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Effects of Technology Assisted Stepped Collaborative Care Intervention
to Improve Symptoms in Patients Undergoing Hemodialysis
The TĀCcare Randomized Clinical Trial
Manisha Jhamb, MD, MPH; Jennifer L. Steel, PhD; Jonathan G. Yabes, PhD; Maria-Eleni Roumelioti, MD;
Sarah Erickson, PhD; Susan M. Devaraj, PhD; Kevin E. Vowles, PhD; Yoram Vodovotz, PhD; Scott Beach, PhD;
Steven D. Weisbord, MD, MSc; Bruce L. Rollman, MD, MPH; Mark Unruh, MD, MS

IMPORTANCE Patients with end-stage kidney disease (ESKD) undergoing long-term
hemodialysis often experience a high burden of debilitating symptoms for which effective
treatment options are limited.

OBJECTIVE To compare the effectiveness of a stepped collaborative care intervention vs
attention control for reducing fatigue, pain, and depression among patients with ESKD
undergoing long-term hemodialysis.

DESIGN, SETTING, AND PARTICIPANTS Technology Assisted Stepped Collaborative Care
(TĀCcare) was a parallel-group, single-blinded, randomized clinical trial of adult (�18 years)
patients undergoing long-term hemodialysis and experiencing clinically significant levels of
fatigue, pain, and/or depression for which they were considering treatment. The trial took
place in 2 US states (New Mexico and Pennsylvania) from March 1, 2018, to June 31, 2022.
Data analyses were performed from July 1, 2022, to April 10, 2023.

INTERVENTIONS The intervention group received 12 weekly sessions of cognitive behavioral
therapy delivered via telehealth in the hemodialysis unit or patient home, and/or
pharmacotherapy using a stepped approach in collaboration with dialysis and primary care
teams. The attention control group received 6 telehealth sessions of health education.

MAIN OUTCOMES AND MEASURES The coprimary outcomes were changes in fatigue
(measured using the Functional Assessment of Chronic Illness Therapy Fatigue), average pain
severity (Brief Pain Inventory), and/or depression (Beck Depression Inventory-II) scores at 3
months. Patients were followed up for 12 months to assess maintenance of intervention
effects.

RESULTS There were 160 participants (mean [SD] age, 58 [14] years; 72 [45%] women and 88
[55%] men; 21 [13%] American Indian, 45 [28%] Black, 28 [18%] Hispanic, and 83 [52%]
White individuals) randomized, 83 to the intervention and 77 to the control group. In the
intention-to-treat analyses, when compared with controls, patients in the intervention group
experienced statistically and clinically significant reductions in fatigue (mean difference [md],
2.81; 95% CI, 0.86 to 4.75; P = .01) and pain severity (md, −0.96; 95% CI, −1.70 to −0.23;
P = .02) at 3 months. These effects were sustained at 6 months (md, 3.73; 95% CI, 0.87 to
6.60; P = .03; and BPI, −1.49; 95% CI, −2.58 to −0.40; P = .02). Improvement in depression at
3 months was statistically significant but small (md −1.73; 95% CI, −3.18 to −0.28; P = .02).
Adverse events were similar in both groups.

CONCLUSIONS AND RELEVANCE This randomized clinical trial found that a technology assisted
stepped collaborative care intervention delivered during hemodialysis led to modest but
clinically meaningful improvements in fatigue and pain at 3 months vs the control group, with
effects sustained until 6 months.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT03440853

JAMA Intern Med. doi:10.1001/jamainternmed.2023.2215
Published online June 20, 2023.
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P atients with end-stage kidney disease (ESKD) under-
going treatment with long-term hemodialysis experi-
ence a high symptom burden that contributes to poor

health-related quality of life (HRQOL).1-4 The most common
and debilitating symptoms include fatigue, pain, and depres-
sion, which have been reported by more than 70%, 50%, and
20% of patients undergoing dialysis, respectively; these are
often underrecognized, underreported, and inadequately
treated.5-7 Identifying effective ways of managing symptoms
is a top priority for patients and dialysis care partners.8,9 Re-
cently, the Kidney Disease Improving Global Outcomes orga-
nization advocated for integration of symptom assessment and
management into routine ESKD care and more research into
treatment strategies.10

