 or 15 minutes per treatment per month.20-23

Although these definitions are currently accepted, they
may benefit from augmentation with more specific details
to robustly ascertain and characterize the nature of missing
and shortening behaviors among patients treated with
dialysis. To improve the understanding of the impact of
missing and shortening dialysis treatments on outcomes as
well as guide intervention development, it is important to
explore more precise ways of assessing dialysis treatment
nonadherence. Ideally, this should include information on
the type and severity of dialysis treatment nonadherence as
well as intraindividual and interindividual variability in
patterns of nonadherence. It is also important to provide
these details specifically for African American patients
treated with dialysis.

The standards for calculating dialysis adequacy (Kt/V)
extrapolate the urea clearance measured in a single dialysis
and assume that dialysis occurs for the same amount of
time thrice weekly, making adherence critical.24 Dialysis
treatment adherence data would be more clinically
meaningful and precise if the total number of missed
minutes of dialysis per month were also reported.
Currently, adherence data are reported as completed or
missed treatments and/or the number of minutes of
dialysis prescribed and delivered per treatment. However,
2

reporting dialysis treatment adherence data as an aggregate
sum of the number of missed minutes of dialysis per
month will provide an opportunity for a comparison of the
differential impact of the various forms of dialysis treat-
ment nonadherence: missed versus shortened treatments.
Additionally, there is a gap in our knowledge of patient
behaviors specific to dialysis treatment adherence, which
can be addressed by a better understanding of patterns of
dialysis treatment adherence behavior. Patterns of dialysis
treatment adherence behavior will provide a framework
for studying and understanding the underlying psycho-
social predictors of adherence, offer an opportunity for a
deeper appreciation of the potential dynamic nature of
these predictors, and provide additional information on
the character and severity of dialysis treatment non-
adherence, thereby facilitating the design of effective and
personalized behavioral interventions.

Developing interventions to change patient behavior is a
complex, multistaged process. It starts with an appreciation
of the health problem and the underlying target behavior
change, an understanding of the underlying determinants of
the problematic behavior, the setting of intervention ob-
jectives, the selection of behavior change techniques, and
the development of a practical intervention delivery
method.25 To reach subcultural groups and reduce health
disparities, behavioral interventions designed to promote
the health of racial or ethnic minorities need to be culturally
tailored.26-30 Cultural tailoring of interventions involves
strategies that either have a “surface” or a “deep” struc-
ture.30 Although deep structure-based strategies involve an
assessment of factors that require a profound understanding
of the cultural values of a population, surface structure-
based strategies match the components of an intervention
with observable characteristics of the population. The
former is beyond the scope of this study; however, the latter
requires an understanding of the heterogeneity of any
population of interest. This study aimed to provide critical
information to guide the development of more effective and
personalized behavioral interventions to address dialysis
treatment nonadherence in African Americans.
METHODS

Participant Selection

The institutional review board approved this retrospective
cohort study as an exempt study, with waived informed
consent. The study was conducted within a 3-month
observational period (between February 2017 and April
2017) in 2 hemodialysis clinics affiliated with an urban
academic medical center. The study population consisted
of all African Americans, at least 18 years old, with kidney
failure treated with in-center hemodialysis for >90 days.

Data Collection

The participants’ age, sex, and dialysis treatment infor-
mation, such as dialysis clinic, dialysis schedule (ie, days of
Kidney Med Vol 4 | Iss 2 | February 2022



Table 1. Dialysis Adherence Characteristics Based on Sex

Male (n=53) Female (n=60) Combined (N=113)
Age, median (IQR) 56.0 (47.0-66.0) 59.0 (45.8-72.0) 57.0 (46.0-70.0)
Clinic
Dialysis unit A 32% (17) 42% (25) 37% (42)
Dialysis unit B 68% (36) 58% (35) 63% (71)

Dialysis days
MWF 62% (32) 61% (36) 61% (68)
TTS 38% (20) 39% (23) 39% (43)

Dialysis shift
First 55% (29) 55% (33) 55% (62)
Second 36% (19) 33% (20) 35% (39)
Third 4% (2) 7% (4) 5% (6)
Fourth 6% (3) 5% (3) 5% (6)

