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Abstract

Background—Since January 2002, Medicare has provided payment for medical nutrition 

therapy for patients with chronic kidney disease. Few patients receive dietary counseling before 

end-stage renal disease (ESRD) onset; whether such counseling is associated with improved 

outcomes is unknown.

Study design—Retrospective cohort analysis.

Setting and participants—Patients who initiated hemodialysis June 1, 2005-May 31, 2007, in 

the US, for whom predialysis dietitian care was reported on the Centers for Medicare & Medicaid 

Services Medical Evidence Report.

Predictor—Dietitian care before ESRD onset.

Outcome—Time to death.

Measurements—Propensity score for dietitian care calculated using logistic regression; Cox 

regression analysis used to compare time to death by predialysis dietitian care overall and stratified 

by tertiles of propensity score, adjusting for baseline characteristics.

Results—Most patients (88%) received no dietitian care; 9% received dietitian care for ≤ 12 

months, and 3% received dietitian care for > 12 months before dialysis initiation (total n = 

156,440). Predialysis dietitian care was independently associated with higher albumin and lower 

total cholesterol at dialysis initiation. There was evidence of an independent association between 

predialysis dietitian care for > 12 months and decreased mortality during the first year on dialysis 

for the second tertile of propensity score. Adjusted mortality hazards ratios (95% confidence 
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interval) were 1.16 (0.44–3.09; P = 0.8), 0.81 (0.71–0.93; P = 0.002), and 0.93 (0.86–1.01; P = 

0.1) in the first, second, and third tertiles of propensity score, respectively.

Limitations—Information on dietitian care was missing from 18.6% of Medical Evidence 

Reports, and has low sensitivity; including only incident dialysis patients precluded evaluation of 

an association between dietitian care and CKD progression; observational design allowed 

possibility of residual confounding.

Conclusions—Our study suggests an independent association between predialysis dietitian care 

for > 12 months and lower mortality during the first year on dialysis.
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The number of individuals with end-stage renal disease (ESRD) requiring dialysis is rapidly 

growing.1 Morbidity and mortality rates are exceedingly high for patients with ESRD, 

especially during the first year on dialysis.2 Protein-energy malnutrition due to low protein 

and caloric intake develops during the course of chronic kidney disease (CKD) and is 

associated with adverse outcomes. In addition, patients with CKD develop 

hyperphosphatemia and hyperkalemia due to decreased renal ability to excrete phosphorus 

and potassium, and these conditions can be managed by dietary changes. The National 

Kidney Foundation developed Kidney Disease Outcomes Quality Initiative (KDOQI) 

evidence-based guidelines that recommend routine monitoring of nutritional status at 1- to 3-

month intervals for patients with glomerular filtration rate (GFR) less than 30 mL/min/1.73 

m2 (CKD Stages 4–5) and every 6 to 12 months for patients with GFR 30 to 60 mL/min/

1.73m2 (CKD Stage 3).3 Although the guidelines do not explicitly recommend that 

evaluation and management be performed by a registered dietitian, they state that “a 

registered dietitian, trained and experienced in CKD nutrition, is best qualified to carry out 

these tasks.”3 Since January 2002, Medicare has provided payment for medical nutrition 

therapy for patients with GFR 15–50 mL/min/1.73m2 or within 6 months after kidney 

transplant. Despite these measures, only 10.5% of patients who initiated dialysis in 2005 had 

received dietary counseling before starting ESRD therapy.4 Whether dietary counseling for 

CKD patients is associated with improved patient outcomes remains unknown. To address 

this knowledge gap, we tested the hypothesis that dietary counseling before ESRD onset is 

independently associated with lower 1-year mortality among incident hemodialysis patients.

Methods

Study Participants

All patients aged 20 years and older who initiated hemodialysis between June 1, 2005, and 

May 31, 2007, resided in the United States, District of Columbia, Puerto Rico, or the 

Territories, had valid information on the Centers for Medicare & Medicaid Services (CMS) 

Medical Evidence Report (form CMS-2728), and maintained stable renal replacement 

modality for the first 60 days after dialysis initiation (n = 192,307) were identified in the US 

Renal Data System incident cohort files. Patients whose dietitian care status was missing or 

unknown (n = 35,867) were excluded, leaving 156,440 patients in the analytical cohort.
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Data Source

The CMS ESRD Medical Evidence Report was the source of data for the reported analysis. 

