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Rethinking the Restriction on Nutrition During
Hemodialysis Treatment
Brandon M. Kistler, MS, RD,* Peter J. Fitschen, MS,† T. Alp Ikizler, MD,‡

and Kenneth R. Wilund, PhD*,†

The annual mortality rate for patients undergoing maintenance hemodialysis (MHD) treatment in the United States is 20%, a rate higher

than most other countries in the world. Poor nutrition status in MHD patients contributes to this adverse outcome as well as poor quality

of life. Providing oral nutrition to MHD patients, especially during hemodialysis (HD) treatment has many potential benefits including im-

provements in nutrition status and attenuating HD-related muscle wasting. However, this practice is generally restricted in the United

States presumably because of concerns that include worsening hemodynamic instability, reductions in treatment efficiency, and

increased gastrointestinal symptoms. Despite widespread restrictions, few studies have adequately examined the effect of eating dur-

ing HD on these outcomes, leaving many questions unanswered. This review outlines the current evidence regarding the effects of

feeding during HD and provides potential future directions to outline the best practices in this controversial area.
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Introduction

THE ANNUAL MORTALITY rate for maintenance
hemodialysis (MHD) patients in the United States is

nearly 20%, a rate that is higher than nearly every other
industrialized country in the world.1 This disparity in mor-
tality rates has been attributed tomany factors including, but
not limited to, patient demographics and certain clinical
practices. With reference to the latter, an obvious difference
between hemodialysis (HD) treatment in the United States
and elsewhere is that patients in the United States are often
not allowed to eat while dialyzing. Providing nutrition dur-
ing dialysis has been shown to be effective in improving
whole-body protein balance and attenuating hemodialysis-
related inflammation without obvious metabolic complica-
tions.2,3 Recent data also suggest that intradialytic nutrition
supplementation is associated with better survival in MHD
patients.4,5

Despite its well-documented advantages, intradialytic
feeding is heavily restricted in the United States primarily
because of concerns that eating during HDmay exacerbate
hypotensive events during the treatment. Additionally,
reduced dialysis efficiency and exacerbation of gastrointes-
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tinal (GI) symptoms are also frequently cited as reasons to
restrict intake during HD (Table 1).6-8 These concerns,
however, may be somewhat exaggerated and could be
detrimental, as restricting nutrient consumption during
HD contributes to increased protein breakdown9,10 and
worsening nutritional status, further predisposing MHD
patients to increased risk of morbidity and mortality.11

Nutritional Status is an Important
Predictor of Outcomes in MHD Patients
HD, although life-saving, is a highly catabolic condition.

It is estimated that 18% to 75% of MHD patients may suffer
from protein–energy wasting (PEW).12 MHD patients can
lose between 1 and 3 kg of lean mass/year,13 leading to
significant reductions in physical function, fitness, and activ-
ity.14 This shift toward a frail phenotype with worsening
nutritional status is also associated with reduced quality of
life,15 increased hospitalizations,16 andmortality.17 The rela-
tionship between nutrition status and outcome is consistent
across a wide range of nutritional markers including
biochemical indicators,18-20 nutritional intake,21,22 and
nutritional reserve (fat and lean mass).11 These findings
suggest that nutrition status may be an appropriate target
to improve outcomes in this population.

Recommended Protein and Energy Intake
in MHD Patients

The Kidney Disease Outcomes Quality Initiative
guidelines recommend increased caloric and protein in-
takes (35 kcal/kg/day and 1.2 g/kg/day, respectively)
for MHD patients.23 These elevated intakes may be diffi-
cult for patients to reach because of a variety of barriers
including dietary restrictions, anorexia, and socioeco-
nomic limitations.24 Indeed, many patients fail to comply
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Table 1. Proposed Advantages and Disadvantages to
Intradialytic Nutrition

Proposed Advantages Proposed Disadvantages

Reduced mortality Postprandial hypotension
Improved nutritional status Reduction in efficiency

Patient adherence and

satisfaction

Gastrointestinal symptoms

Educational opportunity Hygiene
Improved blood glucose

control

Increased staff burden

Provide more appropriate
food choices

Financial constraints

Reduced inflammation Aspiration
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with these recommendations as evidenced by large clin-
ical trials, such as the Hemodialysis study, in which
cohorts were significantly below the Kidney Disease Out-
comes Quality Initiative guidelines.25 Furthermore,
research has shown that dietary intake is lower on treat-
ment days compared with nontreatment days. This is
especially true in patients who do not eat during their
treatment,25 suggesting that the intradialytic window
may be an important therapeutic target to improve
dietary nutrient intake.

