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Background: Non-adherence to dialysis recommendations is common and associated with

poor outcomes. We used data from a cohort of in-center hemodialysis patients to determine

whether patients’ reported difficulties with adherence were associated with achievement of

clinical targets for treatment recommendations.

Patients and Methods: We included 799 in-center patients receiving hemodialysis from

February 2010 to October 2016 at Emory Dialysis (Atlanta, GA, USA). Patient-reported

difficulty with adherence (yes vs no) across multiple domains (coming to dialysis, complet-

ing dialysis sessions, fluid restrictions, diet restrictions, taking medications) was obtained

from baseline social worker assessments. Achievement of clinical targets for coming to

dialysis (missing ≥3 expected sessions), completing dialysis sessions (shortening >3 sessions

by ≥15 min), fluid restrictions (mean interdialytic weight gain ≥3 kg), diet restrictions (mean

potassium ≥5.0 mEq/L, mean phosphate >5.5 mg/dL), and taking medications (mean phos-

phate >5.5 mg/dL) was estimated over the following 12 weeks, using electronic medical

record data. Crude agreement was assessed, and multivariable logistic regression was used to

estimate the associations between these measures.

Results: Agreement between reported difficulty in adherence and failure to achieve clinical

targets was generally poor across all domains (percent agreement: 52.9–65.3%). After

adjustment, patients reporting difficulty with fluid restrictions were 62% more likely to

have mean interdialytic weight gain ≥3 kg than those not reporting difficulty (OR: 1.62,

95% CI: 1.08, 2.43). Patients reporting difficulty with coming to dialysis were 41% more

likely to miss ≥3 expected dialysis sessions over 12 weeks (OR: 1.41, 95% CI: 0.96, 2.07);

however, this association was not statistically significant. There were no significant associa-

tions between reported difficulty and failure to achieve clinical targets in other categories.

Conclusion: While reported difficulty with only fluid restrictions and coming to dialysis

were associated with failure to achieve clinical targets in our study, the general lack of

agreement between reported difficulty with adherence and failure to achieve clinical targets

highlights a gap that could be explored to develop and target educational interventions aimed

at increasing adherence among dialysis patients.

Keywords: dialysis, end-stage renal disease, visit adherence, diet, fluid restriction,

medications

Introduction
In 2017, there were over 700,000 patients in the USA living with end-stage renal

disease (ESRD), with 63.2% of these patients being treated with hemodialysis.1

Patients treated with in-center hemodialysis must not only attend prescribed dialysis
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sessions in a dialysis facility three times a week for

