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BACKGROUND: Integrating primary care has been pro-
posed to reduce fragmented care delivery for patients with
complex medical needs. Because of their high rates of
morbidity, healthcare use, and mortality, patients with
end-stage kidney disease (ESKD) may benefit from in-
creased access to a primary care medical home.
OBJECTIVE: To evaluate the effect of integrating a primary
caremedical home on health-related quality of life (HRQOL)
for patients with ESKD receiving chronic hemodialysis.
DESIGN: Before–after intervention trial with repeated
measures at two Chicago dialysis centers.
PARTICIPANTS: Patients receiving hemodialysis at either
of the two centers.
INTERVENTION: To the standard hemodialysis team (ne-
phrologist, nurse, social worker, dietitian), we added a
primary care physician, a pharmacist, a nurse coordina-
tor, and a community health worker. The intervention
took place from January 2015 through August 2016.
MAIN MEASURES: Health-related quality of life, using
the Kidney Disease Quality of Life (KDQOL) measures.
KEY RESULTS: Of 247 eligible patients, 175 (71%) con-
sented and participated; mean age was 54 years; 55%
were men and 97% were African American or Hispanic.
In regression analysis adjusted for individual visits with
the medical home providers and other factors, there were
significant improvements in four of five KDQOL domains:
at 12 and 18 months, the Mental Component Score im-
proved from baseline (adjusted mean 49.0) by 2.64 (p =
0.01) and 2.96 (p = 0.007) points, respectively. At 6 and
12 months, the Symptoms domain improved from base-
line (adjusted mean = 77.0) by 2.61 (p = 0.02) and 2.35

points (p = 0.05) respectively. The Kidney Disease Effects
domain improved from baseline (adjusted mean = 72.7),
to 6, 12, and 18 months by 4.36 (p = 0.003), 6.95
(p < 0.0001), and 4.14 (p = 0.02) points respectively. The
Physical Component Score improved at 6 months only.
CONCLUSIONS: Integrating primary care and enhancing
care coordination in two dialysis facilities was associated
with improvements inHRQOL among patientswithESKD
who required chronic hemodialysis.
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INTRODUCTION

In 2015, nearly 450,000 Americans had end-stage kidney
disease (ESKD) and were receiving chronic hemodialysis as
their renal replacement therapy to sustain their lives1. Even
with maintenance hemodialysis treatment, ESKD patients ex-
perience substantial morbidity, mortality, hospitalizations, and
healthcare costs2–4. While survival for dialysis patients has
improved, the high burden imposed by thrice-weekly hemodi-
alysis treatments often leads to insufficient attention to other
comorbid conditions, resulting in higher rates of complications,
reduced health-related quality of life (HRQOL), and potentially
unnecessary healthcare use4, 5. Numerous studies have dem-
onstrated that decreases in HRQOL among ESKD patients are
associated with hospitalization and mortality rates6–10.
Currently, the Centers for Medicare and Medicaid Services

(CMS) sets the requirements for the dialysis care team for
facility payments, including annual assessments of HRQOL11.
The CMS-mandated team for hemodialysis and peritoneal
dialysis comprises a nephrologist, a nurse, a social worker,
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and a dietitian11. With greater emphasis on improving HRQOL
among ESKD12 and recognition of the need for enhanced care
coordination and primary care for patients with chronic dis-
eases13, 14, this care model may be inadequate. The current
dialysis care team lacks integration with primary care5, 15 and
does not include other professionals who have been recognized
to improve care for other chronic illnesses16–19. Disease-
oriented studies in ESKD focused on using intense and fre-
quent dialysis have reported disease-related benefits, such as
reducing left ventricular mass and hypertension, yet have not
had a significant effect on dialysis patient HRQOL20, 21.
Recent attempts to address care gaps have focused on imple-

mentation of the Patient-CenteredMedical Home (PCMH) mod-
el, variations of which have been implemented for patients with
chronic complex illnesses such as diabetes. Although findings
have been mixed, some studies show reduced hospitalizations,
emergency room visits, and healthcare costs14–19, 22–24. A sys-
tematic review of integrated care models noted mixed results
among a broad range of chronic conditions for quality of life
outcomes, although none addressed ESKD25. Among patients
with chronic kidney disease not yet requiring dialysis, the use of a
multidisciplinary care team reduced the rate of kidney function
decline15. A formal evaluation of a PCMH or an integrated care
model in chronic hemodialysis patients has not been conducted.
Described previously26–30, our study is the first systematic

design, implementation, and evaluation of an adaptation of a
PCMHmodel for chronic hemodialysis patients. We sought to
integrate PCMH with the current dialysis-mandated team by
adding a general internist serving as the primary care physi-
cian (PCP), nurse coordinator, pharmacist, and community
health worker (CHW). We hypothesized that this increased
access to primary care would improve patient HRQOL and
address unmet needs, controlling for other factors found in
prior research and chronic disease models31, 32.