Currently available treatments for these symptoms are lim-
ited for patients receiving hemodialysis. The most promising
results have been for treatment of depression using pharma-
cotherapy or psychotherapy.11-13 Limited data suggest there are
benefits of analgesic medications for pain; and of sleep hy-
giene, exercise, and anemia correction for fatigue.14-16 How-
ever, methodologic limitations of most studies, mixed re-
sults on efficacy, adverse events, pill burden associated with
pharmacotherapy, and lack of inclusion of robust fatigue- or
pain-specific cognitive behavioral therapy (CBT) underscore
the need for alternative strategies.16,17 Moreover, prior stud-
ies have largely focused on treatment of a single symptom,
whereas treatment of symptom clusters may be more effec-
tive given that many of the physical and mental symptoms
frequently coexist, are highly correlated, can exacerbate each
another, and may share similar biologic and psychologic
pathogenesis.18,19

To address these gaps in symptom management, we de-
signed the Technology Assisted Stepped Collaborative Care
(TĀCcare) intervention to target a common symptom cluster—
fatigue, pain, and depression—and used a flexible approach to
offer clinical treatment options that were tailored to indi-
vidual preferences and treatment responses. Either CBT and/or
pharmacotherapy can be initiated sequentially, and subse-
quently, both psychotherapy and medication dosages may be
escalated in a stepped fashion using evidence-based proto-
cols. Additionally, a collaborative model was incorporated to
promote care coordination among dialysis and primary care
teams. The goal of our study was to compare the effective-
ness of the TĀCcare intervention with an attention control in
improving fatigue, pain, and depression among patients with
ESKD who are undergoing long-term hemodialysis.

Methods
Study Overview
This was a 2-site, parallel group, randomized clinical trial (RCT)
that compared results of the TĀCcare intervention with those
of an attention control (health education) intervention in im-
proving key patient-centered outcomes among 160 patients re-
ceiving long-term hemodialysis in New Mexico and Western
Pennsylvania from March 2018 to June 2022 (additional de-
tails are available in the Trial Protcol in Supplement 1). The

study was approved by the institutional review boards of both
sites and was overseen by an external data safety and moni-
toring board and adverse events committee. All participants
provided written informed consent. Results were reported ac-
cording to the Consolidated Standards of Reporting Trials
(CONSORT) reporting guideline. Additional information on the
study protocol was published previously.20

Setting and Participants
Adult patients (≥18 years) receiving in-center 3-times-weekly
maintenance hemodialysis from 6 dialysis units in Western
Pennsylvania and 8 dialysis units in New Mexico were re-
cruited for study participation. Participants were enrolled
from March 1, 2018, to Dec 31, 2021, and were followed uo
through June 31, 2022. All patients were asked to complete a
screening for fatigue (Likert scale, 0-10 with higher score indi-
cating worse fatigue), pain (Likert scale, 0-10 with higher
score indicating worse pain), and depression (Patient Health
Questionnaire-9, higher score indicating worse depression)
experienced during the past 2 weeks.21 To minimize patient
burden, we used these single-item questions for fatigue and
pain screening adapted from validated questionnaires, with
cutoffs for a clinically significant level of symptoms based on
literature review (≥5 for fatigue; ≥4 for pain; ≥10 on the
Patient Health Questionnaire-9).22-25 Participants with clini-
cally significant levels of 1 or more of the 3 symptoms were
screened for readiness for treatment using the 5-item Stages
of Behavior Change questionnaire.26 We approached patients
who were at least in the contemplation stage of behavioral
change for trial consent (ie, those who responded “would be
motivated to seek treatment or talk to doctor about it”). We
excluded those who had evidence of active thought disorder,
delusions or active suicidal intent, active substance abuse,
cognitive impairment, and anticipated life expectancy of less
than 1 year, were scheduled for a living donor kidney trans-
plant, or who planned to relocate to another dialysis unit
within 6 months. We did not exclude patients currently
receiving treatment for pain or depression because studies
suggest that these symptoms are often undertreated in
patients receiving hemodialysis.27

Key Points
Question Does a stepped collaborative care intervention
including psychotherapy or pharmacotherapy delivered via
telehealth improve symptoms of fatigue, pain, or depression
among patients with end-stage kidney disease (ESKD) who are
undergoing long-term hemodialysis?