Vintage, median (IQR) 56.0 (29.0-86.0) 46.0 (21.2-91.0) 54.0 (22.0-90.0)
Vintage categories
<1 y 21% (11) 18% (11) 19% (22)
1-5 y 32% (17) 42% (25) 37% (42)
>5 y 47% (25) 40% (24) 43% (49)

Number of missed treatments, median (IQR) 0.00 (0.00-3.00) 1.00. (0.00-2.25) 1.00. (0.00-3.00)
Number of shortened treatments 3 (1-7) 3 (1-7) 3 (1-7)
Missed treatment categories, % (n)
0 51% (27) 40% (24) 45% (51)
1-3 28% (15) 42% (25) 35% (40)
4-6 13% (7) 13% (8) 13% (15)
7-9 6% (3) 0% (0) 3% (3)
>9 2% (1) 5% (3) 4% (4)

Shortened treatment categories, % (n)
0 15% (8) 17% (10) 16% (18)
1-3 43% (23) 38% (23) 41% (46)
4-6 15% (8) 18% (11) 17% (19)
7-9 9% (5) 8% (5) 9% (10)
10-12 6% (3) 7% (4) 6% (7)
>12 11% (6) 12% (7) 12% (13)

Missed/shortened categories, % (n)
Both 45% (24) 52% (31) 49% (55)
Missed 4% (2) 8% (5) 6% (7)
Perfect 11% (6) 8% (5) 10% (11)
Shortened 40% (21) 32% (19) 35% (40)

Missed min, median (IQR) 404 (68.8-1,121.2) 465 (138.8-1,145.0) 435.5 (113.5-1,130.8)
Hospitalization categories, % (n)
Hospitalizations: no 66% (35) 55% (33) 60% (68)
Hospitalizations: yes 34% (18) 45% (27) 40% (45)

ER categories, % (n)
ER: no 60% (31) 70% (42) 65% (73)
ER: yes 40% (21) 30% (18) 35% (39)
Abbreviations: ER, emergency room; IQR, interquartile range; MWF, Monday, Wednesday, and Friday; TTS, Tuesday, Thursday, and Saturday.
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the week and shift), and dialysis vintage (ie, length of time
on dialysis), were extracted from their medical records.
The details of each dialysis treatment were extracted,
including the number of prescribed and delivered dialysis
treatments, number of missed and shortened dialysis
treatments, number of missed and shortened minutes of
dialysis, and details of emergency room visits, hospitali-
zations, and excused travel that occurred during the study
period. Excused travel describes travel with arrangements
Kidney Med Vol 4 | Iss 2 | February 2022
made for dialysis elsewhere. The patients’ routine dialysis
treatments were counted as completed if rescheduled,
regardless of whether they occurred on a different day
from the patients’ usual dialysis days (Monday,
Wednesday, and Friday vs Tuesday, Thursday, and Satur-
day). Dialysis treatments that did not occur because of
hospitalizations or excused travel were not documented as
missed treatments. Nonadherence data were captured as
the total number of missed minutes of dialysis as well as
3
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missed or shortened treatments, which were defined as
missing ≥1 dialysis treatments per month and shortening a
dialysis treatment by >15 minutes of the prescribed time
for an individual treatment, respectively.

Measures

The measures included age (in years), sex (male or fe-
male), dialysis clinic (unit A or B), dialysis days (Monday,
Wednesday and Friday or Tuesday, Thursday, and Satur-
day), dialysis shift (first, second, third, fourth), dialysis
vintage (months on dialysis), dialysis vintage category
(<1 year, 1-5 years, >5 years), total number of missed
dialysis minutes (continuous), number of missed treat-
ments (continuous), missed treatments (0, 1-3, 4-6, 7-9,
>9), number of shortened treatments (continuous),
shortened treatments (0, 1-3, 4-6, 7-9, 10-12, >12),
hospitalization (no or yes), and emergency room visits (no
or yes). If a treatment was shortened, it was subcategorized
into shortened minutes (16-30, 31-60, or >60 minutes).