METHODS

Study Design

The study has been described previously26. Briefly, we used a
before–after design to evaluate a PCMH-KD model of care at
two dialysis centers with rolling enrollment. Comparisons
were within patients over time and thus the baseline assess-
ment served as the before measure under the current CMS-
mandated dialysis care model. The start-up phase (year 1) was
used for stakeholder engagement and training of all participat-
ing clinicians and staff. The 18-month intervention began in
the second year. All research procedures were reviewed and
approved by the University of Illinois at Chicago Office of
Protection of Research Subjects.

Study Setting and Intervention

Study sites comprised two dialysis centers affiliated with one
academically based nephrology group in Chicago. One site was

a non-profit, university-affiliated outpatient dialysis center (Uni-
versity of Illinois at Chicago), and the second was a for-profit,
free-standing outpatient dialysis center owned and operated
by Fresenius Kidney Care (Private). Eight nephrologists
from the university-affiliated medical center served both
sites; dialysis center staff (e.g., nurses, dieticians, social
workers) were unique to each center. Capacity at the two
sites for hemodialysis was 200 patients, with turnover of
about 25% per year.
The intervention included the addition of new care team

members to the dialysis care teams. The CMS-required mem-
bers, the new team members, and their respective roles are
summarized in Table 1. The study PCPs and CHWs conducted
individual patient visits in addition to participation in theweekly
nephrologist-led dialysis chairside rounds, while the nurse co-
ordinator and pharmacist roles focused on coordinating patient
information and providing education during weekly
nephrologist-led rounds.

Study Population

Patient eligibility criteria required participants to be fluent in
English or Spanish language, currently receiving maintenance
hemodialysis at one of the two participating dialysis centers,
18 years of age or older, and able to provide informed consent
for participation in the study. Patients who left the participating
dialysis center or who received a kidney transplant were no
longer able to continue in the study.

Patient Recruitment

Informational sessions about the study were held at each site
and enrollment lasted twelve months. Patients who provided
informed consent and completed baseline assessment were
offered the additional services of the PCMH-KD team.
Patients were initially compensated for their participation at
$10 (cash) per interview and then increased to $20 per inter-
view during the last four months of the study.

Data Collection and Measures

Briefly, demographics, medical history, social characteristics,
and HRQOL were part of the initial intake26. Interviews were
conducted by trained interviewers at baseline, 6, 12, and
18 months. Each interview was about 60–90 min and was
conducted in either English or Spanish as per patient preference.
Interviews took place in the dialysis center before, during, or
after a patient’s dialysis appointment and were recorded via live
web-based data entry on an Apple iPad 2 tablet using Research
Electronic Data Capture (REDCap)33 hosted at the University.
Clinical measures included routine laboratory measure-

ments already obtained for chronic hemodialysis care (anemia
management (serum hemoglobin), nutrition status (serum al-
bumin), urea reduction ratio (URR)), from dialysis records.
Patient individual visits with the study CHWs and PCPs

were monitored and tracked. For the CHW visits, information
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about the visit purpose was documented. For the PCP visits, it
was noted whether the visit was at the dialysis chairside or in
an exam room. The nurse and pharmacist engaged patients on
the nephrologist-led rounds; they did not have scheduled
individual patient visits.

Outcome Measures: Patient-Reported Health-
Related Quality of Life

To assess HRQOL, we used the Kidney Disease Quality of
Life (KDQOL-SF36) questionnaire34, 35. The five domains of
KDQOL-36 include physical component summary (PCS) and
mental component summary (MCS), derived from the Medi-
cal Outcomes Short Form 12, and the three additional
domains, i.e., burden of kidney disease (Burden), symptoms
and problems of kidney disease (Symptoms), and effects of
kidney disease (Effects)35.

Statistical Analysis
Sample Size Calculations. We calculated power assuming a
KDQOL MCS averaging 48.6 (SD 11.3) from a prior study8.
Based on our plan to compare KDQOL scores after exposure
to the intervention with a baseline score assuming clustering
and with the expectation to improve the score by 10%,
correcting for a 10% patient loss36–38, we calculated that a
minimum sample size of 150 was needed to detect 0.80 power
at the α = 0.05 two-sided test.