Findings This randomized clinical trial of 160 patients with ESKD
undergoing hemodialysis with at least moderate levels of fatigue,
pain, or depression found that treatment with a stepped
collaborative care intervention delivered during hemodialysis or at
home vs health education control resulted in clinically significant
improvements in fatigue and pain.

Meaning These findings show that this stepped collaborative care
intervention is a significantly effective treatment for fatigue and
pain in patients undergoing long-term hemodialysis for ESKD.
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Of the 896 patients screened, 678 (76%) met eligibility cri-
teria, and 517 (76%) completed screening for symptom sever-
ity and readiness to seek treatment. Of the 387 patients (75%)
who had clinical levels of at least 1 symptom (fatigue, pain, or
depression) and were at least in the contemplation phase of
readiness to seek treatment, 215 (65%) consented to partici-
pate, and 160 (74%) of them were randomized (Figure 1).

Randomization and Blinding
Using a priori computer-generated permuted block design with
random block sizes stratified by the 2 clinical sites, age (<60
or ≥60 years), and Charlson Comorbidity Index (CCI) score (<4
or ≥4), we randomized the participants in a 1:1 ratio to either
the intervention or the control group. A central data manager
conducted treatment assignments from a pregenerated ran-

Figure 1. CONSORT Flow Diagram of Participant Enrollment in the TĀCcare Randomized Clinical Trial

896 Assessed for eligibility

215 Consented to enroll

218 Excluded
101 Not English speaking

16 Not receiving HD 3 times per wk
10 Other

69 Not well enough
22 Not willing to participate

161 Excluded
160 Not interested

1 Death

7 Withdrew consent
4 Had kidney transplant
2 Changed to home dialysis
2 Transferred to another unit
1 Died
5 Other

1 Withdrew consent
1 Had kidney transplant

130 Excluded
119 Did not have clinically significant symptoms
11 Found ineligible after initial screening

172 Excluded
114 Refused to participate
58 Not willing to seek treatment

55 Excluded
26 Did not complete baseline assessments
24 Withdrew
4 Lost to follow-up
1 Found ineligible after consent

83 Included in analyses 77 Included in analyses

77 Health education control

74 Completed primary outcome
assessmenta

61 Completed 6-mo assessment
45 Completed 12-mo assessmentb

678 Met inclusion/exclusion criteria

517 Underwent symptom screen

387 Underwent readiness screen

160 Randomized (stratified by age,
comorbidity burden, and site)

83 TĀCcare intervention

60 Completed primary outcome
assessmenta

48 Completed 6-mo assessment
38 Completed 12-mo assessmentb

a Two patients in the intervention
group and 1 patient in the control
group did not complete the 12-week
intervention but continued
participation in the remaining study.

b Six patients in the intervention and
7 patients in the control group did
not reach the 12-month time point
because data collection was
terminated owing to the COVID-19
pandemic restrictions.

HD refers to hemodialysis.
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dom allocation sequence and informed the local research
staff, who subsequently conducted a study visit with the par-
ticipants to inform them of their treatment group. Although
patients were not blinded given the nature of the study inter-
vention, research staff assessing outcomes over telephone were
blinded to treatment group.

Intervention Group
Participants randomized to the TĀCcare group received treat-
ment targeted at 1 or more symptoms (fatigue, pain, and/or de-
pression) based on patients’ reported levels of each symptom
and preference. Using an individualized and shared decision-
making approach, pharmacotherapy, and/or CBT were of-
fered to patients for a 12-week period. A stepped approach to
treatment intensification allowed for monitoring patient ad-
herence, treatment response, preferences, and outcomes, and
modifying the treatment to achieve the best possible out-
come for each patient. The CBT strategies were contextual-
ized to address the unique challenges and needs of each pa-
tient receiving hemodialysis.20 The therapists had a master’s
degree in counseling or psychology, were trained and certi-
fied in CBT by a doctoral level psychologist, and received train-
ing on dialysis-related factors that affect symptom burden
and management. They worked under the supervision of a lo-
cal clinical psychologist with weekly case meetings and regu-
lar fidelity checks. To simplify the delivery of CBT and reduce
patient and clinician burden, CBT was delivered using tele-
medicine in dialysis units or at home. The study provided pre-
programmed iPads, portable secure Wi-Fi hotspots, wireless
headphones, and microphones.