3–5 h each session,2 but also adhere to strict restrictions on

diet and fluid intake and complex medication regimens. For

example, because the kidneys of hemodialysis patients can

no longer regulate blood potassium and phosphate, high

intake of potassium- and phosphate-rich foods must be

avoided to prevent the development of hyperkalemia and

hyperphosphatemia, respectively.3,4 Non-adherence to phos-

phate-binding medications, used to further control the

amount of blood phosphate between dialysis sessions, can

also lead to hyperphosphatemia.4 Hyperkalemia can result in

serious cardiac issues, including arrhythmia and heart

failure,3 whereas hyperphosphatemia can lead to disorders

of bone mineral metabolism, pruritus, and atherosclerosis

due to excess circulating calcium.5 Hemodialysis patients

are also recommended to limit their fluid intake, often to

<32 ounces of fluid per day, in order to avoid hypervolemia,

which can lead to swelling, changes in blood pressure, and

increased strain on the heart, including exacerbations of

coexisting heart failure.6 Missing or shortening hemodialysis

sessions can also contribute to hyperkalemia, hyperphospha-

temia, and hypervolemia.7

In addition to short-term consequences of treatment non-

adherence, studies have shown that non-adherence to dia-

lysis treatment recommendations is associated with higher

risk of poor long-term outcomes.7–10 Skipping dialysis ses-

sions has been associated with as much as 30% increased

mortality, as well as up to 35% higher interdialytic weight

gain (IDWG), up to 17% higher serum phosphate, and up to

9% higher serum potassium.7 Treatment non-adherence has

also been shown to be associated with increased risk of

hospitalizations in patients.9 Despite these risks, 50% of

patients are estimated to be non-adherent to at least one

aspect of their treatment recommendations.11

Because of the complexity of dialysis care and the clinical

importance of treatment adherence, as well as the association

between psychosocial factors and treatment adherence,12,13

social workers play an important role in helping to educate

patients about their treatment and access resources that might

help them to improve adherence.14 However, in order to

provide the best care to patients, non-adherent patients must

be reliably identified by dialysis providers. Definitions of

non-adherence have varied across studies, with both labora-

tory-based and patient-reported measures being utilized.15 In

addition, to better understand the causes of non-adherence, as

well as the best ways to plan interventions to increase adher-

ence to treatment among dialysis patients, it is important to

understand the association between patient-reported

difficulty with adherence (which may serve as a marker of

increased risk of subsequent actual non-adherence and

related poor outcomes) and achievement of clinical targets.

To our knowledge, only one previous study in the USA has

assessed crude correlations between patient-reported mea-

sures of adherence and clinical measures for phosphate-

binding medications, diet restrictions, and fluid restrictions

among hemodialysis patients; however, this study did not

account for demographic, social, or clinical factors that may

be possible confounders.16 In this study, we aimed to use

electronic medical record (EMR) data from a cohort of

patients treated with in-center hemodialysis at Emory

Dialysis, along with social worker assessment data, to deter-

mine whether patients’ reported difficulty with adherence to

dialysis recommendations is associated with achievement of

clinical targets, independent of potential confounders.

Materials and Methods
Data Sources and Study Population
This retrospective cohort study consists of a population of

patients treated with in-center hemodialysis at Emory

Dialysis facilities in the Atlanta area (GA, USA) between

February 2010 and October 2016. Data on patient-reported

difficulty with adherence to dialysis recommendations,

along with information on depression/anxiety, current

employment, and memory impairment, were extracted

from the baseline (first available) psychosocial assessments

conducted by social workers at the time of first hemodialysis

treatment at Emory Dialysis, upon change of modality, or

annually. Data from a total of 1443 social worker assess-

ments were available. Emory Dialysis EMR data for a study

period of 84 days (12 weeks) post-psychosocial assessment

date were linked to psychosocial data via unique chart

identifiers. These data included information on patient

demographics, dialysis session flowsheets, laboratory

records, hospital admissions, treatment modality, vascular

access, and comorbid conditions (problem list).

Patients were excluded if they were not on in-center

hemodialysis at the time of psychosocial assessment

(n=118), if they did not remain on in-center hemodialysis

at Emory Dialysis for 84 days post-psychosocial assessment

date (n=284), if they did not answer all five assessment

questions related to reported ease of adherence (n=232), or

if they did not have available laboratory data (n=10), leaving

a sample of 799 patients (Figure 1). The study was approved

by the Emory University Institutional Review Board, in

compliance with the Declaration of Helsinki. Patient consent
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was waived for this secondary data analysis with no patient

contact. Data confidentiality was assured by storage of

patient identifiers in separate files and locations from the

analytic data, and storage of analytic data on an encrypted

server accessible only to the research team.

Study Variables
Patient-Reported Difficulty with Adherence

Self-reported difficulty with adherence was dichotomized

(yes vs no), with yes defined as a response of “very diffi-

cult,” “somewhat difficult,” or “neither easy nor difficult” (vs

“somewhat easy” or “very easy”) to questions in the social

worker assessment regarding ease in coming to dialysis

sessions, completing dialysis sessions, fluid restrictions,

diet restrictions, and taking medications (Table 1). For the

examination of adherence to phosphate recommendations

(related to both diet and medication adherence), a four-

level variable was created: reported difficulty with neither

diet restrictions nor taking medications, reported difficulty

with medications only, reported difficulty with diet only, and

reported difficulty with both diet and medications.