Analysis.Descriptive analyses comprised simple means and
standard deviations (SD) (continuous) and frequencies (cat-
egorical). SAS version 9.4 was used for all analyses39.

We examined change in KDQOL over time (baseline (0),
6, 12, and 18 months), using random-intercept mixed models
with an AR (1) covariance pattern in the residual, with and
without adjustment for selected covariates: demographics
(baseline age, sex, race (African American or other), inter-
view language, education (high school (HS) graduate or not),
marital status (married or living with partner, other); clinical
characteristics (dialysis vintage (months), self-reported diabe-
tes at baseline, time-varying hemodialysis-relevant laboratory
values (hemoglobin, albumin, and urea reduction ratio
(URR)); and dialysis center (university or private). To assess
whether components of the intervention influenced the out-
come, we included in the model whether the patient had a
PCP at baseline, visits with study PCPs (any/none), and
follow-up visits with CHWs (above or below the median of
6 visits). We used SAS LSMESTIMATE statements to esti-
mate adjusted KDQOL means at each visit.

RESULTS

Study Participants

There were 285 patients who received care at the two dialysis
centers and were screened for eligibility over the 12-month

Table 1 Roles of the Care Providers in the Usual Care and PCMH-KD Model

Team member Qualifications Duties
Nephrologist Board certified or eligible in nephrology Manage dialysis therapy, medications, diet and fluid regimen, and

care plans; facilitate transplant
Dialysis nurse manager RN with significant experience in dialysis and

facility management
Oversee nursing services and all direct care staff that provide
dialysis and nursing care

Dialysis nurse RN with training and/or experience with dialysis Provide dialysis treatment; supervise dialysis technicians;
contribute to care plans

Dialysis technician High school diploma or equivalent and certification
in dialysis

Provide dialysis treatment

Social worker Masters degree in social work Support social function and adjustment of patient; provide
casework services; identify community social agencies and other
resources; psychosocial evaluation and support; contribute to
care plans

Dietitian Degree in food and nutrition Assess dietary needs; recommend dietary changes including
sodium and fluid intake; refer patients to community resources;
contribute to care plan

New Members Added with the PCMH-KD
General internist/primary
care physician (PCP)

Board certified or eligible in internal medicine;
training and/or experience with end stage kidney
disease and dialysis

Primary care for comorbid conditions; preventive care, including
age-appropriate cancer screening; coordinate subspecialty care-
Participated in dialysis chairside weekly rounds and conducted
individual visits

Nurse coordinator Masters- or BSN-level nurse; training and/or expe-
rience with end-stage kidney disease and dialysis

Care coordination; monitor episodic inpatient care; deliver patient
education; coordinate with surgery and radiology for
assessment, planning, and completion of vascular access
procedures; monitor vascular access sites

Participated in dialysis chairside rounds monthly
Pharmacist PharmD and RPh Medication assessment, dosing, and safety monitoring; support

medication compliance; immunizations; identify community
resources for medication delivery

Participated in dialysis chairside weekly rounds
Community health
workers (CHW)

Bilingual in English and Spanish (preferred);
trained in medical terminology

Liaison between community, patient/family, and care team; bridge
barriers of acculturation, language, and literacy; coordinate
scheduling for transportation and other support to enable patient
compliance

Participated in dialysis chairside weekly rounds and conducted
individual visits
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enrollment period (Fig. 1). Of these patients, 247 (87%) were
determined to be eligible to participate in the study; 185 (75%
of those eligible) consented to participate; ultimately, 175
(71% of those eligible) completed the baseline assessment
and continued in the study; 155 completed the 6-month as-
sessment; 125 completed the 12-month assessment, and 103
completed the 18-month assessment.

Participant Characteristics

Table 2 shows the characteristics of patients at both sites.
Patients’ mean age was 54.4 years, and a majority were men
(55%). Participants were nearly all African American and
Hispanic (97%). One third of our subjects were interviewed
in Spanish. Most had at least a high school education (65%). A

Figure 1 PCMH-KD participant recruitment and enrollment.
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large majority were not employed (82%). Income levels were
low, with 68% reporting incomes less than $20,000 per year.
Patients used a variety of transportation means to reach their
dialysis treatments, including a personal car driven by them-
selves or someone else (50%) or a transport service (34%).
Many patients reported a stressful life event in the past
6 months (45%). Participants’ health insurance was predomi-
nantly covered by Medicare or Medicaid; only 11% reported
some private insurance coverage that is not a Medicare sup-
plement. More than half (60%) of the patients reported at least
two comorbidities.
Regarding dialysis history, length of time on dialysis aver-

aged 4.4 (SD 5.2) years, with long periods at their current
dialysis center: mean 3.3 years (SD 4.4), and three quarters of

