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Abstract

Objective—Hemodialysis (HD) patients have high protein and energy requirements, and protein-

energy wasting is common and associated with poor outcomes. Eating during dialysis may 

improve nutritional status by counteracting the catabolic effects of hemodialysis treatment; but, 

eating during HD may be discouraged due to concerns of postprandial hypotension. However, little 

data is available to support this practice. In this study, we hypothesized that high protein meals 

during HD does not lead to symptomatic intradialytic hypotension events.
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Design—A 9-week, non-randomized, parallel-arm study.

Setting—A single in-center HD clinic.

Subjects—18 HD patients from two shifts completed the study. Patients were 62±16 years-old in 

age with dialysis vintage 3.4±2.6 years.

Intervention—The intervention group (n=9) received meals of ~30g protein and ~1/3 daily 

recommended intakes of sodium, potassium, phosphorus, and fluid for hemodialysis patients 

during dialysis for 25 consecutive HD sessions. The control group (n=9) completed all aspects of 

the study including a visit by study personnel but were not given meals. The 25 consecutive 

sessions prior to the start of the intervention/control phase were used as a baseline comparison for 

each patient.

Main Outcome Measure—Symptomatic hypotension event frequency.

Results—In the intervention arm, there were 19 symptomatic hypotension events in 5 patients 

pre-study and 18 events in 6 patients during the study. In the control arm, there were 16 events in 7 

patients pre-study and 13 events in 7 patients during the study. Change in the frequency of 

symptomatic hypotension events from pre-study to during study was not different between groups 

(P=0.71). There was no effect of meals on nutritional status, but patients reported positive attitudes 

towards receiving meals during dialysis.

Conclusion—High-protein meals during HD did not increase symptomatic hypotension events. 

Larger, longer-term studies are needed to confirm these results and evaluate whether high-protein 

meals on dialysis benefit nutritional status and clinical outcomes.
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Introduction

End stage renal disease (ESRD) is a major public health concern in the United States (US).1 

Most ESRD patients undergo hemodialysis (HD) as treatment and these patients have 

increased protein (1.2 g/kg/day) and energy (30–35 kcal/kg/day) requirements but also diets 

restricted in phosphorus, sodium, potassium, and/or fluid.2–4 These dietary restrictions make 

it difficult for patients to meet their energy and protein requirements, a problem which may 

be compounded by a multitude of other issues including post-dialysis fatigue, nausea and 

vomiting, poor appetite, dysgeusia, lack of dietary knowledge, or lack of access to food. 

Thus, the average protein and energy intake of HD patients are estimated to be below 

requirements at 0.8–1.0 g/kg/d and 20–25 kcal/kg/d, and protein-energy wasting (PEW) is 

commonly observed in this population.5–9 Additionally, Burrowes et al.10 found that HD 

patients have significantly lower dietary energy and protein intake on dialysis treatment days 

compared to non-dialysis treatment days, which contributes to PEW along with the catabolic 

effects of the dialysis treatment and disease itself. This is concerning because PEW is 

associated with diminished quality of life and increased mortality rate.11
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One intervention that has gained recent interest and support is providing nutrition through 

food or supplements during HD sessions.4,6,12,13 A recently published consensus statement 

from the International Society of Renal Nutrition and Metabolism,14 cites the need for larger 

randomized controlled trials, but suggests that providing nutrition during hemodialysis may 

be beneficial in patients without contraindications. In many industrialized countries 

including most European and Southeast Asian countries, eating food and/or providing 

nutritional supplements during dialysis treatment is allowed and often encouraged and there 

is evidence to suggest that these practices are associated with improved dietary intake, 

nutritional status, and survival.6,15 Protein turnover studies have shown that intradialytic 

nutrition provided via small meals,16 parenteral nutrition,17 or oral nutritional supplements18 

counteracts the catabolic effects of HD treatment. Struijk-Wielinga et al.19 found that 

providing high protein meals to HD patients during dialysis improved intakes of both protein 

and energy. Further, Rhee et al.20 showed greater improvements in serum albumin while 