Clinical Targets

EmoryDialysis EMR data were utilized to create four dichot-

omous variables (yes vs no) indicating failure to achieve

clinical targets for coming to dialysis, completing dialysis

sessions, fluid restrictions, potassium control (related to diet

restrictions), and phosphate control (related to diet restric-

tions and taking medications). Failure to achieve targets for

coming to dialysis was defined as missing ≥3 expected ses-

sions during the 84-day study period (approximately 1 ses-

sion per 4 weeks, or 8.3% of sessions). A total of 36 sessions

(based on 3 sessions per week) were expected over the study

period; to account for hospitalizations, for every 2 days

a patient was hospitalized during the study period, 1 expected

Figure 1 Summary of exclusions of in-center hemodialysis patients in our study population.
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session was subtracted from the patient’s total expected ses-

sions. Failure to achieve clinical targets for completing dia-

lysis was defined as shortening >3 sessions by ≥15 min

during the study period. Failure to achieve targets for fluid

restrictions was defined as a mean IDWG of ≥3 kg over the

84-day period. Lack of potassium control (failure to achieve

targets for diet restrictions) was defined as a mean potassium

of ≥5.0 mEq/L over the study period. Lack of phosphate

control (failure to achieve diet restriction and/or medication

adherence clinical targets) was defined as a mean serum

phosphate of >5.5 mg/dL over the study period.

Other Covariates

Employment status as self-reported by patients in psychosocial

assessment was categorized as employed (including full-time

and part-time), unemployed disabled (including unemployed

disabled and medical leave of absence), unemployed other

(including unemployed by choice, unemployed looking for

work and retired), or other/missing. Presence of patient depres-

sion or anxiety (yes vs no) was defined as social worker-

reported current signs or symptoms for depression or anxiety

problems reported on the social worker assessment. Memory

impairment (yes vs no) was defined as social worker-reported

appearance of problems with either short-term or long-term

memory as reported on the social worker assessment.

Attributed cause of ESRD was ascertained from Emory

Dialysis EMR data and categorized into diabetes, hyperten-

sion, glomerulonephritis, or unknown/other. Race was ascer-

tained using demographic data from EMR data and was

dichotomized into black versus not black, due to small sample

sizes for other racial groups. Comorbid conditions were

ascertained from EMR data (“problem list”), including condi-

tions reported at any time during the 84-day study period, and

were dichotomized as present vs absent; these included dia-

betes, hypertension, heart failure, cancer, pain, chronic

obstructive pulmonary disease, and cardiovascular disease

(including all atherosclerotic events and conditions, such as

myocardial infarctions, cerebrovascular events, and peripheral

vascular disease). Patient vascular access in use at the time of

psychosocial assessment was defined using EMR data and

categorized into fistula, graft, or catheter. Age at psychosocial

assessment was ascertained using patient age at the date the

demographic data were pulled, along with the social worker

assessment date.

Statistical Analysis
Patient demographic, social, and clinical information was

summarized overall and by response to the five self-

reported adherence questions using two-sample t-tests for

continuous variables and chi-squared or Fisher’s exact

tests for categorical variables, as appropriate. Chi-square

d tests were also conducted comparing the percentage of

patients failing to achieve clinical targets in each category

by reported difficulty in each category. Percent agreement

between the two measures and kappa statistics were also

calculated for each category. Odds ratios (ORs) and 95%

CIs were calculated for the associations between patient-

reported difficulty in adherence and failure to achieve

clinical targets using logistic regression models. In addi-

tion to an unadjusted model, we performed sequential

adjustment for those potential confounding demographic

and clinical variables (age, sex, and vascular access type)

and psychosocial variables (depression) that were asso-

ciated with the exposures in crude analyses. Several sensi-

tivity analyses using the full model were also conducted.

To address potential misclassification, (i) patients respond-

ing “neither easy nor difficult” for each question were

placed in the “not difficult” rather than “not easy” group,

and (ii) the definition for failure to achieve clinical targets

for coming to dialysis was increased to ≥4 missed

expected sessions (11.1% of sessions) over the study per-

iod. The population was also limited or expanded in sev-

eral ways to address other potential biases: (iii) the entire

population was limited to only patients on dialysis for

>1 year, to limit the sample to patients with substantial

experience on dialysis; (iv) analysis for phosphate control

was limited to patients with orders for phosphate binders,

to limit the sample to patients requiring medications for

phosphate control; and (v) the exclusion of patents not

Table 1 Adherence Questions Included on the Standardized

Assessment of In-Center Hemodialysis Patients by Social

Workers

Category Question

Coming to dialysis Over the past month, how easy or difficult has

it been for you to come to each hemodialysis

treatment?

Completing

dialysis

Over the past month, how easy or difficult has

it been for you to complete the full prescribed

hemodialysis treatment time?