Table 2 Participant Characteristics by Site, Baseline

University site (N = 109) Private site (N = 66) All (N = 175)

Age in years, mean (SD) 52.3 (15.7) 57.8 (13.1) 54.4 (15.0)
Sex, n (%)
Female 52 (48%) 26 (39%) 78 (45%)
Male 57 (52%) 40 (61%) 97 (55%)

Race/ethnicity, n (%)
African American 59 (54%) 27 (41%) 86 (49%)
Hispanic 45 (41%) 38 (58%) 83 (47%)
White or other ≤ 11* ≤ 11* ≤ 11*

Interview language, n (%)
English 84 (77%) 33 (50%) 117 (67%)
Spanish 25 (23%) 33 (50%) 58 (33%)

Education, n (%)
Not HS graduate 26 (24%) 36 (55%) 62 (35%)
HS graduate/GED 72 (66%) 28 (42%) 100 (57%)
Bachelor’s degree ≤ 11* ≤ 11* 13 (7%)

Marital status, n (%)
Single, never married 51 (47%) 19 (29%) 70 (40%)
Married 34 (31%) 19 (29%) 53 (30%)
Living with a partner ≤ 11* ≤ 11* ≤ 11*
Widowed 10 (9%) 12 (18%) 22 (13%)
Separated, divorced ≤ 11* 13 (20%) 21 (12%)

Employment, n (%)
Full time 13 (12%) ≤ 11* 14 (8%)
Part time ≤ 11* ≤ 11* 15 (9%)
Not employed 86 (79%) 57 (88%) 143 (82%)
Self-employed ≤ 11* ≤ 11* ≤ 11*

Income, n (%)
< $20,000 60 (59%) 48 (83%) 108 (68%)
$20,000–$39,999 24 (24%) 6 (10%) 30 (19%)
≥ $40,000 18 (18%) ≤ 11 (7%) 22 (14%)

Any Medicare or Medicaid, n (%)
Yes 98 (90%) 48 (73%) 146 (83%)
No or do not know ≤ 11* 18 (27%) 29 (17%)

Primary transportation to clinic, n (%)
Car (drive or ride) 61 (56%) 26 (39%) 87 (50%)
Public Transit (elevated train or bus) ≤ 11* ≤ 11* 14 (8%)
Medicar (Medicaid) 19 (17%) 23 (35%) 42 (24%)
PACE paratransit/door to door ≤ 11* ≤ 11* 17 (10%)
Other ≤ 11* ≤ 11* 15 (9%)

Years on dialysis, mean (SD) (N = 174) 4.8 (5.9) 3.8 (3.6) 4.4 (5.2)
Comorbidities, self-reported, n (%)
Diabetes 50 (46%) 43 (65%) 93 (53%)
Hypertension 89 (82%) 55 (83%) 144 (82%)
Congestive heart failure 22 (20%) 16 (24%) 38 (22%)
Cancer (except skin) ≤ 11* ≤ 11* ≤ 11*

Number of self-reported comorbidities, Mean (SD) 1.7 (1.2) 2.0 (1.0) 1.8 (1.1)
Labs relevant to chronic hemodialysis, mean (SD)
Urea reduction ratio (URR) (N = 174) 77.6 (7.3) 75.5 (5.6) 76.8 (6.7)
Hemoglobin, g/dL 10.3 (1.4) 10.3 (1.3) 10.3 (1.3)
Albumin, g/dL 3.5 (0.5) 3.8 (0.5) 3.6 (0.5)

*N not reported for cell size less than 11

Table 3 Frequency of Individual Patient Visits with Study PCP
(Primary Care Physician) and CHW (Community Health Worker)

During PCMH-KD Intervention

Total study PCP visits N = 348
Clinic 141 (41%)
Chairside 173 (50%)
Phone 31 (9%)

Study PCP visits, all patients N = 175
Mean (SD) 2.0 (3.1)

Study PCP visits, patients with visits N = 93
Mean (SD) 3.7 (3.5)

Total CHW visits N = 1508
Intake visit 159 (11%)
Follow-up visit 990 (66%)
Check-in visit 356 (24%)

CHW visits, all patients N = 175
Mean (SD) 8.6 (4.1)
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patients had been at the same dialysis center for at least
6 months. Patients with prior transplants comprised 19% of
the study participants. Baseline lab values for hemoglobin
averaged 10.3 g/dl (SD 1.3), and 85% of patients had values
considered adequate for anemia management in chronic he-
modialysis patients (≥ 9 g/dl). Mean URR at baseline was
76.8% (SD 6.7), and mean albumin was 3.6 g/dl (SD 0.5).
Changes in these and other lab values over time are shown in a
Supplementary Table (online).