maintaining serum phosphate levels between 3.5–5.5 mg/dL in HD patients given high-

protein meals with a phosphate binder for eight weeks during dialysis compared with 

patients provided low protein meals and no phosphate binder. Additionally, retrospective 

analyses from three major HD providers have found improved survival in malnourished 

patients receiving intradialyic oral nutrition supplementation.15,21,22

Despite the potential benefits to quality of life and clinical outcomes in HD patients, eating 

during HD is commonly prohibited or discouraged in US dialysis centers due to a variety of 

perceived health risks, particularly concern over increased intradialytic postprandial 

hypotension.12,23–25 Patients with intradialytic hypotension may experience an abrupt fall in 

blood pressure, symptoms such as cramping, headaches, nausea, and vomiting, and require 

medical intervention such as decreasing temperature of dialysate, saline infusion and 

discontinuation of ultrafiltration which reduces the effectiveness of the dialysis session.2 The 

prevalence of intradialytic hypotension ranges from 5 to 40% and early small studies suggest 

that eating during HD increases the incidence of hypotension in HD patients.26–29 In a study 

of nine HD patients, Sherman et al.28 showed that patients had greater incidence of 

symptomatic hypotension during dialysis sessions when they were given meals versus 

sessions where they were fasted. Similarly, Zoccali et al.29 showed an accelerated fall in 

blood pressure (BP) in a study of 13 patients and increased incidence of symptomatic 

hypotension in patients given snacks during treatment. However, these studies had 

differences in treatment parameters and meal composition that may have increased the 

likelihood of incidence of symptomatic hypotension.30,31 Due to the relative paucity of 

studies investigating effects of meals given during dialysis, we conducted a pilot study to 

evaluate the effect of high-protein meals provided during dialysis to HD patients on the 

primary outcome of frequency of symptomatic hypotensive events and secondary outcomes 

related to nutritional status, quality of life, and acceptability of meals during dialysis.

Methods

Study Design

This was a pilot/feasibility study of non-randomized, parallel-arm design. A convenience 

sample of 19 maintenance HD patients at a local dialysis center (U.S. Renal Care, Lafayette, 
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IN) were recruited and enrolled in this study. The inclusion criteria were: 1) any gender; 2) 

any race; 3) age 18 years or older; and 4) receiving maintenance HD. The exclusion criteria 

were: NPO requiring exclusive tube feeding or parenteral feeding, or dysphagia that could 

not be accommodated by texture modification of the meals (no enrolled patients required 

texture modification due to dysphagia). Patients were not selected for on the basis of serum 

albumin levels, PEW, or proneness to intradialytic hypotension. Monday, Wednesday, Friday 

second shift patients (N=10) were allocated to receive high-protein, renal-appropriate meals 

during dialysis session. Tuesday, Thursday, Saturday second shift patients (N=9) were 

allocated to be in the control group, and were asked to participate in all aspects of the study 

protocol, excluding meals, including an “attention” control. Data collection on blood 

pressure (BP) and pre- and post-dialysis weight in kilograms (kg) included 25 consecutive 

dialysis sessions of retrospective medical record data immediately prior to the beginning of 

the study and 25 consecutive dialysis sessions during the intervention/control study period. 

The study protocol was approved by the Purdue University Institutional Review Board, and 

U.S. Renal Care approved of the study to be conducted in its center.

Meal Intervention

Meals were given approximately one hour after the start of the dialysis session. These were 

lunch meals as determined by the shift time. Several meal options with consistent nutrient 

content were designed by a research dietitian and were available for patients to choose from 

based on personal preferences. These included (main items): tuna bowtie salad, chicken 

salad plate, beef wrap with potato salad, chicken breast sandwich, turkey salad, chicken 

salad sandwich, vegan bowtie salad, and chicken lettuce salad. The target nutrient levels for 

the meals compared with KDOQI guidelines are shown in Table 1.