Fluid restrictions Over the past month, how easy or difficult has

it been for you to follow fluid restrictions?

Diet restrictions Over the past month, how easy or difficult has

it been for you to follow dietary restrictions?

Taking medications Over the past month, how easy or difficult has

it been for you to take medications as

prescribed?
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responding to all five psychosocial assessment questions

regarding ease of adherence was removed, so that all

available data for each adherence item were used.

Results
Patient Characteristics
Overall, the mean age at psychosocial assessment date of the

799 patients included in the cohort was 57.1 years and 54.8%

of patients weremale (Table 2). Themajority of patients were

black (95.3%). Hypertension was the attributed cause of

ESRD in 57.3% of patients, diabetes in 19.3% of patients,

and glomerulonephritis in 5.3% of patients. Most patients

had comorbid conditions noted on their problem list, with

74.8% having hypertension, 20.1% having cardiovascular

disease, 10.3% having diabetes, 8.4% having pain, 5.9%

having chronic obstructive pulmonary disease, and 5.2%

having heart failure. In addition, 9.2% of the cohort had

symptoms of depression/anxiety and 13.7% had memory

impairment. More than half of patients were unemployed

because of disability (56.7%), while 31.8% were unem-

ployed for other reasons; only 8.5% were employed.

Catheters were the most common vascular access (45.2%),

followed by fistulas (30.8%) and grafts (24.0%).

Response frequencies for each category of patient-

reported difficulty with adherence can be seen in Figure 2.

“Very easy” was the most common response for all five

domains, with 53.2% of patients responding “very easy” for

coming to dialysis, 55.2% for completing dialysis sessions,

41.2% for following fluid restrictions, 39.3% for following

diet restrictions, and 64.3% for taking medications. Several

patient characteristics differed significantly by patient-

reported difficulty with adherence. In each of the five cate-

gories of non-adherence, patients reporting difficulty were

statistically significantly more likely to have symptoms of

depression/anxiety and to be using a catheter for vascular

access, compared to patients not reporting difficulty

(Supplemental Tables 1–5). Patients reporting difficulty

with fluid restrictions were also statistically significantly

more likely to be male (Supplemental Table 3).

Finally, the reported difficulty with adherence among

patients who were excluded owing to not having 84 days

of follow-up post-assessment (n=284) was compared to

the reported difficulty among those who were included in

the study. For each category of adherence, a higher per-

centage of patients in the excluded group reported diffi-

culty with adherence compared to those included in the

study (p<0.05 for all) (Supplemental Table 6).

Association Between Reported Difficulty

with Adherence and Achievement of

Clinical Targets
As shown in Table 3, 30.4% of patients who reported

difficulty in coming to dialysis were found to miss ≥3

expected sessions over the study period, in comparison to

24.2% who did not report difficulty in adherence;

Table 2 Characteristics of In-Center Hemodialysis Patients

Treated at Three Metropolitan Atlanta Dialysis Facilities,

February 2010–October 2016

Characteristic Overall (N=799)

Age (years), mean (SD) 57.1 (14.1)

Sex, % (N)

Male 54.8% (438)

Female 45.2% (361)

Race, % (N)a

Black 95.3% (711)

Not black 4.7% (30)

Cause of ESRD, % (N)

Diabetes 19.3% (154)

Hypertension 57.3% (458)

Glomerulonephritis 5.3% (42)

Unknown/other 18.2% (145)

Depression/anxiety, % (N)b

Yes 9.2% (72)

No 90.8% (711)

Memory impairment, % (N)c

Yes 13.7% (107)

No 86.3% (677)

Employment status, % (N)d

Employed 8.5% (53)

Unemployed disabled 56.7% (355)

Unemployed other 31.8% (199)

Other 3.0% (19)

Comorbid conditions, % (N)e

Diabetes 10.3% (82)

Hypertension 74.8% (595)

Heart failure 5.2% (41)

Cancer 2.0% (16)

Pain 8.4% (67)

COPD 5.9% (47)

CVD 20.1% (160)

Vascular access, % (N)

Fistula 30.8% (246)

Graft 24.0% (192)

Catheter 45.2% (361)

Notes: aN=741; bN=783; cN=784; dN=626; eN=796.
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however, this difference was not statistically significant

(p=0.09). These measures had a percent agreement of

65.3% with a kappa value of 0.06. For fluid restrictions,

21.6% of patients reporting difficulty in adherence had

a mean IDWG of ≥3 kg, which differed significantly

from those not reporting difficulty (15.1%, p=0.02). The

two measures had a percent agreement of 65.1% and

a kappa value of 0.07. Among the other categories of

adherence, there were no differences in the proportion of

patients failing to achieve clinical targets by patient-

reported reported difficulty and there was poor agreement

(percent agreement 52.9–62.2%; kappa values −0.02 to

0.04) between reported difficulty with adherence and fail-

ure to achieve clinical targets (Table 3).