Medical Home Services

Table 3 shows the use of the study PCP and CHW in addition
to their participation in nephrology-led dialysis chairside
rounds during the intervention. In total, there were 348 study
PCP visits occurring in exam rooms (41%), at the dialysis
chairside (50%), and by phone (9%); 93 of the 175 patients
had at least one study PCP visit, averaging 3.7 (SD 3.5) visits.
There were 1508 CHW visits, with 11% conducted at intake,
66% as follow-up visits, and 24% as quick check-in visits;
patients averaged 8.6 (SD 4.1) CHW visits. There were no
differences by site (results not shown).

Health-Related Quality of Life

Table 4 shows the unadjusted KDQOL domain scores at each
time point. Baseline mean (SD) KDQOL domain scores were
as follows: Physical Composite Scale (PCS) was 35.5 (10.2),
Mental Composite Scale (MCS) was 49.2 (10.6), Burden was
46.5 (27.1), Symptoms was 76.5 (15.9), and Effects was 72.3
(20.6) (Table 4). Noteworthy is that all five domains increased
at 6 months, and some continued to trend upwards (improved)
over time. There were no differences across centers, although
there were differences within domains by patient character-
istics at baseline29.

Adjusted Regression Analysis

Adjusted analyses are presented in Table 5. The coefficient for
each “Visit” variable (i.e., 6 month, 12, month, and 18 month)
represents the adjusted mean change in the KDQOL domain at
the point in time relative to baseline, adjusting for the other
covariates. The KDQOL PCS improved significantly from

baseline (adjusted mean 35.5) to 6 months by 2.59 points
(7.3%, p = 0.002) (Table 5). At 12 and 18 months, the MCS
improved significantly from baseline (adjusted mean 49.0) by
2.64 (5.4%, p = 0.01) and 2.96 (6.1%, p = 0.007) points re-
spectively. The Burden domain improvement from baseline
was not statistically significant at 18 months (p = 0.07). The
KDQOL Symptoms domain improved significantly from
baseline (adjusted mean 77.0) to 6 months by 2.61 points
(3.4%, p = 0.02), but there was not a statistically significant
improvement at 12 months (2.35 points, 3.0%, p = 0.051) or
18 months (p = 0.70). The KDQOL Effects domain improved
significantly from baseline (adjusted mean 72.7) to 6, 12, and
18 months by 4.36 (6.0%, p = 0.003), 6.95 (9.5%, p < 0.0001),
and 4.14 (5.7%, p = 0.02) points respectively, adjusting for
other factors.
We show the regression coefficients and statistics for cova-

riates for each of the KDQOL domain regression models
(Table 5). For the PCS model, being on dialysis longer (dial-
ysis vintage) or having diabetes was negatively associated
with HRQOL. Neither variable was significant in the other
HRQOL models, indicating that these factors have a greater
impact on the physical health domain than on the other
HRQOL domains, adjusting for other factors.
Noteworthy is that in the PCS and Effects domain models,

patients who had any visits to the study PCP had significantly
lower HRQOL scores. A non-significant negative relationship
was observed for the MCS (p = 0.34), Symptoms (p = 0.06),
and Burden (p = 0.09) domain models as well.
There was also a significant positive association between

lab values for hemoglobin on PCS, MCS, and Symptoms and
for albumin levels with the Symptoms and Effects domains.

DISCUSSION

We conducted a before–after study with repeated measures of an
adaptation of the PCMH for kidney disease focused on chronic
hemodialysis patients at two dialysis centers in an urban area
with a racially and ethnically diverse patient population. The
PCMH-KD model added additional healthcare providers to the
current CMS-mandated team. Results from the study revealed

Table 4 Kidney Disease Quality of Life (KDQOL) Mean Scale Scores at Baseline, 6, 12, and 18 Months (Unadjusted)

Baseline 6 months 12 months 18 months

N Mean (SD) N Mean (SD) N Mean (SD) N Mean (SD)

Physical component summary (PCS) 172 35.5 (10.2) 152 38.4 (11.4)† 125 36.3 (11.2) 102 36.8 (11.2)
Mental component summary (MCS) 172 49.2 (10.6) 152 50.4 (11.3) 125 51.8 (10.2)‡ 102 52.4 (9.7)†