Starting Wednesday of the first week of the intervention, patients in the intervention group 

received lunch during the dialysis session. Study staff recorded the time when meal was 

delivered and returned along with the amount of food consumed using subjective assessment 

in percentage (0, 10, 25, 50, 75, 90, and 100%). Subjects in the control group were also 

visited each day, greeted by a study volunteer and given a small treat of hard candies, as an 

“attention” control.

Symptomatic Hypotensive Events and Other Blood Pressure Outcomes

BP measurements were recorded automatically every 30 minutes as part of routine care 

during the dialysis session. The primary outcome was symptomatic hypotensive events. A 

study physician (nephrologist) reviewed blood pressures of each dialysis run after 

completion of the study. A systolic BP drop of more than 20 mm of Hg from the start of 

dialysis was defined as numerical BP decrease.32 Each time a numerical decrease was 

detected, the physician determined if there were instances of any of the following to 

categorize whether or not that dialysis run was associated with a “symptomatic hypotensive” 

event: 1) a temporary or permanent stop in ultrafiltration 2) subject complaints of 

lightheadedness, nausea, dizziness or cramping, 3) cessation of the dialysis treatment itself 

or 4) administration of intravenous saline in an effort to increase blood pressure. 

Additionally, SBP and mean arterial pressure (MAP) were analyzed over the course of each 

treatment. From these values the average highest systolic blood pressure (SBP), average 
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lowest SBP, maximum value of the highest SBP, and minimum value of the lowest SBP out 

of 25 dialysis sessions were determined from data collected from the dialysis treatment 

records. MAP from the lowest and highest BP for each patient during each dialysis session 

were calculated using the equation: SBP+(2 × DBP)
3 . Body weight was measured as part of 

routine care pre- and post-dialysis and recorded in the medical record by dialysis staff. 

Interdialytic weight gain (IDWG) was calculated as the weight gained from the end of the 

previous dialysis session to the beginning of the next dialysis session.

Biochemical Measurements

Monthly routine renal laboratory tests, which include serum albumin, blood urea nitrogen, 

serum creatinine, glucose, serum calcium, potassium, sodium, phosphate, chloride, and 

carbon dioxide, were drawn on either Wednesday or Thursday of the first week of the month 

depending on the patient’s shift. Adjusted calcium in mg/d was automatically calculated 

using this equation: [0.8 × (4.0 − patient's albumin (g/dL))] + serum calcium (mg/dL), if 

patient’s serum albumin level was below 4.0 g/dL. Glucose was only included in the 

monthly routine renal laboratory tests if a patient had diabetes. The monthly laboratory tests 

prior to the beginning of the study which served as baseline, laboratory tests closest to 

midpoint of study (week 4), and closest to the end of study (week 9) were used and the 

routine laboratory data was obtained from the electronic medical record.

Patient Attitudes and Perceptions Regarding Nutrition and Meals on Dialysis

An End-of-Study Questionnaire was administered at week 9 to assess patients’ attitudes and 

perceptions of nutrition and receiving meals on dialysis. When patients were asked question 

1: “how easy do you feel it is for you to eat nutritiously or follow a renal diet?”, they were 

asked to rate their response using a 5-point Likert scale where 1=very difficult, 2=somewhat 

difficult, 3=neither difficult nor easy, 4=somewhat easy, and 5=very easy. When patients 

were asked question 2 and 3: “how interested would you be in receiving nutritious meals 

during dialysis?” and “how interested would you be in a meal delivery service (to your 

home)?”, they were asked to rate their response using a 5-point Likert scale where 1=not at 

all interested, 2=somewhat disinterested, 3=neither interested nor disinterested, 4=somewhat 

interested, and 5=very interested. For question 4: “how important are price, taste, 

convenience, and nutrition for you in deciding what to eat?”, patients were asked to rate their 

response using a 5-point Likert scale where 1=very unimportant, 2=somewhat unimportant, 

3=neither important nor unimportant, 4=somewhat important, and 5=very important.

Statistical Analysis

Study data were collected and managed using REDCap electronic data capture tools hosted 

at the Indiana Clinical and Translational Science Institute.33 Statistical Analysis Software 

(SAS), version 9.3 (SAS Institute Inc. Cary, NC) was used to perform all statistical testing. 