Providers complete this form for all patients within 45 days of renal replacement therapy 

initiation irrespective of the patient’s insurance coverage. All information is reported to the 

best of the patients’ nephrologists’ knowledge.

Pre-ESRD dietitian care status was determined based on question 18c of the Medical 

Evidence Report: “Prior to ESRD therapy, was patient under care of kidney dietitian?” 

Dietitian care categories were implied as follows: if “no” was checked, no dietitian care; if 

“yes” and “> 12 months” were checked, dietitian care for ≥ 12 months; if “yes” was checked 

and “> 12 months” was not checked, dietitian care for 0–12 months.

Validation of Dietitian Care

Dietitian care responses (yes/no) on the Medical Evidence Report were validated in the 

patient cohort aged 67 years and older who initiated hemodialysis between June 1, 2005, and 

May 31, 2007, and had Medicare as their primary source of health insurance continuously in 

the 2 years before dialysis initiation. Outpatient claims with provider specialty code 71 

(dietitian care) over 2 years preceding hemodialysis initiation were used to define dietitian 

care.

Follow-up and Outcomes

Patients were followed for 12 months (365 days) from the first dialysis date. Censoring was 

performed at the end of follow-up (12 months). The primary outcome of the analysis was 

time to death. Death information was obtained from the Death Notification (form 

CMS-2746); this information has been shown to be accurate in 99.5% of cases.5

Covariates

Age, sex, race, body mass index (BMI), smoking history, alcohol use, drug dependence, 

cause of ESRD, functional status (inability to ambulate, inability to transfer, assistance with 

activities of daily living, institutionalization, employment at the time of ESRD onset), 

comorbid conditions (atherosclerotic heart disease, congestive heart failure, history of 

cerebrovascular accident, peripheral vascular disease, hypertension, diabetes mellitus, 

chronic obstructive pulmonary disease, cancer), predialysis nephrology care, hemoglobin, 

albumin, and dialysis access at the time of dialysis initiation were obtained from the Medical 

Evidence Report. Hemoglobin and albumin values were obtained within 45 days before the 

first dialysis treatment. Whether albumin was measured by bromcresol purple dye-binding 

assay or by bromcresol green dye-binding assay was specified on the form.

Statistical Analysis

We calculated propensity scores using a logistic regression model, with predialysis dietitian 

follow-up (yes versus no) as the outcome studied. To build the propensity score model, we 

used patient characteristics and several covariate interactions. Baseline characteristics and 

interaction terms that were retained in the final model are listed in Table S1 (available online 
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at www.ajkd.org). Model fit and predictive power were assessed using the c-statistic; c-

statistic for the model was 0.809.

Baseline characteristics are presented across dietitian care strata (yes/no) within tertiles of 

propensity score and compared using ANOVA for normally distributed continuous variables, 

the Kruscal-Wallis test for non-normally distributed continuous variables, and the chi-square 

test for categorical variables. Linear regression analyses with adjustment for propensity 

score of dietitian care before dialysis initiation were performed to identify independent 

associations with serum albumin, total cholesterol, hemoglobin A1c, weight, and BMI at 

dialysis initiation. Albumin measured by bromcresol purple dye-binding assay was 

converted to albumin measured by bromcresol green dye-binding assay by the following 

formula: AlbBCG = 0.55 + AlbBCP.6 Kaplan-Meier curves of cumulative mortality for groups 

by dietitian care status were plotted and compared using the log rank test. Cox regression 

analysis was used to compare survival times, adjusting for baseline socio-demographic 

characteristics; smoking, alcohol and drug use; functional status parameters; and comorbid 

conditions as collected on form CMS-2728 in the total cohort and for tertiles of propensity 

score. All analyses were performed using 9.1 SAS software. Estimated P-values are reported 

without adjustment for making multiple comparisons.