Burden of kidney disease (Burden) 174 46.5 (27.1) 153 48.8 (26.7) 125 49.6 (23.3) 103 51.2 (30.3)
Symptoms/problems of kidney disease (Symptoms) 174 76.5 (15.9) 153 79.9 (14.2)‡ 125 79.7 (13.6) 103 76.8 (16.7)
Kidney disease effects (Effects) 174 72.3 (20.6) 153 76.3 (20.6)† 125 78.3 (18.9)* 103 76.1 (20.1)‡

Ns differ slightly from the number of interviews in the participant flow chart due to missing data for KDQOL items
*p value < 0.001 for change from baseline, from random-intercept mixed models with an AR (1) covariance pattern in the residual, visit expressed as 3
indicator variables, and no covariates
†p value < 0.01 for change from baseline
‡p value < 0.05 for change from baseline
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that multiple domains of HRQOL improved from baseline,
especially mental health (MCS) and kidney disease effects
(Effects), which maintained significant positive change from

baseline (usual care) at 18 months. To our knowledge, this is
the first study to adapt a PCMHmodel for chronic hemodialysis
care. There are several noteworthy findings from our work.

Table 5 Parameter Estimates from Adjusted Random Intercept Models of Change Over Time in KDQOL Scale Scores.

Physical Component Score (PCS)
N = 173a

Mental Component Score (MCS)
N = 173a

Effect Estimate SE p Estimate SE p
Intercept 37.74 8.03 < 0.0001 35.99 8.63 < 0.0001
Visit (referent = baseline)
6-month visit 2.59 0.82 0.002 1.22 0.97 0.21
12-month visit 0.31 0.87 0.72 2.64 1.03 0.01
18-month visit 1.02 0.96 0.29 2.96 1.10 0.007

Age at baseline, years − 0.12 0.05 0.03 0.02 0.05 0.64
Sex (referent = female)
Male 2.16 1.39 0.12 0.96 1.33 0.47

Race (referent = Hispanic, other)
African American 1.06 1.89 0.58 2.33 1.79 0.19

Interview language (referent = English)
Spanish − 1.27 2.24 0.57 0.87 2.12 0.68

Dialysis vintage, months − 0.03 0.01 0.01 0.01 0.01 0.22
Site (referent = university site)
Private site − 0.34 1.51 0.82 − 2.47 1.44 0.09

Education (referent = not HS graduate)
HS graduate 0.19 1.77 0.92 − 0.03 1.68 0.98

Marital status (referent = not married/living with partner)
Married or living with partner 2.38 1.39 0.09 − 1.65 1.32 0.21

Diabetes (referent = no self-reported diabetes)
Diabetes − 3.77 1.49 0.01 0.26 1.41 0.86

Established PCP at baseline (referent = no PCP or current PCP < 6 months)
Current PCP ≥ 6 months at BL − 0.08 1.42 0.95 − 0.11 1.34 0.93

Visits with study PCP (referent = none)
Any visits with study PCP − 5.13 1.49 0.0006 − 1.35 1.41 0.34

Follow-up visits with CHW (referent ≤ 6)
≥ 6 follow-up visits with CHW (median or above) 2.41 1.51 0.11 − 0.88 1.43 0.54

Urea reduction ratio (URR) − 0.04 0.07 0.54 − 0.07 0.08 0.35
Hemoglobin, g/dL 0.84 0.34 0.01 0.88 0.38 0.02
Albumin, g/dL 0.45 1.15 0.69 2.37 1.24 0.06

Burden of kidney disease
N = 173a

Symptoms/problems
N = 173a

Effect Estimate SE p Estimate SE p

Intercept 75.90 19.84 0.0002 55.31 11.44 < 0.0001
Visit (referent = baseline)
6-month visit 2.62 1.95 0.18 2.61 1.13 0.02
12-month visit 3.25 2.06 0.12 2.35 1.20 0.05
18-month visit 3.86 2.16 0.07 −0.51 1.30 0.70

Age at baseline, years 0.05 0.14 0.71 − 0.07 0.08 0.40
Sex (referent = female)
Male 1.44 3.70 0.70 2.38 2.08 0.25

Race (referent = Hispanic, other)
African American 8.90 5.07 0.08 0.60 2.84 0.83

Interview language (referent = English)
Spanish −5.35 6.00 0.37 1.49 3.37 0.66

Dialysis vintage, months 0.00 0.03 0.96 0.01 0.02 0.67
Site (referent = university site)
Private site − 5.69 4.02 0.16 − 0.35 2.26 0.88