If patients preferred pharmacotherapy or did not re-
spond to CBT, medications for pain and/or depression were ini-
tiated, or dosages were escalated in a stepped fashion using
clinically used evidence-based protocols. There was no phar-
macotherapy option for fatigue given the lack of any ap-
proved evidence-based fatigue medications for this popula-
tion. The research team’s medication recommendations were
conveyed to the patient’s primary care physician and/or ne-
phrologist by the therapists or the study nephrologist. The col-
laborative care model ensured a multidisciplinary approach to
the patient’s physical and mental health by aligning symp-
tom management with the overall plan of care. Therapists fa-
cilitated care coordination, medication management, and
monitoring of adherence and adverse events by serving as li-
aisons among patients, dialysis teams, and other health care
professionals.

Control Group
We used an attention control group rather than a usual care
group to limit the variability of factors and the biases that might
influence the outcomes, enhance the interpretability of study
results, and enable evaluation of the true effects of our inter-
vention, rather than those from just participation or attention.28

Health education was chosen as an attention control because
it is relevant to the needs and health of the participants but is
unlikely to have a specific effect on the study outcomes. The
health education control was designed to feasibly approxi-
mate the amount of time and attention received by the TĀCcare

group so that control group participants would be engaged, and
the study would avoid dropouts or selection biases. Trained
research coordinators used educational materials from the
National Kidney Foundation to provide ESKD-relevant edu-
cation on relevant topics—kidney transplantation, heart health,
immunizations, diet, travel—per patient preference via tele-
medicine delivered in the dialysis units or at home.

Study Duration and Follow-up
Participants in the TĀCcare group received 12 weekly
sessions (45-60 minutes each) of CBT; the control group
received 6 biweekly sessions (20-30 minutes each) of health
education. If interruptions occurred, the intervention period
was extended for up to 6 months. Participants were followed
up for 12 months or until June 31, 2022 (end of the data col-
lection period), death, or loss to follow-up (withdrawal from
study, transfer to another dialysis clinic, change to peritoneal
dialysis, or kidney transplantation).

Outcomes
The coprimary outcomes were change in fatigue, as mea-
sured using the Functional Assessment of Chronic Illness
Therapy-Fatigue (FACIT-F)29, with higher scores indicating less
fatigue; pain severity, using the Brief Pain Inventory Short Form
(BPI,25 average pain severity item score), with higher scores
indicating worse pain; and/or depression, using the Beck De-
pression Inventory II (BDI-II)30, with higher score indicating
worse depression) as compared with the control group from
baseline to 3 months. All patient-reported outcome assess-
ments were administered centrally by blinded interviewers
using computer-assisted telephone interviewing. Secondary
outcomes included change in pain interference, measured
using the BPI Short form25; HRQOL, using the Medical Out-
comes Study Short Form-12 and the US National Institutes of
Health Patient Reported Outcomes Measurement Informa-
tion System (PROMIS) Adult Global Health31,32; sleep quality,
using the Pittsburgh Sleep Quality Index33; anxiety, using the
Generalized Anxiety Disorder-734 form; social support, using
the Multi-dimensional Scale of Perceived Social Support35;
physical activity, using the Physical Activity Scale for Elderly36;
postintervention adherence to medications, diet, and hemo-
dialysis treatments; and change in symptom scores at 6 and
12 months.

Prespecified serious adverse events (SAEs) included death,
hospitalization or emergency department visit, bleeding re-
quiring transfusion or hospitalization, medication overdose re-
quiring an emergency department visit or hospitalization, and
acute suicidal intent. The relatedness of adverse events and
SAEs with study interventions, especially with medications
prescribed for symptom management, was reviewed by study
nephrologists and an external adverse events committee.
Lastly, patient satisfaction surveys completed anonymously
were collected at end of study participation.