Results

Study Population

Of 192,307 patients, dietitian care status before hemodialysis initiation was known for 

156,440, who were included in the analysis. The 35,867 patients who were excluded because 

of missing or unknown dietary care status before dialysis initiation were older, less likely to 

be white, to have reported comorbid conditions, to be employed, or to have private 

insurance, and more likely to be institutionalized than patients whose predialysis dietitian 

care status was reported.

Validation of Dietitian Care

Of patients who initiated dialysis between June 1, 2005, and May 31, 2007, 54,019 were 

aged ≥ 67 years and had Medicare as their primary source of health insurance continuously 

in the 2 years preceding hemodialysis initiation. There were 1094 outpatient Medicare 

claims for dietitian services over 2 years before dialysis initiation; using Medicare claims as 

the gold standard, sensitivity of form CMS-2728 dietitian care responses was 38% and 

specificity was 89%.

Baseline Patient Characteristics

Of the 156,440 patients included in the analytical cohort, 65% were white, 30% were 

African American, 44% were women, 46% had ESRD secondary to diabetes, and 25% had 

private insurance (Table 1). Most patients (88%) received no dietitian care before dialysis 

initiation, 9% received dietitian care for 12 months or less, and 3% received dietitian care for 

longer than 12 months before dialysis initiation. The cohort primarily consisted of elderly 

patients; mean age was 63 ± 15 years and 27% were aged 75 years or older. Patients who 

received dietitian care for longer than 12 months were slightly older (64.2 ± 14.2 versus 63.3 
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± 15.2 years), less likely to be African American (25% versus 30%), more likely to be male 

(60% versus 55%), more likely to have a reported history of heart disease (30% versus 

24%), less likely to need help with activities of daily living (9% versus 12%), less likely to 

be institutionalized (5% versus 8%), more likely to be employed (13% versus 10%), and 

more likely to have private insurance (30% versus 25%) than patients who did not receive 

predialysis dietitian care (Table S2). Dietitian care was strongly tied to predialysis 

nephrology care: 97% of patients who received dietitian care for longer than 12 months 

before dialysis initiation also received nephrologist care for longer than 12 months. Baseline 

characteristics of patients with and without dietitian care were well balanced when stratified 

by tertiles of the propensity score (Table 1).

Dietitian Follow-up and Nutritional Parameters at Dialysis Start

Predialysis dietitian care was independently associated with higher albumin and lower total 

cholesterol at dialysis initiation (Table 2). Predialysis dietitian care for 0–12 months was 

associated with lower weight and BMI, and predialysis dietitian care for > 12 months was 

associated with higher weight but not BMI. There was no association between predialysis 

dietitian care and hemoglobin A1c (Table 2).

Dietitian Follow-up and First-Year Mortality on Dialysis

During mean follow-up of 9.9 months, 38,687 patients died (24.7%).

The c-statistic of the logistic regression model to estimate the likelihood of predialysis 

dietitian care for each patient (propensity score) indicated good predictive ability (c = 

0.809). In the analysis stratified by tertiles of the propensity score, after adjustment for 

multiple covariates, there was a significant 19% relative risk reduction for death among 

patients with > 12 months dietitian care in the second tertile of propensity score (hazard ratio 

[HR] 0.81, 95% confidence interval [CI], 0.71–0.93; P = 0.002; Table 3). In the third tertile 

of propensity score, there appeared to be an association of predialysis dietitian care > 12 

months and lower first-year mortality (HR, 0.93; 95% CI 0.86–1.01), but this association did 

not reach significance (P = 0.1). There was no evidence of an association between 

predialysis dietitian care > 12 months and first-year mortality (HR, 1.16; 95% CI, 0.44–3.09; 

P = 0.8) for the first tertile of propensity score. There was no evidence of independent 

associations between dietitian care < 12 months and mortality in any of the three propensity 

score strata (Table 3).