Education (referent = not HS graduate)
HS graduate − 3.25 4.72 0.49 0.80 2.65 0.76

Marital status (referent = not married/living with partner)
Married or living with partner 0.88 3.73 0.81 0.98 2.09 0.64

Diabetes (referent = no self-reported diabetes)
Diabetes − 3.97 3.98 0.32 − 2.63 2.23 0.24

Established PCP at baseline (referent = no PCP or current PCP < 6 months)
Current PCP ≥ 6 months at BL 2.85 3.80 0.45 − 2.19 2.13 0.31

Visits with study PCP (referent = none)
Any visits with study PCP − 6.78 3.99 0.09 − 4.15 2.24 0.06

Follow-up visits with CHW (referent ≤ 6)
≥ 6 follow-up visits with CHW (median or above) 2.64 4.02 0.51 0.03 2.26 0.99

Urea reduction ratio (URR) − 0.44 0.17 0.01 0.00 0.10 0.98
Hemoglobin, g/dL − 0.08 0.82 0.92 1.36 0.48 0.005
Albumin, g/dL 1.59 2.79 0.57 3.44 1.62 0.03

(continued on next page)
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We observed heterogeneity in the HRQOL component
trend patterns. We found that three of the five domains were
significantly improved at 6 months (PCS, Symptoms, Effects),
two domains improved at 12 months (MCS and Effects) and
two domains improved at 18 months (MCS and Effects). For
the Symptoms and Burden domains, the improvements never
reached statistical significance at the p < 0.05 level. The mag-
nitude of the changes observed are within the ≥ 3–5-point
change criterion often considered to be clinically meaningful,
although not specific to dialysis patients40–42. Our findings
suggest that some HRQOL domains may be more sensitive to
health system changes than others. Another consideration is
that the measurement properties for some HRQOL domains
could be unstable over time, and some have reported ceiling
effects with the MCS and PCS domains for some popula-
tions10, 42, 43. More recent cross-sectional evaluation of the
psychometric properties offer assurance about the factor struc-
ture, reliability, and construct validity of the KDQOL44, although
measurement invariance over time remains an area for further
investigation. Yet the KDQOL has been shown to be a strong
predictor of morbidity and mortality among dialysis patients6–10,
and there is increasing emphasis by stakeholders on using
HRQOL and other patient-centered measures that are reliable
and actionable for providers45, 46. Further understanding about
population-specific measures and over time is critical, especially
with CMS implementation of new dialysis models47–49.

The HRQOL domain scores for our study population are
consistent with other studies of ESKD among veterans3, 4.
Our results for chronic hemodialysis patients are slightly
lower than those reported by Peipert and colleagues (2018)
for peritoneal and hemodialysis patients combined (mean
scores for PCS, MCS, Burden, Symptoms, and Effects at
38, 51, 52, 79, and 74, respectively)44. To date, longitudi-
nal data on HRQOL among ESKD hemodialysis patients
have not been published, and which would enable compar-
isons. Our findings of a positive association between lab
values for hemoglobin on PCS, MCS, and Symptoms and
for albumin levels with the Symptoms and Effects domains
are consistent with prior literature and our previous base-
line report29, 49–51. Also consistent with prior research, we
found a negative relationship between HRQOL domain
scores for physical health (PCS) and diabetes52. That we
did not find a significant association for the presence of
diabetes for other HRQOL domains may be due to the
additional socioeconomic factors we included26, 52.
Previous studies of racial/ethnic differences in HRQOL in

ESKD patients have shown that African Americans report
better HRQOL than non-African Americans53–55. In contrast,
when controlling for other factors, we found that only for the
Effects domain did African Americans have a higher score
compared to our predominantly Hispanic subjects, while there
was no significant relationship for the other four HRQOL

Table 5. (continued)

Kidney disease effects (Effects)
N = 173a

Effect Estimate SE p
Intercept 70.56 14.98 < 0.0001
Visit (referent = baseline)
6-month visit 4.36 1.47 0.003
12-month visit 6.95 1.56 < 0.0001
18-month visit 4.14 1.73 0.02

Age at baseline, years 0.02 0.11 0.83
Sex (referent = female)
Male − 0.35 2.73 0.90

Race (referent = Hispanic, other)
African American 7.94 3.73 0.03

Interview language (referent = English)
Spanish − 0.22 4.43 0.96

Dialysis vintage, months 0.00 0.02 0.87
Site (referent = university site)
Private site − 2.34 2.97 0.43