The difference in the frequency of symptomatic hypotension events within groups for 2-

month pre-study and during study (25 dialysis sessions each), was determined by Wilcoxon 

signed-rank test, and between group differences were determined by Wilcoxon rank-sum 

test. Other outcomes were assessed using repeated measures ANOVA with fixed effects for 
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group, time, and group × time interaction. These analyses were limited to BP measurements 

that occurred in the first 240 minutes of treatment. Significance was set at α = 0.05.

Results

Baseline Results and Patient Demographics

One patient in the intervention arm withdrew from the study due to discontinuation of 

dialysis. Thus, nine patients per group completed the study and are included in the analyses. 

Patients were 62 ± 16 years old, 55% female, and had been on dialysis for 3.4 ± 2.6 years; 

baseline characteristics between the two study arms were generally similar, but those in the 

intervention group tended to be older with evidence of lower protein intake (evidenced by 

lower nPCR, BUN, and phosphate and higher carbon dioxide) (Table 2). Mean serum 

albumin was similar between groups (3.8 g/dL (range: 3.0–4.3 g/dL) and 3.9 g/dL (range: 

3.7–4.5 g/dL) in the intervention and control groups, respectively; median 3.8 g/dL for both 

groups). Only three patients in each group were below the median (intervention group: n=1, 

3.0 g/dL; n = 2, 3.6 g/dL; control group: n = 3, 3.7 g/dL). All other patients were at or above 

the median of 3.8 g/dL at baseline. Thus the majority of the sample were relatively adequate 

for serum albumin at baseline. A total of ten patients were hospitalized throughout the study 

(N=5 in each group) and reported to the IRB, but the reasons for hospitalization were 

deemed unrelated to patients’ participation in the study. The meals were generally well 

tolerated. Out of the 25 meals, mild symptoms included one patient in the intervention group 

who reported nausea and vomiting before three separate dialysis sessions, which led them to 

decline meals twice. One patient vomited during a meal reportedly due to illness, and 

another patient vomited during a meal reportedly due to the consistency of the food. The 

average nutrient content of all meals provided are shown in Table 1. This includes calories 

from beverages provided during the meal. Overall, nutrient content of the meals was within 

the targeted values. For meal consumption, at least 50% and 75% of the main items were 

consumed in 79% and 63% of 225 meals provided, respectively.

Symptomatic Hypotensive Events and Secondary Blood Pressure Outcomes

In the intervention group, there were 19 symptomatic hypotension events in 5 patients over 

25 dialysis sessions per patient in the pre-study period and 18 symptomatic hypotension 

events in 6 patients over 25 dialysis sessions per patient during the study period. The 

difference in symptomatic hypotension event frequency from pre-study to during study in 

the intervention group was not statistically significant (P=0.89)(Table 3). In the control 

group, there were 16 symptomatic hypotension events in 7 patients pre-study and 13 

symptomatic hypotension in 7 patients during study. The difference in symptomatic 

hypotension event frequency from pre-study to during study in the control group was not 

statistically significant (P=0.71)(Table 3). Change in the frequency of symptomatic 

hypotension events from pre-study to during study was not different between the 

intervention and control groups (P=0.56). Two subjects in the intervention group stand out as 

having different symptomatic hypotensive events pre- versus during study: Subject 2 had 7 

events pre-study and 0 during study, and Subject 6 had 0 events pre-study and 5 during 

study. For subject 2, this decline in events was also accompanied by lower average IDWG 

(1.1 kg pre-study and 0.6 kg during study). For subject 6, this increase in events may be 

Choi et al. Page 6

J Ren Nutr. Author manuscript; available in PMC 2020 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



related to meals, but there was no consistent pattern of when these events occurred in 

relation to when the meal was eaten.