Statistical Analysis

Statistical analyses were performed using R. Descriptive
statistics were reported overall and based on sex using
median (interquartile range [IQR]) for continuous vari-
ables and percentage (frequency) for categorical vari-
ables. The details of every dialysis treatment for each
patient were graphically displayed using a dot plot
grouped by novel dialysis treatment adherence cate-
gories. The dot plot was initially created manually using
Microsoft Excel and subsequently created with a com-
bination of R and a vector graphics program. Novel
dialysis treatment adherence categories were generated
by a clinician and were descriptive based on the visual
display of the adherence data in the dot plot over the 3-
month study window. The 3-month timeline was
deemed reasonable, given the evidence of significant
differences in all-cause mortality among patients treated
with dialysis with versus without ≥1 missed treatment
over a 4-month period.13

An exploratory analysis of the association between de-
mographic or clinical factors and dialysis treatment
adherence was performed using the Wilcoxon or Kruskal-
Wallis test for continuous variables and the χ2 test for
categorical variables. The total number of missed minutes,
missed treatments, shortened treatments, and missed +
shortened treatments were analyzed using an ordinary least
squares regression model. Given the nature of this small
cohort and the limited observation period, this analysis
was limited to a few covariates: age, sex, dialysis vintage,
clinic, dialysis days, and dialysis shift. For all models, age
was included with restricted cubic splines to capture po-
tential nonlinear associations with the outcome. The as-
sociation between each of the covariates and the 5
outcomes were summarized using partial effect plots.
Hypotheses related to the model’s covariates were tested
using likelihood ratio statistics.
4

RESULTS

A total of 122 African American patients treated with
maintenance dialysis received hemodialysis treatments at
the affiliated dialysis clinics during the study period, and
113 were included in the study. Patients were excluded if
they had received hemodialysis for <90 days (n=4),
transferred care to a different dialysis clinic, or received a
kidney transplant (n=5). Table 1 shows the population
characteristics overall and stratified by sex. The median age
of the patients was 57 years (IQR, 46-70 years), 47% of
the patients were men (n=53), and the median dialysis
vintage was 54 months (IQR, 22-90 months). More pa-
tients underwent dialysis according to the Monday-
Wednesday-Friday schedule compared with those who
underwent dialysis according to the Tuesday-Thursday-
Saturday schedule (61% vs 39%, respectively). Most of
the patients underwent dialysis during the first, early
morning, shift (55%; n=62), whereas many of the
remaining patients underwent dialysis during the second,
midday, shift (35%; n=39). Very few patients underwent
dialysis during the third, late afternoon (5%; n=6), and
fourth, nocturnal (5%; n=6), shifts. The median number
of missed minutes of dialysis was 435.5 (IQR, 113.5-
1130.8). The median number of missed treatments was 1
(IQR, 0-3) and the median number of shortened treat-
ments was 3 (IQR, 1-7) within the 3-month observation
period. The number of patients who missed at least 1
treatment but did not shorten any of their treatments was 7
(6%), whereas the number of patients who shortened but
did not miss any treatments was 40 (35%). The proportion
of missed minutes of dialysis due to missed and shortened
treatments was 57.78% (49,825 minutes) and 42.22%
(36,405 minutes), respectively. A total of 55 patients
(49%) both missed and shortened their dialysis treatments,
whereas 11 patients (10%) had perfect dialysis treatment
attendance. The proportion of female patients who missed
dialysis treatments was higher than that of male patients
(60% vs 49%, respectively). A total of 39 patients (35%)
visited the emergency room during the study time frame,
whereas 45 patients (40%) were hospitalized.

Figure 1 shows a dot plot of the treatment
adherence details of each patient across the 3-month
study window grouped by novel dialysis treatment
adherence category and ordered based on the total
missed minutes of dialysis. Because the rows were
ordered based on the number of missed minutes, the
figure illustrates a decreasing gradient in the severity
of nonadherence from the top to the bottom of the
dot plot. Three distinct patterns of nonadherence
emerged within each of these qualitatively derived
categories: a heterogeneous pattern of nonadherence,
labeled as consistent underdialysis; a less heteroge-
neous pattern of nonadherence, labeled as inconsis-
tent dialysis; and a near-homogenous pattern of
adherence, labeled as consistent dialysis (Fig 1). The
heterogeneous pattern seen in the consistently
Kidney Med Vol 4 | Iss 2 | February 2022