Patients reporting difficulty with fluid restrictions

were 55% more likely to have a mean IDWG ≥3 kg,

compared to those not reporting difficulty, which was

a statistically significant association (OR: 1.55, 95% CI:

1.06, 2.27) (Table 4). Adjusting for age, sex, and vas-

cular access, there was a similar association (OR: 1.53,

95% CI: 1.03, 2.29). Including adjustment for depres-

sion along with the previously mentioned covariates led

to a slightly increased magnitude for the association

(OR: 1.62, 95% CI: 1.08, 2.43). Patients reporting diffi-

culty with coming to dialysis were 37% more likely to

miss ≥3 expected sessions over the study period than

those not reporting difficulty; however, this association

was not statistically significant (OR: 1.37, 95% CI:

0.95,1.97). This association was similar in magnitude

after adjustment for age, sex, vascular, access, and

depression. The magnitudes of associations between

reported difficulty and failure to achieve clinical targets

in other categories were close to null and not statisti-

cally significant. These associations were not changed

by adjustment for age, sex, vascular access, or depres-

sion (Table 4).

Sensitivity Analysis
When patients responding “neither easy nor difficult” to

adherence questions were included in the not difficult

group, results for the association between patient-

reported difficulty with adherence to recommendations

and achievement of clinical targets after adjustment for

age, sex, vascular access, and depression, were further

from the null for the coming to dialysis, completing

dialysis and fluid restrictions categories (Table 5).

Modifying the definition for failure to achieve clinical

targets for coming to dialysis from ≥3 missed sessions

to ≥4 missed sessions during the study period also led to

an association which was further from the null than the

primary analysis (OR: 1.62, 95% CI: 1.07, 2.45).

Among the population of patients receiving dialysis for

Figure 2 Distribution of patient-reported ease of adherence, by category of adherence.
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>1 year (n=309 patients), associations were also gener-

ally further from the null, relative to the primary results.

Associations were similar when removing the exclusion

for patients who did not answer all five relevant social

worker assessment questions. Limiting analysis for

phosphate control to only patients prescribed phosphate

binders did not meaningfully change the associations

between reported difficulty in either diet or medication

categories (OR: 0.98, 95% CI: 0.66, 1.46) or both diet

and medication categories (OR: 1.46, 95% CI: 0.92,

2.30) compared to those who did not report difficulty

with either category.

Discussion
In this retrospective study of a cohort of 799 patients treated

with in-center hemodialysis at three metropolitan Atlanta

dialysis facilities, patient-reported difficulty with adherence

to dialysis recommendations was not consistently associated

with achievement of clinical targets, as defined by clinical

and laboratory-basedmeasures. Agreement between reported

difficulty of adherence and failure to achieve clinical targets

was low across all domains examined (percent agreement

53–65%; kappa values all <0.1). Patient-reported difficulty

with fluid restrictions was statistically significantly asso-

ciated with 55% greater likelihood of having a mean

Table 4 Associations Between Reported Difficulty with Adherence and Failure to Achieve Clinical Targets

OR (95% CI) for Failure to Achieve Clinical Targets by Adherence Recommendation

Reported Difficulty in: Model 1a Model 2b Model 3c

Coming to dialysis (yes vs no) 1.37 (0.95, 1.97) 1.40 (0.96, 2.03) 1.41 (0.96, 2.07)

Completing dialysis (yes vs no) 0.91 (0.66, 1.27) 1.00 (0.71, 1.41) 1.03 (0.73, 1.46)

Fluid restrictions (yes vs no) 1.55 (1.06, 2.27) 1.53 (1.03, 2.29) 1.62 (1.08, 2.43)

Diet restrictions (yes vs no) 1.08 (0.73, 1.62) 1.12 (0.74, 1.68) 1.13 (0.74, 1.72)

Taking medications/diet restrictions

Neither Referent Referent Referent

Either 0.99 (0.69, 1.43) 0.98 (0.67, 1.43) 0.97 (0.66, 1.43)

Both 1.31 (0.87, 1.97) 1.28 (0.83, 1.96) 1.39 (0.89, 2.16)

Notes: aUnadjusted; bAdjusted for age, sex, and vascular access; cAdjusted for age, sex, vascular access, and depression/anxiety.