There was no difference in the change in SBP or MAP between the 25 pre-treatment and 25 

treatments in which patients received meals (p>0.05 for all). However, there was a main 

effect of time for all (p<0.05). When comparing the 25 sessions in which patients received 

meals to the 25 active control sessions in the control group there was similarly no difference 

in the change in BP (p>0.05 for all) and a main effect of time (p<0.05). However, there was 

a main effect of group for SBP (p=0.013) and MAP (p=0.037, Figure 1). Furthermore, there 

were no significant interactions for other significant measures of SBP and MAP such as the 

lowest and highest treatment BPs (Table S1).

Biochemical Outcomes

Several significant group or time effects were observed for biochemical measures, but the 

absence of any significant group × time interactions indicate a lack of intervention effect 

(Table 4).

Pre-Dialysis Weight, Post-Dialysis Weight, and Intradialytic Weight Gain

Significant group differences were observed for pre-dialysis weight and post-dialysis weight, 

where the control group patients weighed less for both measures compared with the 

intervention group patients (Table 4). However, there was no group × time interaction, 

indicating no effect of intervention. There were no significant group, time, or interaction 

effects for IDWG from baseline, mid-study, to end-of-study (Table 4). However, paired t-

tests comparing the average IDWG from the 25 pre-study dialysis sessions and 25 during 

study dialysis sessions in the same patients revealed a significant difference for the 

intervention (P=0.016). The intervention arm had lower average IDWG during study 

(1.8±0.9 kg) compared with pre-study (2.6±1.5 kg) while the control group had no 

difference in average IDWG pre-study versus during study (2.3±1.2 kg and 2.3±1.6 kg, 

respectively).

Dialysis Attendance

In the intervention group, the mean number of absences was 3.1±5.2 sessions in the pre-

study period and 0.9±1.1 sessions during study. In the control group, the mean number of 

absences was 1.3±1.6 sessions in the pre-study period and 1.8±2.6 sessions during study. 

The difference in the number of absence from pre-study to during study was not statistically 

significant (P=0.25). Overall, providing high-protein meals during dialysis did not 

significantly affect the number of absences (P=0.38) as a significant change in absences was 

also not observed in the control group (P=0.69).

Patient Attitudes and Perceptions Regarding Nutrition and Meals on Dialysis

Seventeen patients completed the End-of-Study Questionnaire (one patient in the 

intervention arm declined to complete it). Overall, patients in both arms reported positive 

attitudes toward receiving nutritious meals during dialysis and no differences in responses 

were found between arms (Figure 2). When patients were asked “how easy do you feel it is 

for you to eat nutritiously or follow a renal diet?”, only 35% responded with “somewhat 
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easy” or “very easy”. When patients were asked “how interested would you be in receiving 

nutritious meals during dialysis?”, 71% responded with “somewhat interested” or “very 

interested”. When patients were asked “how interested would you be in a meal delivery 

service (to your home)”, 47% responded with “somewhat interested” or “very interested”. 

Taste, convenience, price, and nutrition of meals were rated as somewhat to very important 

factors by 88%, 76%, 65%, and 78% of patients, respectively.

Discussion

PEW is related to increased mortality in HD patients.11 To avoid PEW and its related 

consequences, meeting nutrient recommendations set by KDOQI may be beneficial. Studies 

suggest that providing either oral nutritional supplements or renal-appropriate meals during 

dialysis may be effective at helping HD patients to meet nutrient needs, but some studies 

question the safety of this approach related primarily to postprandial hypotension.28,34 

Therefore, our study investigated the effect of high-protein, renal-appropriate meals given 

during dialysis in HD patients on blood pressure outcomes. We hypothesized that patients in 

the intervention group, who received high-protein, renal-appropriate meals during dialysis 

would 1) not have increased number of symptomatic hypotension events on dialysis, and 2) 

have better nutritional status, electrolyte balance, dialysis attendance, and fluid control 

compared with the control group. Our results support our main hypothesis that providing 

high-protein meals during dialysis does not affect the frequency of symptomatic hypotension 

events in HD patients. Further, neither arm had any significant difference in SBP or MAP 

during the study compared with the pre-study period. There were, however, overall group 

differences in BP measures: the control group had significantly higher BP than the 

intervention group. But, the patients who participated in our study appeared to be relatively 

hemodynamically stable as indicated by symptomatic hypotension present in only about 8% 

of treatments during the 25 dialysis sessions pre-study in all patients (35 out of 450 

treatments).