Figure 1. Dot plot of dialysis treatment adherence by treatment days. Abbreviations: min, minutes; N/A, not applicable.
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Figure 2. (A) Relationship between the missed minutes of dialysis and key factors. (B) Relationship between missed plus shortened
treatments and key factors. Abbreviations: MWF, Monday, Wednesday, and Friday; TTS, Tuesday, Thursday, and Saturday.
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underdialyzed group highlights marked interindividual
variation in adherence behavior, ranging from
consecutive shortened treatments to consecutive
missed treatments as well as missed treatments
interspersed with shortened treatments. The hetero-
geneity in the pattern was further evident from
intraindividual and interindividual variations in the
severity and mix of shortened treatments within the
underdialyzed group. Some patients consistently
shortened their treatments by >60 minutes, others
consistently shortened their treatments by either 16-
30 minutes or 30-60 minutes, and others exhibited a
mix in the range of shortened minutes of dialysis.
6

The analyses using ordinary least squares regression
model to determine the relationship between dialysis
adherence and demographic plus dialysis-specific factors
(ie, dialysis days, shifts, and clinic) showed that age is
nonlinearly associated with the total number of missed
minutes (ie, sum of minutes from missed treatments and
shortened treatments) of dialysis treatment. Based on a
comparison of the 25th to 75th quartiles of age, a 46-
year-old patient, compared with a 70-year-old patient, is
estimated to miss an additional 389.32 minutes (95%
confidence interval, 113.98-664.65 minutes) of dialysis
treatment (P = 0.02), holding other factors constant
(Fig 2A). This association held true for the analyses of age
Kidney Med Vol 4 | Iss 2 | February 2022
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and missed plus shortened treatments; when a 46-year-old
patient (25th quartile) is compared with a 70-year-old
patient (75th quartile), the 46-year-old patient is esti-
mated to miss or shorten an average of 3.33 treatments
(95% confidence interval, 0.96-5.70 treatments; P =
0.02), holding other factors constant (Fig 2B).
DISCUSSION

This article describes novel methods of characterizing
dialysis treatment adherence. The use of total missed mi-
nutes of dialysis to assess dialysis treatment adherence is
feasible, adds rigor, provides additional details on adher-
ence, and offers a more precise assessment of adherence
patterns than missed and shortened treatment categories.
The dot plot is a powerful visual illustration of dialysis
treatment adherence data, and its impact is further
enhanced when the rows are ordered using available in-
formation on the total missed minutes of dialysis. This
facilitates the creation of novel dialysis treatment adher-
ence categories that reflect the actual uptake of dialysis.
The novel dialysis treatment adherence categories
described in this study are descriptive and replicable, and
the dot plot provides a detailed snapshot of the severity and
complexity of adherence behavior. Variation in the
emerging patterns of dialysis treatment adherence within
these categories and the interindividual variability in the
patterns highlight the need for personalization of in-
terventions, especially among those in the consistently
underdialyzed category.

From a statistical standpoint, the measurement of dial-
ysis treatment adherence as a continuous variable (the total
minutes of missed dialysis) is more powerful than pre-
senting the same data as a dichotomous or categorical
variable because it prevents the loss of information and the
underestimation of the extent of variability in outcomes
between groups.31 From a clinical perspective, missed
minutes of dialysis is a uniform and standardized measure
of both missed and shortened treatments that offers an
opportunity for a comparison of the differential impact of
both forms of nonadherence on clinical outcomes. As a
more precise measure of adherence, it can potentially be
leveraged as a shared decision-making tool to provide clear
and complete information to patients, support autonomy
related to the self-care of patients treated with dialysis, and
encourage adherence.32 Further, the measurement of
adherence in terms of the missed minutes of dialysis aligns
very closely with the current metrics of measuring dialysis
adequacy (Kt/V), which incorporate the number of
delivered minutes of dialysis into its calculation.24 Thus, as
a measure of dialysis treatment adherence, reporting the
missed minutes of dialysis provides additional clinically
meaningful information. From a research vantage point,
missed minutes of dialysis provide more precise infor-
mation than missed or shortened treatments and are useful
for evaluating adherence-related outcomes, such as
Kidney Med Vol 4 | Iss 2 | February 2022
hospitalizations and mortality, and designing tailored
interventions.