The conventional multivariate Cox model revealed a small-in-magnitude but statistically 

significant association between predialysis nephrology care and survival on dialysis: HRs 

(95% CI) were 0.95 (0.91–0.99) for dietitian care for 0–12 months and 0.85 (0.79–0.91) for 

dietitian care for > 12 months, compared with no predialysis dietitian care. After adjustment 

for predialysis nephrology care, the magnitude of the effect decreased and the association 

was no longer significant (Table S3). In the cohort limited to patients who received 

nephrology care, adjusted HRs (95% CI) of death associated with dietitian care were 1.01 

(0.97–1.06) for dietitian care for 0–12 months and 0.91 (0.85–0.98) for dietitian care for > 

12 months compared with no dietician care (P = 0.01) (Table S3).
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Discussion

In a nationally representative cohort of incident dialysis patients, we found an association 

between predialysis dietitian care and higher albumin and lower total cholesterol at dialysis 

initiation, and our results suggest an independent association between predialysis dietitian 

care > 12 months and improved survival during the first year on dialysis. Our study is the 

first epidemiologic study to assess the association between predialysis dietitian care and 

laboratory and clinical outcomes on dialysis. Unfortunately, we report a very low rate of 

predialysis dietitian care in the United States.

Presence of protein-energy malnutrition, which is associated with increased morbidity and 

mortality, has long been recognized in a large proportion of maintenance hemodialysis 

patients.7 Dietitian counseling can potentially improve nutrition for patients with CKD 

through recommendations for adequate protein and caloric intake and nutritional 

supplements as needed, resulting in better nourishment in the incident dialysis population. In 

addition, dietitian care can influence outcomes for patients with kidney disease by managing 

hyperphosphatemia and hyperkalemia, two other CKD complications associated with poor 

outcomes. A small cohort of CKD patients with estimated GFR less than 25 mL/min/1.73 

m2 received nutritional counseling from a renal dietitian on at least three occasions over six 

months; patients were counseled on dietary intake of 0.8 to 1 g/kg/day protein intake and 

energy intake to achieve BMI of 20 to 25 kg/m2, and dietary supplements were prescribed if 

needed. Following the intervention, none of the patients showed decline; two patients 

showed improvement on the Subjective Global Assessment Scale, and all maintained stable 

weight, biochemical markers, and anthropometric measures, factors expected to worsen 

based on historic controls and review of the literature.8 A retrospective study of maintenance 

hemodialysis patients showed that when renal dieticians implemented standardized nutrition 

guidelines, there was a decrease in the proportion of patients with malnutrition as measured 

by the Subjective Global Assessment Scale (from 14% at baseline to 3% after two years), 

increased dietary energy and protein intake, decreased serum phosphate, and stable serum 

albumin, potassium, and dry weight.9 More frequent contact with a dietitian might also be 

more beneficial for patients with kidney disease.10 Unfortunately, studies that address this 

question have been small and retrospective.

Dietitian care can influence patient outcomes by improving biomarkers known to be 

associated with morbidity and mortality in patients with kidney disease. We found that 

predialysis dietitian care was independently associated in a graded manner with a higher 

likelihood of normoalbuminemia at dialysis initiation. Hypoalbuminemia is strongly 

associated with mortality in hemodialysis patients; in a seminal retrospective study of 

13,473 dialysis patients, the odds ratios (95% CI) for death were 1.48 (1.37–1.59) for serum 

albumin concentrations of 3.5 to 3.9 g/dL, 3.13 (2.87–3.41) for concentrations of 3.0 to 3.4 

g/dL, 7.08 (6.12–8.19) for concentrations of 2.5 to 2.9 g/dL, and 12.8 (9.62–16.97) for 

serum albumin < 2.5 gm/dL after adjustment for age, sex, race, and cause of ESRD.11 

Although serum albumin has traditionally been used as a marker of nutrition, its value as an 

index of nutrition has more recently been questioned because of the association of 

hypoalbuminemia with inflammation and illness.12
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Results of randomized controlled trials that tested the effect of nutritional supplements and 

dietary counseling on serum albumin in patients with CKD have been inconsistent, but most 

favor counseling to dietary supplements.13–15 The largest trial of nutritional interventions in 

those receiving hemodialysis (n = 180), randomized patients with low albumin to 

intervention that involved identifying specific nutritional barriers and addressing those 

barriers, compared with usual care. Barriers comprised limited knowledge, poor appetite, 

lack of needed help with shopping or cooking, suboptimal fluid intake, inadequate dialysis 

dose, depression, trouble chewing or swallowing, gastrointestinal symptoms, and acidosis. 