Statistical Analysis
The primary analyses were based on the intention-to-treat ap-
proach. The 3 symptom end points were considered copri-
mary outcomes by design. To address for multiple testing, we
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controlled for a false discovery rate (FDR) of 5% using the Ben-
jamini-Hochberg correction.37 For each end point, we used all
available longitudinal data to fit linear mixed models with treat-
ment group (TĀCcare or health education), time (baseline, 3,
6, and 12 months), and group by time interaction with patient-
specific random intercepts. More details are available in the
eMethods in Supplement 2.

After assessing the model diagnostics, we included qua-
dratic time, its interaction with the treatment group, and ran-
dom time slopes. To improve precision, these models were ad-
justed for prespecified covariates (age, sex, site, and CCI) that
were chosen based on prior literature demonstrating an asso-
ciation with symptom burden or response to treatment.38-40 To
estimate the treatment effect, a linear contrast was used to com-
pare the changes in outcomes between groups at the 3-month
primary time point. As an alternative model that accounts for po-
tential correlation among symptoms and allows simultane-
ously testing intervention effects across the 3 primary out-
comes, we also fitted a joint longitudinal model. This included
the same fixed- and random-effects terms from the individual
models with outcome specific regression coefficients and ran-
dom effects, unstructured correlation between the random
effects, and heteroscedastic residual error terms across the out-
comes. To explore heterogeneity of intervention effects, pre-
specified subgroup analysis was used based on age, sex, race,
CCI, and time on dialysis (years). Each variable, its 2- and 3-way
interaction with the treatment group, and interaction with time
were added to the model, and linear contrasts were used to test
for heterogeneity in treatment effects. Additional subgroup
analyses restricted to participants with clinically significant lev-
els of fatigue (FACIT-F ≤44 [the US population mean])41-43, mod-
erate to severe pain (BPI ≥5)25,43 and depression (BDI ≥16)30 at
baseline were conducted.

Statistical analyses were conducted using R, version 4.2.1
(The R Foundation for Statistical Computing) with Ime444 and
MarginalEffects45 packages to fit the mixed models and perform
thecontrasts,andthenlmeandemmeanspackages46 forthejoint
longitudinalmodelanalyses.Weinitiallydeterminedthat150par-
ticipants would provide 88% power to detect an effect size of 0.6,
assuming 5% FDR for 3 end points with a true difference in 1 of
3 end points and 10% attrition. In May 2020, on the recommen-
dation of the external data safety and monitoring board, the
samplesizewasincreasedto160participantstoaddressthehigher
observed attrition rate (14%). Statistical tests were 2-tailed and
Pvalues< .05wereconsideredstatisticallysignificant.Dataanaly-
ses were performed from July 1, 2022, to April 10, 2023.

Results
Baseline Characteristics
The 160 participants (mean [SD] age, 58 [14] years; 72 [45%]
women and 88 [55%] men; 21 [13%] American Indian or Alaska
Native, 45 [28%] Black; 28 [18%] Hispanic, and 83 [52%] White
individuals) who were randomized were of similar age, sex, and
race or ethnicity compared with those not randomized after
consent. Primary outcome assessment at 3 months was com-
pleted for 134 (84%) of the randomized patients.

Among the 160 randomized patients , 152 (94%) had fa-
tigue, 74 (46%) had moderate-severe pain, and 69 (43%) had
depression at baseline (eFigure and eTable 1 in Supple-
ment 2). Baseline fatigue, pain, depression levels, and use of
opioids had acceptable balance between groups; however, use
of antidepressants was higher in the intervention group
(Table 1). Baseline levels of other patient-reported outcomes
and adherence to medications, diet, fluid restriction, and he-
modialysis treatments did not differ between study groups
(eTable 2 in Supplement 2).