Reporting adherence rates alone provides limited
insight into a patient’s underlying behavior. On the other
hand, categorization of patients into groups based on
adherence metrics and appreciation of variation in patterns
of adherence behavior existent within categories of pa-
tients with similar adherence metrics, as illustrated in the
dot plot, is extremely useful. It will enhance our under-
standing of the underlying barriers to successful patient
engagement in all prescribed dialysis treatments and pro-
vide relevance to clinical practice. Describing and under-
standing patterns of adherence behavior will facilitate the
design of personalized interventions. This has been
demonstrated in adherence research, wherein categoriza-
tion of adherence behavior patterns made up for the wide
variation in reported rates of adherence with ocular anti-
hypertensive eye drops and provided additional informa-
tion about patient behavior, including predictors of
adherence.33 Patients who discontinue these eye drops
after a short time are different from those who go on
consecutive, prolonged “drug holidays”; those who have
variable and frequent missed doses; and those who are
mostly adherent.33 The recognition and integration of
knowledge of these underlying differences in adherence
behavior has led to a good agreement between adherence
categories and medications or behavioral treatments.34

Research conducted on adherence to antiretroviral medi-
cations has provided patient-centered evidence that pa-
tients do not view adherence as a single entity, but rather
as variable patterns of adherence. In a qualitative study
describing patient-led classification of adherence, it was
noted that adherence behavioral patterns likely have
different causes and health consequences; predictors of
adherence may not necessarily be pattern-specific; and
patterns of adherence behavior may not be stable over
time.35 These have implications in intervention
development.

The graphical presentation of adherence data was suc-
cessfully used to identify and present medication adher-
ence data for travoprost eye drops by plotting interdose
intervals against time.36 Such a graphical format made it
easy to identify the patterns of medication adherence
behavior and provided additional information such as data
on treatment holidays and changes in adherence over
time.36 To our knowledge, no study of dialysis treatment
adherence has presented dialysis treatment adherence data
in a graphical format. The use of the dot plot in this study
as a powerful graphical illustration of adherence data was
motivated by a study that used the dot plot for the illus-
tration of mutation spectra of gene sequences from vector
proviral DNA.37 This novel use of the dot plot in this study
provides additional useful information to inform research
and clinical practice, such as the density of nonadherence;
pertinent dialysis treatment adherence-related details, eg,
excused travel, emergency room visits, and
7
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hospitalizations; and heterogeneity in adherence pattern,
especially among those patients who consistently undergo
underdialysis.

Importantly, the dot plot provides additional, novel
metrics that could be useful for facility-level evaluations.
It also provides vital information for quality improve-
ment, which could improve care in facilities by drawing
attention to the need for an increase in social work
efforts. Although its application can certainly be
extended to other patient populations, the use of the dot
plot in this study as an excellent analytic tool for
enhanced identification of nonadherence in African
American patients treated with hemodialysis who are
affected by social determinants of health, aligns well
with the current goals of the Center for Medicare and
Medicaid Services concerning increasing health equity
and reducing disparities in care.

In this study, potential bias in the amount of pre-
scribed or delivered dialysis was not measured. Bias in
delivered dialysis might have existed if the dialysis staff
had taken the patients off dialysis early or encouraged
them not to visit for dialysis. Bias in prescribed dialysis
might have existed if African American patients treated
with dialysis had been prescribed longer dialysis times
when their health status might support a shorter time
compared with other patients treated with dialysis.
Although racial disparities in hemodialysis quality mea-
sures have been well described, racial differences specific
to dialysis prescription, with a focus on treatment
duration, have not been reported.38 There is lack of
existing data on racial disparities in measured urine
output; however, being Black has been associated with a
lower likelihood of self-reported urine output.39 Because
residual kidney function is important for hemodialysis
prescriptions, a consistent evaluation of self-reported
urine output in the clinical setting should be consid-
ered because it will likely enhance dialysis patients’
awareness of the importance of residual kidney function
on their health outcomes, increase their engagement in
their care, and optimize the prescribed hemodialysis
time. It is important to acknowledge that a shorter he-
modialysis duration may not necessarily lead to
improved adherence, and it has actually been associated
with a reduced risk of nonadherence to treatment
among patients treated with dialysis.40 Further, in a
study limited to African American patients treated with
hemodialysis, those who underwent dialysis according
to the Tuesday-Thursday-Saturday schedule had higher
“no-show” rates and shortened hemodialysis times,
suggesting that other factors, such as days of the week,
influence dialysis uptake.41 Nonetheless, the importance
of shared decision making in optimizing dialysis care
cannot be overemphasized, and it should extend beyond
its application in the selection of kidney replacement
therapy and dialysis initiation to include its application
in the personalization of dialysis prescriptions.42,43
8