After 12 months, albumin levels increased more for patients who received the intervention 

than for control patients (+0.21 versus +0.06 g/dL; P < 0.01), as did energy intake (+4.1 

versus −0.6 kcal/d/kg; P < 0.001) and protein intake (+0.13 versus −0.06 g/d/kg; P < 0.001). 

The intervention appeared to be specifically effective for barriers related to poor nutritional 

knowledge.15 Results of these studies support an important role of dietary counseling in 

maintaining nutritional health in patients with kidney disease. Despite this indirect evidence, 

no randomized controlled trials to date have tested the hypothesis that dietitian care 

improves clinical outcomes in patients with CKD.

Dietitian care also plays a role in the management of two other complications of CKD 

associated with poor outcomes: hyperphosphatemia and hyperkalemia. High serum 

phosphorus has been associated with increased all-cause and cardiovascular mortality in 

patients with kidney disease.16 Dietary education may be successful in improving 

phosphorus knowledge and control of hyperphosphatemia in dialysis patients.10;17;18 Prior 

research suggests that dietary counseling is an effective intervention for control of 

hyperphosphatemia, but unfortunately we lacked the data on parameters of bone 

metabolism, including phosphorus, at dialysis initiation to test the hypothesis that predialysis 

dietitian care is associated with lower phosphorus levels and better control of 

hyperparathyroidism at dialysis initiation.

We observed an independent association between longer predialysis dietitian care and lower 

mortality on dialysis among patients in the second tertile of propensity score, and there 

appeared to be an association among patients in the third tertile, albeit not at the level of 

significance. We found no evidence of an association among patients in the first tertile, but 

this tertile included few patients with predialysis nephrology care and few events, creating 

unstable estimates of effect size. One can speculate that dietitian care before dialysis 

initiation is most likely to alter outcomes for patients with more favorable functional and 

socio-demographic profiles, who are more likely to comply with dietary recommendations. 

Compared with the other tertiles, prevalence of inability to ambulate, inability to transfer, 

and need for help with activities with daily living was higher for patients in the first tertile of 

propensity score for dietitian care, and more of these patients were institutionalized and 

fewer were employed.

Validation revealed low sensitivity but adequate specificity of Medical Evidence Report 

answers by providers compared with Medicare claims data. This finding should be taken 

with caution because our “gold standard,” Medicare claims for dietitian care, might have its 

own limitations; dietary education can be obtained during hospitalizations and as part of 

multidisciplinary renal education sessions, and this will not be reflected in outpatient 
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Medicare claims. However, low sensitivity of dietitian care as determined by Medical 

Evidence Report answers might have resulted in our study being under-powered.

This study, performed in a large national cohort of incident dialysis patients, is the first 

epidemiologic study to test the hypothesis that predialysis dietitian care is associated with 

improved outcomes in patients with CKD. Despite its strengths, the study has several 

additional limitations. Information on dietitian care, as reported by patients’ physicians on 

the Medical Evidence Report (form CMS-2728) was missing from 18.6% of forms. 

Information on content of care and number of interactions is also not available. Because our 

cohort included only incident dialysis patients, we were unable to evaluate an association 

between dietitian care and progression of CKD. Given the observational design of our study, 

we cannot eliminate the possibility of residual confounding. Randomized controlled trials of 

predialysis dietitian care are warranted to evaluate the effectiveness of dietary counseling in 

improving clinical outcomes. Until such trials are conducted, the question of independent 

benefit of dietitian care before dialysis initiation will remain.

In conclusion, this study suggests an independent association between dietitian care for 

longer than 12 months before dialysis initiation and lower mortality during the first year of 

dialysis. Further research that explores the association between duration, frequency, and 

content of dietitian care in CKD and outcomes, and ways to make dietary counseling part of 

routine pre-ESRD care, is urgently needed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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