Adherence to Intervention
All the participants in the intervention group chose to receive
CBT. Adherence to intervention was high; that is, 80% of pa-
tients in the intervention group and 95% of those in the con-
trol group completed at least 80% of the intended sessions
(eTable 3 in Supplement 2). The average length of the ses-
sions was 46 minutes in TĀCcare and 27 minutes in the con-
trol group. More than 95% of the total 1102 sessions in the study
were completed during hemodialysis in the dialysis clinics, and
the rest at home. Only 5 patients in the intervention group and
11 in the control group had medication initiation for pain and/or
depression during the 3-month intervention period. Among
those receiving antidepressants or opioid medications at base-
line, the changes in average dosages during the 3-month pe-
riod were small (eTable 4A and 4B in Supplement 2).

Primary Outcome
In the intention to treat analyses, compared with the control
group, patients in the intervention group experienced signifi-
cantly larger reductions in fatigue (mean difference [md],
2.81; 95% CI, 0.86 to 4.75; FDR P = .01), pain severity (md,
−0.96; 95% CI, −1.70 to −0.23; FDR P = .02); and depression
(md, −1.73; 95% CI, −3.18 to −0.28; FDR P = .02) at 3 months.
Analyses from the joint model were very similar (fatigue: md,
2.55; 95% CI, 0.64 to 4.46; FDR P = .01; pain: md, −0.97; 95%
CI, −1.70 to −0.23; FDR P = .01; depression: md, −1.84; 95% CI,
−3.27 to −0.42; FDR P = .01) at 3 months. When restricted to
those who had elevated levels of specific symptom(s) at base-
line, there were more pronounced clinically significant
improvements in fatigue and pain at 3 months (Figure 2 and
Table 2). When restricted to those with depression at baseline,
the participants in the intervention group experienced a 27.1%
improvement in BDI-II scores at 3 months compared with
baseline, which was greater than the clinically meaningful
threshold of 17.5%.48 However, compared with the control
group, the relative change was statistically significant but not
clinically meaningful at 3 months (md, 13.3%). Subgroup
analyses showed no significant difference in effect estimates
among groups based on age, sex, race, CCI, and time on dialy-
sis (years), except for a larger reduction in depression among
women vs men (difference in md, −1.81; 95% CI −3.27 to
−0.35; P = .02; Figure 2).

Secondary Outcomes
At 6 months, significant improvements in fatigue and pain were
sustained (FACIT-F md, 3.73; 95% CI, 0.87 to 6.60; P = .01; BPI
md, −1.49; 95% CI, −2.58 to −0.40; P = .008), but there was
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no significant improvement in depression (md BDI, −2.18; 95%
CI, −4.36 to 0.01; P = .05). There were no significant effects of
intervention on fatigue, pain and depression at 12 months as
compared to controls (Figure 3). The PROMIS depression scores
improved significantly at 3 months (md, −2.54; 95% CI, −4.34
to −0.74; P = .006) and 6 months (md, −3.45; 95% CI, −6.06
to −0.84; P = .01). There were no significant treatment ef-

fects on HRQOL, pain interference, sleep quality, anxiety, physi-
cal activity, perceived social support, or adherence outcomes
at any time point (Table 2). There were no significant differ-
ences in adverse events among the treatment groups. The only
study-related adverse event was a 1-time infiltration of vas-
cular access while using the iPad during hemodialysis (eTable 5
in Supplement 2). Among the 19 patients who completed the

Table 1. Baseline Characteristics of Patients Randomized in the TĀCcare Trial

Characteristic
TĀCcare intervention,
No. (%)

Attention control,
No. (%)

Absolute
standardized
bias (%)