In contrast to our findings, Sherman et al.28 conducted a study observing the effect of 

standard meals (two slices of white bread, two ounces of low sodium turkey breast, one 

teaspoon of regular mayonnaise, a slice of pound cake, and four ounces of cranberry juice 

cocktail) given during dialysis on BP and symptomatic hypotension of nondiabetic HD 

patients. They found an increased frequency of symptomatic hypotension events with meals: 

2 out of 63 sessions during control compared with 13 out of 62 sessions with feeding, and in 

1 out of 9 patients during control and 5 out of 9 patients during feeding. Similarly, Zoccali et 

al.29 found an increase in symptomatic hypotension requiring saline solution (23 treatments 

in 10 patients) when patients were served a large snack, which was composed of white 

bread, sirloin steak, and water or fruit juice, as compared to standard treatment (12 

treatments in 6 patients) (P<0.025).

One explanation for the differences in symptoms between our trial and previous trials are 

differences in postprandial hemodynamics. Both Sherman and Zoccali found reductions in 

BP following a meal during HD.28,29 However, previous trials have found mixed results 

related to this practice with some trials finding a reduction28,29,35–37 and others finding no 

reduction in BP following eating during HD.38–40 Although our study was not powered to 
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find differences in BP, our findings appear to support the latter group of trials as we found 

no difference in the change in BP following a high-protein meal consumed during HD. 

Many factors may explain the equivocal findings of these studies including patient selection 

(e.g., underlying cardiovascular function, hemodynamic stability, etc.), treatment factors 

(e.g., ultrafiltration, dialysate composition (including many early studies utilizing acetate 

dialysate and non high-flux dialyzers), dialysate temperature, etc.), and meal composition 

(e.g., meal size, temperature, and frequent inclusion of simple carbohydrates in meals, etc.).
25–27,30,41–43 Given the discrepancy in hemodynamic findings between studies, additional 

studies with larger sample size and longer duration may be necessary to more definitively 

assess the effect of meals on dialysis on BP in HD patients. Furthermore, future studies 

should investigate patient, treatment, and meal factors that might influence the safety and 

effectiveness of this practice.

Serum albumin did not change over time in either the intervention or control group. 

However, average baseline values were ~3.8 g/dL, indicating this group of patients were not 

at a threshold baseline level where an effect of intervention might be achievable. 

Additionally, inflammation markers were not available, which would be valuable 

information in interpreting albumin, a negative acute-phase protein. Tomayko et al.44 

showed no significant effect of a high protein oral nutrition supplement on serum C-reactive 

protein nor serum albumin, but showed reduced serum interleukin-6 and improved physical 

function with supplementation. Future studies should consider 1) patients’ baseline serum 

albumin level, as higher level may attenuate the potential effect of high-protein meals, 2) the 

presence of inflammation, and 3) move beyond the flawed nutritional markers of serum 

albumin and transthyretin (prealbumin) to more direct assessments of nutritional status such 

as nutrition-focused physical exam.45

Overall, no improvements with the intervention in renal laboratory values and dialysis 

attendance were found throughout the study. There was a significant decrease in IDWG in 

the intervention group during the study compared with pre-study, but not when comparing 

study baseline to mid-point or end-of-study. Because these two approaches to analyzing the 

IDWG data produced different results, these data should be interpreted with caution. If 

IDWG was truly decreased by the meal intervention, this may indicate patients given meals 

during dialysis maintained better dietary compliance particularly in regard to sodium and 

fluid intake or glycemic control. However, this hypothesis requires further confirmation.