Table 3 Failure to Achieve Clinical Targets Among Metropolitan Atlanta In-Center Hemodialysis Patients, by Patient-Reported

Difficulty with Adherence

AmongThosewith ReportedDifficultywith: % Actual Non-Adherence as Defined by: Pa % Agreement Kappa (95% CI)

Coming to dialysis Missing ≥3 sessions during study period

Yes 30.4 0.09 65.3% 0.06 (−0.01, 0.13)

No 24.2

Completing dialysis Shortening sessions by ≥15 minin >3 sessions

Yes 41.2 0.6 52.9% −0.02 (−0.08, 0.05)

No 43.3

Fluid restrictions IDWG ≥3 kg

Yes 21.6 0.02 65.1% 0.07 (0.01, 0.14)

No 15.1

Diet restrictions Serum potassium >5.0 mEq/L

Yes 15.8 0.7 61.1% 0.01 (−0.05, 0.07)

No 14.8

Diet restrictions and taking medications Serum phosphate >5.5 mg/dL

Neither 33.9 0.4

Either 33.7 58.1% −0.01 (−0.08, 0.05)

Both 40.2 62.2% 0.04 (−0.02, 0.10)

Note: aUsing chi-squared test.
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IDWG of ≥3 kg over 12 weeks. Reported difficulty with

coming to dialysis also appeared to be positively associated

with failing to achieve targets, with patients reporting diffi-

culty being 37% more likely to miss ≥3 expected sessions

over 12 weeks; however, this association was not statistically

significant. Among the other categories of adherence (com-

pleting dialysis, diet restrictions, and taking medication/diet

restrictions combined), associations between reported diffi-

culty with adherence and failure to achieve clinical targets

were close to null and not statistically significant. All asso-

ciations were similar in magnitude and statistical significance

after adjustment for age, sex, vascular access type, and

depression. Overall, this study shows that patient-reported

difficulty in coming to dialysis and fluid restrictions on

psychosocial assessments may be somewhat predictive of

behavior regarding achievement of clinical targets related

to these recommendations. However, patient-reported diffi-

culty with completing dialysis, diet restrictions, and taking

medications may not be reliable indicators of achievement of

clinical targets in these areas.

In our study, 23% of patients reported difficulty with

coming to dialysis, 24% in completing dialysis, 31% with

fluid restrictions, 35% with diet restrictions, 22% with either

diet or taking medications, and 15% with both diet restric-

tions and taking medications. While no previous studies

assessed patient-reported difficulty with dialysis adherence,

Kugler et al utilized the Dialysis Diet and Fluid Non-

Adherence Questionnaire to assess patient-reported non-

adherence in diet and fluid restrictions in 113 hemodialysis

patients across six clinics in the USA.17 This questionnaire

captures non-adherent behavior by asking patients “How

many times in the last 14 days did you not follow your diet/

fluid guidelines?” and “To what degree did you deviate from

diet/fluid guidelines?”17 The study found that 74% of

patients self-reported some non-adherence to diet and 65%

of patients self-reported some non-adherence to fluid, per-

centages that were much higher than the 35% and 31% found

in our study.17While differences in the study population may

explain some of this difference, these results highlight that

there is likely an important distinction in assessing patient-

reported difficulty with adherence (a measure of attitudes

and/or beliefs) and patient-reported non-adherence (a mea-

sure of behavior).