Participants, No. 83 77 NA

Age, mean (SD), y 57.9 (14.0) 57.8 (13.7) 0.7

Female 34 (41.0) 38 (49.4) 16.9

Male 49 (59.0) 39 (50.7) 16.9

Race and ethnicitya

American Indian/Alaska Native 7 (8.4) 14 (18.2) 29.2

Black 26 (31.3) 19 (24.7) 14.7

Hispanic (yes) 19 (22.9) 9 (11.7) 29.9

White 42 (50.6) 41 (53.2) 5.2

Other (>1 race/unknown) 8 (9.6) 3 (3.9) 22.9

Missing data 4 (4.8) 3 (3.9) NA

Education ≥high school 72 (86.7) 69 (89.6) 9.0

Married 26 (31.3) 17 (22.1) 20.9

Employed 3 (3.6) 6 (7.8) 18.2

Tobacco use (ever) 45 (54.2) 41 (53.2) 2.0

Alcohol use (yes) 14 (16.9) 11 (14.3) 7.2

Household income <$40 000/y 60 (72.3) 62 (80.5) 19.4

Missing data 10 (12.0) 7 (9.1) NA

Diabetes 50 (60.2) 51 (66.2) 12.5

Cardiovascular disease 39 (47.0) 28 (36.4) 21.6

CCI, mean (SD) 4.7 (1.7) 4.8 (1.8) 5.7

Cause of ESKD

Diabetic nephropathy 37 (44.6) 41 (53.2) 17.3

Hypertensive nephrosclerosis 16 (19.3) 10 (13.0) 17.2

Other 27 (32.5) 23 (29.9) 5.6

Missing 3 (3.6) 3 (3.9] NA

Time on dialysis, mean (SD), y 4.5 (4.6) 3.7 (3.6) 19.4

EDW, mean (SD), kg 85.9 (27.8) 89.5 (28.1) 12.9

Missing data 1 (1.2) 0 NA

IDWG, mean (SD), % 2.9 (1.2) 2.5 (1.1) 34.7

Psychotherapy during 6 mo before 9 (10.8) 10 (13.0) 6.8

Hemoglobin, mean (SD), g/dL 11.3 (1.3) 11.1 (1.4) 14.8

Phosphorus, mean (SD), mg/dL 5.6 (1.5) 5.6 (1.6) 0

Albumin, mean (SD), g/dL 4.0 (0.3) 3.9 (0.4) 28.3

Single pool, mean (SD), Kt/V 1.6 (0.3) 1.6 (0.5) 0

Creatinine, mean (SD), mg/dL 8.8 (2.9) 8.4 (3.0) 13.6

Antidepressant use 37 (44.6) 21 (27.3) 36.7

Opioid use 24 (28.9) 24 (31.2) 5.0

FACIT-F fatigue score 27.7 (10.6) 28.9 (11.4) 10.9

FACIT-F score ≤44 80 (96.4) 72 (93.5) 13.3

BPI average pain severity score 4.0 (3.3) 3.3 (3.2) 21.5

BPI score ≥5 43 (51.8) 31 (40.3) 23.2

BDI-II depression score 16.3 (9.1) 14.7 (7.9) 18.8

BDI-II score ≥16) 37 (44.6) 32 (41.6) 6.1

Abbreviations:
BDI-II, Beck Depression Inventory II;
BPI, Brief Pain Inventory Short Form;
CCI, Charlson Comorbidity Index;
ESKD, end-stage kidney disease;
EDW, estimated dry weight;
FACIT-F, the Functional Assessment
of Chronic Illness Therapy Fatigue;
IDWG, interdialytic weight gain
percentage (of postdialysis weight
during preceding 1 month).
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satisfaction survey, more than 80% felt the program was ben-
eficial and would enroll in it again.

Discussion
In this multicenter randomized clinical trial targeting key symp-
toms in patients receiving long-term hemodialysis, a stepped
collaborative care intervention led to clinically significant im-
provements in fatigue and pain at 3 months, which were sus-
tained for 6 months. Improvements in depression at 3 months
were statistically significant but small. Targeting symptom
clusters allowed for improvement in multiple symptoms that
commonly coexist. When presented with therapeutic options,
most patients preferred CBT over pharmacotherapy; adher-
ence to CBT was high. Lastly, telemedicine-delivered collab-
orative care was effective, safe, and reliable during in-center
hemodialysis.

The TĀCcare study addresses gaps in the care for this popu-
lation given that previous work has shown a marked symp-
tom burden that is underrecognized and poorly treated.6,7,49

This is especially true for fatigue and pain, the 2 most preva-
lent symptoms for which treatment options have been
limited to medications and exercise, with studies showing
limited efficacy and mixed results.15,17,50,51 To our knowledge,
evidence on fatigue- or pain-specific psychosocial inter-
ventions among this population has been very limited and
based on small single-center studies with methodologic
limitations.15-17 Our trial provides rigorous data from a large mul-
ticenter cohort of diverse backgrounds on effectiveness of a col-
laborative care intervention in this population. This study also
addresses symptoms that are highly prioritized for treatment
by patients and key stakeholders.