There are limitations to this study due to its study design as a pilot/feasibility study. First, 

the small sample size of patients with relatively high baseline serum albumin levels likely 

limited our ability to examine the effects of high-protein meals during dialysis on nutritional 

status. Indeed, others have shown significant improvements in serum albumin with 

intradialytic nutrition in a similar length of time with the same amount46 or even less47 

protein provided when patients had lower serum albumin levels at baseline. A newly 

published48 retrospective analysis of a pilot program that provided intradialytic oral 

nutritional supplements to in-center hemodialysis patients with baseline serum albumin ≤ 3.5 

g/dL at 408 dialysis centers in the US showed that supplements were associated with 

improved survival after 8 months, improved dialysis session attendance, and nutritional 

markers of nPCR and postydialysis body weight. However, the supplemented patients 

Choi et al. Page 9

J Ren Nutr. Author manuscript; available in PMC 2020 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



actually had significantly lower serum albumin compared to the controls, but the authors 

note that this may have been due to survivor bias.

Baseline characteristics of patients in our study were also not evenly distributed due to the 

non-randomized study design. Particularly, the intervention group had lower baseline BP 

measures, BUN, nPCR, and phosphate, and higher carbon dioxide, though some of these did 

not reach statistical significance with the small group sizes. The intervention group also 

tended to be older. Thus, future studies to assess the efficacy of high-protein meals for 

improvement of nutritional status are needed, should be randomized-controlled, of larger 

sample size, and should select for patients with sufficiently low baseline serum albumin 

levels. Despite these limitations, this study had several strengths. These included the 

collection of data over 25 dialysis sessions in each patient during the study, and 25 pre-study 

dialysis sessions in each patient for baseline comparison; provision of nutritionally-adequate 

high-protein meals designed to meet KDOQI nutrient guidelines; and an assessment of 

patient attitudes towards receiving meals during HD.

Practical Application

These pilot data suggest that meals during HD do not increase the frequency of symptomatic 

hypotension events. Additionally, patients generally had positive attitudes towards receiving 

meals and such meals could help educate patients about appropriate food selection. 

However, changes in nutritional status indicators were not observed. Larger, longer-term, 

randomized-controlled studies, with patients selected for hypoalbuminemia at baseline are 

needed to confirm these results along with effects on nutritional and clinical outcomes in HD 

patients. Nevertheless, our data do not support the current practice of restricting eating meals 

during HD. Our conclusions are in agreement with the new consensus statement on eating 

during HD from the International Society of Renal Nutrition and Metabolism.14

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Blood pressure over treatment time
Changes in mean arterial blood pressure during standard hemodialysis (open circles) and 

standard hemodialysis in which patients consumed high protein meals (closed circles). No 

significant interactions between groups (p>0.05). However, main effect of time and group 

(p<0.05). Abbreviations: mm, millimeters, Hg, mercury.
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Figure 2. Patient Attitudes on Nutrition and Meals during Dialysis at the End of the 9-Week 
Study
Error bars represent SEM. P-values are for differences between groups. Q1 = “how easy do 

you feel it is for you to eat nutritiously or follow a renal diet?”; Q2 = “how interested would 

you be in receiving nutritious meals during dialysis?”; Q3 = “how interested would you be in 

a meal delivery service (to your home); “How important is price/taste/convenience/nutrition.

Choi et al. Page 15

J Ren Nutr. Author manuscript; available in PMC 2020 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Choi et al. Page 16

Table 1

Meal Targeted and Actual Nutrient Content, Compared with KDOQI Guidelines

Nutrient KDOQI
Guidelines2

Targeted Meal
Content

Actual
Content ± SD

Kcal from
Macronutrients

(% of Total
Kilocalories)

Energy (kcal) 35 kcal/kg/d 800 (~1/3 daily requirement) 715± 34 -

Protein (g) 1.2 g/kg/d 30 30 ± 1 119 (16.5%)

Fat (g) - - 31 ± 8 278 (39 %)

Carbohydrate (g) - - 81 ± 21 323 (45%)

Sodium (mg) 2000–3000 mg/d <600–700 620 ± 84 -

Potassium (mg) 2000–3000 mg/d <600–700 595 ± 93 -

Phosphorus (mg) 800–1000 mg/d <250–350 312 ± 32 -

Fluid (mL) Fluid output + 1000 mL/d 240 240 -
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Table 2