Using medical record data, we found that 26% of

patients failed to achieve clinical targets for coming to

dialysis, 43% for completing dialysis, 15% for diet restric-

tions, 17% for fluid restrictions, and 35% for phosphate

control. In the Dialysis Outcomes and Practice Patterns

Study (DOPPS), Saran et al found that 7.9% of the 3359

US patients skipped ≥1 dialysis session per month, 19.6%

of patients shortened a session by ≥10 min each month,

16.8% had an IDWG of >5.7% of body weight, and 15.4%

had a serum phosphate concentration of >7.5 mg/dL and

6.3% a serum potassium concentration of >6.0 mEq/L.9

These percentages were lower than our findings. However,

our cut-offs were lower than those used in the DOPPS,

which likely explains at least some of this discrepancy.

Because there is no standard for evaluating adherence,

other studies have used varying clinical measures to define

non-adherence in patients undergoing hemodialysis, and

found that proportions of patients non-adherent to coming

to dialysis, fluid restrictions, diet restrictions, and taking

medications were highly variable (0–32%, 3.4–74%, 1.2–

82.4%, and 1.2–81%, respectively), making comparisons

Table 5 Sensitivity Analysis

OR (95% CI) for Failure to Achieve Clinical Targets by Adherence Recommendation

Reported Difficulty in: Fully Adjusted

Model (from

Table 4)

Neither Easy nor

Difficult Placed in

Not Difficult

Dialysis Vintage

>1 Year Only

(N=309)

Removing Exclusion for Not

Answering All 5 Adherence

Questions

Coming to dialysis (yes vs no) 1.41 (0.96, 2.07) 2.19 (1.37, 3.53) 1.70 (0.83, 3.49) N=838 1.39 (0.96, 2.02)

Completing dialysis (yes vs no) 1.03 (0.73, 1.46) 1.67 (1.05, 2.67) 1.63 (0.97, 3.07) N=835 1.03 (0.73, 1.44)

Fluid restrictions (yes vs no) 1.62 (1.08, 2.43) 2.20 (1.39, 3.48) 2.61 (1.46, 4.68) N=819 1.62 (1.09, 2.42)

Diet restrictions (yes vs no) 1.13 (0.74, 1.72) 0.90 (0.30, 2.74) 0.50 (0.13, 1.82) N= 823 1.14 (0.76, 1.73)

Taking medications/diet restrictions

Neither Referent Referent Referent Referent

Either 0.97 (0.66, 1.43) 0.90 (0.61, 1.33) 1.01 (0.54, 1.89) 1.02 (0.70, 1.50)

Both 1.39 (0.89, 2.16) 2.64 (0.96, 7.25) 1.34 (0.59, 3.03) 1.47 (0.95, 2.26)

Note: All models adjusted for age, sex, vascular access, and depression/anxiety.
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of measures of actual adherence to dialysis and its man-

agement across populations difficult.7

When assessing the crude correlations between patient-

reported measures of adherence and clinical measures for

phosphate-binding medications, diet restrictions, and fluid

restrictions in 116 US hemodialysis patients across two

clinics, Cummings et al used average serum phosphate

levels >5.5 mg/dL, average serum potassium levels >5.5

mEq/L, and average IDWG >3.0 kg to define failure to

achieve clinical targets, similarly to our study.16 The

authors compared these measures to patient-reported

adherence collected during interviews with study staff.

Similar to the results of our study, the authors found only

weak correlations between the measures across all three

categories (r=0.36, r=0.17, and r=0.06, respectively).