Intradialytic Nutrition Improves
Nutritional Status

Allowing patients to eat or consume supplements during
HD treatment may be an effective strategy to increase
intake on treatment days and improve nutritional status (re-
viewed in a study by Kalantar-Zadeh et al.2,3). Providing
supplements high in protein during HD treatment has
been shown to improve net protein balance during a
single dialysis session.9,26,27 This practice may be
especially beneficial in patients with morning treatments,
as past research indicates MHD patients may be in a
severe catabolic state after an overnight fast.28 Additionally,
intradialytic supplementation programs have been shown
to improve nutritional reserve,29 subjective global assess-
ment,30 and biochemical indicators such as serum albumin
and prealbumin.31 These benefits of intradialytic nutrition
on nutritional status may help to explain the recent obser-
vation that intradialytic nutrition programs are associated
with significant reductions in mortality.4,5

Unfortunately, these recent observational studies have
largely examined the effects of nutritional supplementation
in patients whom already had evidence of PEW. Given the
important role of inadequate nutrient intake in the devel-
opment of PEW, prevention may provide greater benefit
rather than waiting to treat patients only after they develop
PEW. Additional studies are warranted to examine whether
supplementation programs could also prevent declines in
patients without signs of PEW. Indeed, intradialytic nutri-
tion may benefit patients without PEW in other ways such
as improved treatment compliance, educational opportu-
nities for dietitians, improved glucose/phosphorus control,
and the opportunity for clinics to provide more appropriate
food choices.3

Eating During Dialysis is Restricted in Most
US Clinics

Despite the benefits specific to providing intradialytic
nutrition, eating during HD has remained a topic of debate
for many years within the field of nephrology.6-8 Eating
during HD treatment is restricted in many clinics in the
United States despite being allowed or even encouraged
in many other countries. Surprisingly, very little research
has assessed many of the proposed risks of eating during
dialysis (Table 1). Instead, many of the concerns are based
on anecdotal evidence from clinical practice, which may
be subject to impact bias and should be investigated in
well-controlled trials. The following sections will highlight
the current state of evidence regarding the proposed risks of
eating during dialysis, with special attention given to effects
on blood pressure (BP) regulation and intradialytic hypo-
tension, as this is a primary reason cited for the eating
restrictions.

Intradialytic Hypotension: A Common
Complication of HD Treatment

Intradialytic hypotension (IDH) is the most common
adverse event during HD treatment, with an estimated
prevalence of 5% to 40% of all treatments.32-35 IDH may
be either symptomatic or asymptomatic. Symptomatic
IDH generally meets three criteria: (1) an abrupt fall in
BP; (2) symptoms such as cramping, headaches, nausea,
and vomiting; and (3) requires medical intervention.36

Symptomatic hypotension is a major concern because it is
both uncomfortable and dangerous for the patient. Often-
times, symptomatic hypotension requires the ultrafiltration
rate to be decreased or very rarely the treatment to be
stopped altogether. Interventions to treat symptomatic
IDH include administration of mannitol and saline, which
increase the osmolarity of the blood and expand plasma vol-
ume. These interventions, however, cause significant thirst
between treatments, contributing to high interdialytic fluid
gains that further increase the risk of IDH in the subsequent
HD treatment.37 Chronic fluid overload during the inter-
dialytic period and hypotension during treatment are
believed to contribute to a gradual impairment of cardiac
function.38 These factors may contribute to the strong rela-
tionship between IDH and poor outcomes in MHD
patients.39

Eating During Dialysis and Blood Pressure
There is a concern that eating during HDmay exacerbate

the decline in BP that typically occurs during treatment,
leading to greater incidence of IDH.40 Although eating is
typically not associated with a drop in BP in healthy young
adults,41 in certain populations such as those with insulin
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resistance, the aged, or those with autonomic dysfunction,
eating may result in a postprandial drop in BP.42 Epidemio-
logic studies have identified a number of risk factors that
may contribute to excessive drops in BP after eating
(reviewed in a study by Luciano et al.43). These factors
include excessive blood pooling in the splanchnic region,
reduced baroreflex function, inadequate sympathetic neural
drive, release of vasodilatory molecules during digestion,
and hypovolemia. Any of these factors may contribute to a
drop in BP after eating and are primary concerns for poten-
tial causes of IDH after intradialytic nutrition.