Our collaborative care intervention extends findings from
other populations with chronic illness, such as patients with
heart failure and cancer.52,53 This approach provides an inte-
grated multidisciplinary management plan that is individual-
ized according to each patient’s clinical status, preferences, and
treatment response. We observed an approximately 6% im-
provement in energy level and a 10% improvement in pain se-

verity with TĀCcare intervention vs the control health educa-
tion. These improvements were within the range of clinically
important differences reported in cancer and other disease
states, ie, 3 to 4 for FACIT-F score and 1 for BPI.29,42,43,47,54 For
both fatigue and pain, the treatment effects were sustained for
6 months but were not sustained at the 12-month follow-up,
which suggests that follow-up booster CBT sessions may be
needed for long-term symptom improvement.

In the present study, improvements in depression were sta-
tistically significant but small. This finding contrasted with
those of prior studies which showed significant improve-
ments with CBT in patients undergoing hemodialysis.11,12 This
difference may be associated with the lower severity of de-
pression at baseline in our study. The ASCEND trial showed im-
provement in depression with CBT or sertraline at 12 weeks
among 120 randomized patients.12 However, the chairside CBT
used by that study would likely be impractical to implement
in a clinical setting given the lack of trained therapists willing
to travel to dialysis units and the logistical challenges with
scheduling chairside CBT. By using technology to deliver CBT,
the TĀCcare intervention can overcome many of these and
other patient-related barriers, such as scheduling face-to-
face appointments, transportation, and access to trained thera-
pists. Technology assisted care provides a resource efficient
and scalable strategy that can be readily adopted and widely
disseminated in routine dialysis care.

Unlike some of the prior trials in long-term hemodialysis,12,50

TĀCcare offered a choice of both CBT and pharmacotherapy,
thus allowing for incorporation of patient preferences and
tailoring of treatment plan. Interestingly, only 5 patients in
TĀCcare intervention group requested medication (for pain or
depression), and all patients participated in CBT. Prior stud-
ies on symptom management have shown patient reluctance
to receive pharmacotherapy owing to the additional pill bur-
den and/or adverse effects from medication interactions.50,55,56

By offering treatment options and involving patients in
shared decision-making, TĀCcare provided an individual-
ized approach that allowed patients to choose which treat-
ment strategies they received, which yielded high accep-
tance and adherence.

Figure 3. Adjusted Mean Effects of TĀCcare Intervention vs Control on Symptom Levels at 3-, 6- and 12-Month Time Points
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Strengths and Limitations
A strength of this study was the diverse racial and ethnic rep-
resentation from 2 geographic areas, which enhances its
external validity. In addition, the trial included urban and
rural dialysis units, which provided evidence for use of this
collaborative care model to address symptom burden among
underserved populations. The adherence rate to CBT was
high, and outcomes were assessed centrally by trained inter-
viewers who were blinded to treatment assignment. Lastly,
the use of an attention control instead of usual care reduced
bias and enhanced interpretability of the results.

Study limitations included higher than expected loss of
follow-up owing in part to changes in practice in response to
the COVID-19 pandemic. This loss was addressed by increas-
ing recruitment goals to offset the observed dropouts. Screen-
ing tests for fatigue and pain used single-item assessments
that have not been validated and may have missed some true
positives. This trial had a limited ability to test for heteroge-

neity of treatment effects. Lastly, there may be future oppor-
tunities to culturally tailor the intervention.

Conclusions
The TĀCcare trial is the first randomized clinical trial, to our
knowledge, for people with kidney disease where the inter-
vention is targeted toward multiple symptoms rather than a
single symptom. Our results showed that among patients
undergoing hemodialysis, a 12-week CBT-based stepped col-
laborative care intervention can offer clinically significant
improvements in fatigue and pain. Leveraging telemedicine
to deliver CBT that targets symptom clusters during hemo-
dialysis sessions may provide a scalable and resource-
efficient approach to improve patient-centered outcomes
among patients with ESKD who are undergoing long-term
hemodialysis.
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