Education (referent = not HS graduate)
HS graduate − 6.45 3.48 0.06

Marital status (referent = not married/living with partner)
Married or living with partner − 2.03 2.75 0.46

Diabetes (referent = no self-reported diabetes)
Diabetes − 1.02 2.94 0.73

Established PCP at baseline (referent = no PCP or current PCP < 6 months)
Current PCP ≥ 6 months at BL − 0.35 2.80 0.90

Visits with study PCP (referent = none)
Any visits with study PCP − 12.11 2.94 < 0.0001

Follow-up visits with CHW (referent ≤ 6)
≥ 6 follow-up visits with CHW (median or above) 2.46 2.97 0.41

Urea reduction ratio (URR) − 0.18 0.13 0.17
Hemoglobin, g/dL 0.29 0.63 0.65
Albumin, g/dL 5.12 2.12 0.02

aNumber of participants contributing at least one observation to the analysis. Two participants with a missing value for a baseline covariate were
excluded

2137Hynes et al.: Hynes: Integrating a Medical Home in Outpatient DialysisJGIM



domains. In the Effects domain, we found that those who
identified as Hispanic or White, who had a less than high
school education and lower serum albumin scores (suggesting
poorer nutritional status), experienced significantly less in-
crease in their score. These three factors—race/ethnicity, edu-
cation, and nutrition—point to a need that might be addressed
together, such as through an education program focusing on
dietary health and overall dialysis care effectiveness and in-
corporating diverse perspectives across racial, cultural, and
socioeconomic backgrounds. Understanding the broader
needs of specific patient populations should be carefully con-
sidered in designing interventions that aim to improve
patients’ well-being in a dialysis setting.
We found that HRQOL domain scores for PCS and

Effects were significantly lower among patients who had
visits with the study PCP, adjusting for other factors. This
negative association may indicate that patients with greater
needs sought out the study PCP more than those with fewer
needs. Underscoring the accessibility of PCPs to patients in
our study, nearly half of the overall visits were performed
at the chairside during dialysis. Mandel and colleagues
reported that some chronic hemodialysis patients opted to
have conversations with physicians, including PCPs, dur-
ing dialysis56 treatments. Some of our patients continued to
see another PCP in addition to the study PCP, and we were
unable to capture interactions with physicians outside of
the study. In earlier analyses, we found no association
between HRQOL and having another PCP at baseline29,
although we did not explore the intensity of the relationship
(e.g., longevity, or visit frequency). We are not aware of
other studies that have examined the relationship of
HRQOL in dialysis or other chronic disease populations
with the frequency of PCP visits. While visits with the
CHWs did not independently influence changes in
KDQOL scores, prior analysis suggests the CHWs facili-
tated access to the PCPs and is consistent with the CHW
role as a clinical liaison30. Our sample size did not afford a
comparison of the impact CHWs on Spanish-speaking ver-
sus English-speaking participants.
Our study had limitations. As a before–after design and

limited to two intervention sites with one group of academi-
cally based nephrologists, we cannot solely attribute the ob-
served changes in HRQOL to the intervention with absolute
certainty. Although those who withdrew consent during the
study was small (4%), an additional 22% were lost due to
transplant, leaving the center, or death and the impact on our
results is not known. Also, although there was a team assem-
bled, we did not collect detailed process measures on how the
team interacted with the PCP or each other. Therefore, we
cannot be entirely certain how other components of the inter-
vention (e.g., pharmacist, nurse coordinator) contributed to
HRQOL. Enhanced dialog between all the team members
may have contributed to improved HRQOL. Future studies
should consider approaches to capture team communications
and related additional patient-reported outcomes.

CONCLUSION

We conducted a before–after health system intervention
study with repeated measures aimed at integrating primary
care and enhancing care coordination in an interdisciplin-
ary dialysis care team and comparing outcomes with care
provided under the current Medicare-mandated model of
care. Several aspects of HRQOL improved over time. The
addition of a PCP in our model appeared to meet a previ-
ously unmet need for some patients with low HRQOL.
With increased emphasis on improving patient experience
with care46, 47, 57, there is an urgent need for novel health-
care interventions that address these issues among chronic
hemodialysis patients. Systematic evaluation of new care
models is needed to facilitate comparison of results across
studies. Ultimately, we hope that findings from our study
will inform healthcare reorganization efforts aimed at im-
proving care and outcomes for chronic hemodialysis
patients, as well as other patients with kidney disease.
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