Studies Examining the Effect of Eating
During HD Treatment on BP and

Hemodynamics
Observational Studies
Two observational studies have reported on the associa-

tion between intradialytic eating, drinking, and BP. The
largest study was a retrospective chart review of habitual
intake and BP over three treatments in 126 stable MHD
patients.44 No correlation was found between oral intake
and any measure of BP. Furthermore, there was no differ-
ence in oral intake between days where IDH occurred or
did not occur (P5.93). In contrast, a second observational
study investigated the relationship between habitual
nutrient intake during MHD and IDH in 23 patients
over 166 total treatments.45 Although the overall incidence
of events was quite low (13 total mannitol events), hypoten-
sion (SBP , 90 mm Hg) occurred more often when
patients consumed more than 200 kcal during treatment
(P,.001), and the use of mannitol was higher in the group
that consumed greater than 200 mL of fluid (P , .014).
Despite these hemodynamic differences, there was no
difference in symptoms such as cramping. These equivocal
findings may be the result of many differences in method-
ology. Most notably, the latter investigation did not select
stable patients and may highlight that food intake is better
tolerated in those patients who are stable.

Interventional Studies
Numerous studies have examined the influence of eating

during HD treatment on hemodynamic stability (Table 2).
The suggestion that eating during MHD treatment results
in a significant reduction in BP was first put forward three
decades ago by Sherman et al.46 who studied nine nondia-
betic MHD patients prospectively over 125 dialysis treat-
ments. In half of these treatments (n 5 62), patients were
given a standard meal halfway through their dialysis treat-
ment. One year later, Zoccali et al.47 undertook a similar
study in 13 patients. Both of these studies found an acceler-
ation in the drop in BP, a transient reduction in BP, and an
increase in symptomatic hypotension in the time after the
meal. However, the applicability of these studies to current
treatment may be limited by differences in treatment pa-
rameters including dialysis membrane, dialysate, and the
use of acetate as a buffer, which has been shown to increase
the risk of developing hypotension.48

After this initial work demonstrating postprandial reduc-
tions in BP during HD treatment, work shifted toward
examining the mechanism for these changes. Given the
compounding influence of eating and ultrafiltration on
blood volume, hypovolemia has been a common target.
Sivalingam et al. gave 20 stable MHD patients a standard
meal 45 minutes into their HD treatment. The rate of
change in relative blood volume (RBV) increased in the
postprandial state compared with premeal values. These
changes coincided with a significant reduction in mean
arterial pressure (MAP) 30 minutes after food intake
(916 19 vs. 866 20mmHg, P5.04). Similarly, Shibagaki
et al. found a postprandial reduction in RBV preceding
changes in BP suggesting a possible role of RBVand hypo-
volemia in the postprandial drop in BP.49

The Shibagaki study also allowed a unique opportunity
to compare the effects of patient position on hemodynamic
response.49 Sixteen of 21 patients received a standard meal
during dialysis in the supine position and six in the seated
position (one received in both). RBV dropped less
in patients who were in the supine compared with the
seated position (seated 228.21 6 2.41 vs. supine
213.99 6 0.91%/hour). Similarly, systolic BP (SBP) and
diastolic BP (DBP) dropped compared with the premeal
values in patients who received the meal in the seated posi-
tion (152/85 to 143/79 mm Hg) but only DBP was
reduced in patients in the supine position (138/78 to
137/71 mm Hg). Although differences in RBVand BP in
patients in the supine position were minimal compared
with those in the seated position, this observation suggests
that reductions in venous return may play a role in the drop
in BP some patients experience after eating and warrants
further examination.
Barakat et al.50 further examined the mechanism behind