However, their study did not account for potential con-

founding demographic, social, or clinical factors.16

Our study’s results highlight the discrepancy between

patient-reported difficulty with adherence and achievement

of clinical targets related to dialysis treatment recommen-

dations. There are various possible explanations for this

lack of congruence. Because our study relied on patient-

reported difficulty with adherence by social worker assess-

ment, the length and quality of the relationship between

social worker and patient (which are likely to be short and

low at the initial assessment at the clinic), or problems

with general mistrust of the medical system, could affect

patient responses.18 In addition, social desirability bias

could cause patients to underreport difficulty in adherence,

with the hope of being viewed favorably by the social

worker.19 Importantly, patients only reported difficulty

with adherence to recommendations, and it is possible

that patients are non-adherent for reasons other than find-

ing them difficult.20 For example, qualitative studies

related to non-adherence in dialysis patients have found

that some patients feel that dialysis sessions will compen-

sate for medication or fluid non-adherence, highlighting

a gap in understanding the interrelatedness of the treatment

recommendations and, thus, the importance of adherence

to all (not just some) treatment recommendations.21,22

Studies have also shown that these populations may not

connect poor outcomes (whether proximal or distal, such

as hospitalization and mortality) to their adherence to

dialysis and treatment recommendations.22 Education tar-

geted at these gaps in knowledge, including ensuring that

patients understand the importance of admitting to any

adherence difficulties they are having so that their team

of providers can help them to find solutions, will be

critical to improving adherence in this population.23

Previous efforts to improve adherence have included

education on the importance of adhering to treatment

recommendations, as well as automated messaging to

decrease communication barriers and missed sessions,

and cognitive behavioral therapy.24–26 However, if an

intervention is to be targeted to the highest-risk patients,

the first step is to identify patients who are risk for poor

adherence, and subsequently, at increased risk for poor

outcomes such as hospitalization and mortality.9,17

Owing to the discrepancy between patient-reported ease

of adherence and achievement of clinical targets, future

methods for identifying those most at risk should include

measures other than patient-reported difficulty with adher-

ence. Future studies on this topic could involve investigat-

ing the relationships between coping styles, attitudes and

beliefs regarding adherence, knowledge about adherence,

reported difficulty with adherence, reported non-

adherence, and achievement of clinical targets related to

adherence; the association of discrepancies between these

measures with other clinical outcomes; and determining

better methods of identifying risk for non-adherence.

Our study design had several limitations. Measures for

achievement of clinical targets for diet, fluid, and medica-

tions were indirect and simplified. The design did not

account for the fact that sodium intake from diet could

also affect IDWG or that other aspects of dietary restrictions

exist beyond potassium intake. As noted above, phosphate

levels are the results of medication, diet, and dialysis adher-

ence, although results were similar when these analyses

were limited to those prescribed phosphate binders. In addi-

tion, phosphate binders may be viewed by some patients as

being more like nutritional supplements than medications,

and thus they may not report difficulty taking medications

even if they skip phosphate binders. However, these mea-

sures were similar to those used by previous studies.9,11,15,17

Misclassification of the exposure (difficulty with adherence)

is also possible, although sensitivity analyses including

“neither easy nor difficult” in the “not difficult” group

showed similar results (if further from the null for some

categories). There is also potential misclassification in other

variables due to the clinical nature of the data; for example,

it is likely that comorbid conditions captured from the

problem lists have high specificity but low sensitivity, par-

ticularly for less severe comorbid conditions; our

prevalences of diabetes and hypertension as comorbid con-

ditions are low relative to those reported in national data.1
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Because our population was limited to patients receiving

dialysis at Emory Dialysis facilities, there was little varia-

tion in race, which limited the ability to control for this

factor as a possible confounder of the association between

reported difficulty and actual non-adherence or to examine

differences in the associations by race. The median dialysis

vintage of the cohort was 78 days, and patients just starting

dialysis may not yet completely grasp how difficult it may

be to maintain adherence, and/or may take several months

to achieve clinical targets; indeed, sensitivity analyses lim-

ited to those on dialysis for a year or more showed even

stronger associations between reported difficulty with

adherence and failure to achieve clinical targets. As with

any observational study, residual confounding is possible;

for example, our analysis did not account for how long

patients had had ESRD, since the first date of ESRD treat-

ment was not always available if it occurred outside Emory

Dialysis. It is possible that the exclusion of individuals who

did not have 84 days of follow-up after their assessment

introduced selection bias, particularly as those excluded by

this criterion were more likely to report difficulty with

adherence across all domains. We also did not include

home hemodialysis or peritoneal dialysis patients, whose

associations between reported difficulty with adherence and

achievement of clinical targets may differ, given the greater

self-management demands of these treatments. Despite

these limitations, this study provides valuable information

on the association between patient-reported difficulty with

adherence to dialysis recommendations and achievement of

clinical targets, as defined by clinical and laboratory infor-

mation available in the EMR.

Conclusion
We found that reported difficulty with adherence to fluid

restrictions and coming to dialysis appear to be positively

associated with failure to achieve related clinical targets,

while reported difficulty with completing dialysis, diet

restrictions, and taking medications do not appear to be

as associated with achievement of clinical targets. These

findings highlight a gap that could be explored to develop

and target educational interventions aimed at increasing

adherence among dialysis patients.
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