Baseline Characteristics of Participants†

Intervention
Group (N=9)

Control Group
(N=9)

P-value

Age (Years) 66.8 ± 11.4 58.1 ± 19.2 0.26

Female (#/total) 5/9 5/9 -

Pre-Dialysis Weight (kg) 87 ± 21 85 ± 22 0.86

Post-Dialysis Weight kg) 85 ± 21 83 ± 22 0.83

IDWG (kg) 1.3 ± 2.0 1.4 ± 3.1 0.89

BMI (kg/m2) 32.2 ± 10.2 31.1 ± 8.0 0.47

BMI Categories (#)

  Underweight 0 1 -

  Healthy 2 1 -

  Overweight 2 1 -

  Obese Class I 2 4 -

  Obese Class II 3 2 -

Etiology (#)

  Diabetes 4 5 -

  Hypertension 1 1 -

  Others 2 1 -

  Unspecified 2 2 -

Time on Dialysis (Years) 3.1 ± 2.0 3.6 ± 3.3 0.68

eGFR (mL/min/1.73m2) 7.9 ± 2.9 8.1 ± 3.7 0.89

Kt/V 1.56 ± 0.28 1.64 ± 0.19 0.54

nPCR (g/kg) 0.92 ± 0.24 1.15 ± 0.29 0.09

Adjusted Calcium (mg/dL) 9.14 ± 0.53 9.43 ± 0.82 0.39

Albumin (g/dL) 3.8 ± 0.3 3.9 ± 0.3 0.259

BUN (mg/dL) 45 ± 14 61 ± 16 0.032*

Carbon Dioxide (mEq/L) 27 ± 2 25 ± 1 0.044*

Chloride (mEq/L) 99 ± 2 99 ± 2 0.55

Creatinine (mg/dL) 6.7 ± 1.4 7.3 ± 3.1 0.59

Iron Saturation (%) 30 ± 13 27 ± 12 0.67
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Intervention
Group (N=9)

Control Group
(N=9)

P-value

Phosphate (mg/dL) 5.0 ± 1.0 6.7 ± 1.9 0.04*

Potassium (mEq/L) 4.4 ± 0.4 4.6 ± 0.6 0.40

Sodium (mEq/L) 139 ± 2 139 ± 2 0.84

TIBC (mcg/dL) 217 ± 23 237 ± 40 0.21

Total Iron (mcg/dL) 65 ± 30 66 ± 38 0.96

Total Protein (g/dL) 6.7 ± 0.5 6.8 ± 0.6 0.69

†
Data are represented as mean ± standard deviation (SD).

BMI, body mass index; BUN, blood urea nitrogen; IDWG: intradialytic weight gain; eGFR, estimated glomerular filtration rate; nPCR, normalized 
protein catabolic rate; TIBC, total iron binding capacity.

*
P < 0.05.
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Table 3

Number of Symptomatic Hypotension Events by Group

Intervention Group

Subject Pre-Study (Out of 25 sessions per patient) During Study (Out of 25 sessions per patient) Change

1 5 3 −2

2 7 0 −7

3 2 1 −1

4 0 1 1

5 1 3 2

6 0 5 5

7 0 0 0

8 0 0 0

9 4 5 1

Total 19 18† −1‡

Control Group

Subject Pre-Study (Out of 25 sessions per patient) During Study (Out of 25 sessions per patient) Change

10 1 2 1

11 1 1 0

12 0 1 1

13 4 3 −1

14 3 1 −2

15 2 3 1

16 1 0 −1

17 4 2 −2

18 0 0 0

Total 16 13† −3‡

†
The frequency (f) of symptomatic hypotension events in the intervention group (f = 18) during study was not significantly different than during 

the pre-study period (f = 19) (P=0.89). The frequency of events in the control group during study (f = 13) was not significantly different than during 
the pre-study period (f = 16) (P=0.71).

‡
The change in frequency (Δf) from pre-study to during study was not significantly different between the intervention group (Δf = −1) and the 

control group (Δf = −3) (P=0.56).
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