This study fills a void by proposing an advancement in
the method of measuring adherence by presenting dialysis
treatment adherence data as a continuous measure of
missed minutes of dialysis per month. In addition to
increasing precision, it provides a holistic overview of
dialysis adherence by integrating data on shortened dialysis
treatments, thus augmenting the existing dialysis treatment
adherence literature.7,8,18 This study introduces a unique
categorization system for dialysis treatment adherence.
Further, it pilots a novel visual presentation of adherence
data with the categorization of patients into groups based
on the severity of nonadherence and the identification of
unique patterns of adherence behavior within categories,
which is necessary to inform the design of personalized
interventions. It is not enough to simply group patients
into adherence categories based on rates; it is important to
appreciate that there could also be a gradient of actual
delivered dialysis within each adherence category because
of unique adherence patterns. These could be reflective of
different patient behaviors, plausibly driven by a variety of
underlying psychosocial factors. This study’s singular focus
on the vulnerable population of African American patients
treated with maintenance dialysis receiving in-center he-
modialysis who are at an increased risk of being non-
adherent to dialysis is novel. However, we acknowledge
that the measures we introduced in this study help in the
identification of opportunities for intervention in all pa-
tients treated with hemodialysis, irrespective of their race
or ethnicity. Finally, this study’s strategy for better un-
derstanding adherence behavioral patterns and enhancing
chances of successfully designing effective adherence in-
terventions in the future is unique.

The study findings have some limitations. First, the
findings might not be generalizable because this was a 3-
month observational study in a limited sample of African
American patients treated with dialysis from dialysis cen-
ters affiliated with 1 academic medical center. However,
this is a representative sample of African American patients
treated with dialysis, and these findings are replicable,
innovative, and thought-provoking and shift the paradigm
in thinking in terms of the current metrics for reporting,
describing, and displaying adherence data. Second, we did
not review the adherence data for the entire cohort of
patients in the dialysis unit at the time; therefore, there
might have been unit-level factors contributing to the
adherence patterns that we could not explore because we
did not have data available for all the patients in the facility
at that time. Third, variation in dialysis adherence patterns
might be difficult to appreciate if the available data are
limited (eg, 1 month of adherence data); hence, the 3-
month timeline was selected for this study. Further, an
assessment of the impact of missed minutes of dialysis on
clinical outcomes, the potential presence of an unmeasured
bias in dialysis prescriptions for African American patients
treated with dialysis, and the association between shared
decision making to determine the optimal dialysis
Kidney Med Vol 4 | Iss 2 | February 2022
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prescription and reasons for missed dialysis treatments are
beyond the scope of this study. Future research should
include a more extensive study with a longer timeline to
provide additional information on the impact of
measuring missed minutes of dialysis on clinical practice,
stability or changes in the observed dialysis adherence
patterns, the definition of quantitative cutoff values for the
novel adherence categories over time, and the association
between adherence categories and predictors or clinical
outcomes. Finally, the data available from this observa-
tional cohort did not include pertinent data such as reasons
for shortening treatments (eg, late transportation), which
might have been outside a patient’s control. However, the
recognition of variations in patterns of adherence behavior
in patients treated with dialysis will facilitate the devel-
opment of personalized interventions that involve a deeper
investigation of, and a targeted approach toward handling
the underlying reasons for adherence.

In summary, dialysis treatment adherence is a challenge
in the African American population, and effective in-
terventions remain elusive. The current methods of
assessing dialysis treatment adherence are simplistic, fail to
reflect the complexity of adherence, and could be
improved to facilitate the successful design of adherence
interventions. This study presents more precise and novel
ways of measuring dialysis treatment adherence, display-
ing it graphically, grouping it into categories, and incor-
porating the heterogeneity in patterns of adherence into
the intervention’s design. This paradigm shift in dialysis
treatment adherence measurement and display is necessary
to significantly advance research and clinical practice and
inform a personalized approach toward the achievement of
consistent dialysis for vulnerable African American patients
treated with dialysis. It is a critical step in the path to
addressing existing disparities to achieve equity in terms of
providing care for patients with kidney disease.
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