hemodynamic adaptations to food ingestion. To accom-
plish this, they maximized hypovolemic stress by distrib-
uting ultrafiltration over only the first 2 hours of
treatment; feeding a standard meal after the first hour.
Within this context, they found eating caused a significant
reduction in MAP as a result of reduced systemic vascular
resistance and lack of increase in cardiac output. These find-
ings supported a previous hypothesis that the drop in BP as a
result of intradialytic feeding was the result of increased
blood flow to the digestive system, lowering of peripheral
resistance, and lack of cardiac compensation.51 However,
these mechanistic studies also raise many important ques-
tions including the influence these adaptations have on cen-
tral BP, symptom development, and the influence of meal
or supplement composition on these hemodynamic
adaptations.
Finally, in recent years, two larger studies have emerged

examining the hemodynamic response to eating during
HD.52,53 Kara and Acikel fed 25 stable patients a standard



Table 2. The Effects of Oral Intake on Hemodynamic Variables in Patients Undergoing Hemodialysis

Reference Year N Country

Patient

Population Age Dialysis Intake Hemodynamics

Sherman
et al.46

1988 9 United
States

No diabetes,
diagnosed

neuropathy, or

orthostatic

hypotension

51 (range
30-69)

Bicarbonate/acetate
3 or 4 h treatment

Na 138-140 mEq/L

Flow 250-400 mL/min

White bread, turkey,
mayonnaise,

pound cake,

cranberry juice

YDBP, MAP
[SH

Zoccali

et al.47
1989 13 Italy No heart failure

Measured

autonomic
function

52 6 9 Acetate 38 mmol/L

UF rate 632-660 mL/h

Na 138 mmol/L

White bread, sirloin

steak (100 g),

water/fruit juice

[Rate of fall

SBP, DBP,

SH

Barakat

et al.50
1993 10 United

States

Not prone to

hypotension

58 6 4.5 Bicarbonate 35mEq/L

UF first 2 h only

Blood 250-350 mL/min
Na 135 mEq/L

Toast, hard-boiled

eggs, marmalade,

butter, fruit juice

YMAP, SVR

4 CO, HR, SH

Shibigaki and

Takaichi49
1998 21 Japan No orthostatic

hypotension

55.1 6 2.7 Bicarbonate/acetate

Na 140 mM

Standard meal

600 or 450 kcal,

20 g protein,
18 g fat

4SBP, DBP

YRBV

Miguelsanz

et al.54
2001 14 Spain N/A 60 (46-79) Bicarbonate

Blood 350-400 mL/min
Dialysate 500 mL/min

Free intake 4Hypotension,

cramps

Sivalingam

et al.65
2008 20 United

Kingdom

Stable

No symptomatic

CVD, b-blockers
and .1 BP

medication

excluded

65.6 6 15.3 Bicarbonate

UF volume 1.51 L

Blood 200-500 mL/min
Dialysate 800 mL/min

Temperature 36�C

Standard meal

620 kcal

26 g pro
31 g fat

YRBV, MAP

4HR, CO,

SVR

Kara and
Acikel53

2010 25 Turkey Clinically Stable
No neuropathy

or diabetes

56.6 6 13.0 Bicarbonate
4 h treatment

Na 140 mEq

Blood 200-450 mL/min
Dialysate 500 mL/min

Temperature 36�C

White bread, white
cheese, tea (427

kcal, 27.1 g

protein)

YMAP
[HR
4SH

M€uller-Deile

et al.52
2014 40 Germany Stable

No symptomatic
cardiovascular

disease

71 6 14 UF based on weight

gain
Blood 300 mL/min

Dialysate 500 mL/min

2-3 slices white

bread, cheese/
marmalade,

beverage

4SBP, DBP,

MAP

CO, cardiac output; DBP, diastolic blood pressure; HR, heart rate;MAP,mean arterial blood pressure; SBP, systolic blood pressure, SH, symp-

tomatic hypotension; SVR, systemic vascular resistance; UF, ultrafiltration.
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meal and witnessed a transient reduction in BP but no
difficulties with symptomatic hypotension. Similarly,
M€uller-Deile et al.52 conducted a study to examine the
influence of eating during HD on hemodynamics and
treatment efficiency. Forty stable MHD patients were fed
a standardmeal during treatment. They found no reduction
in SBP,DBP, orMAPafter meal ingestion (P..05 for all vs.
BP before eating) further suggesting that eating is generally
well tolerated, especially in stable MHD patients. Future
work should attempt to determine what differentiates
patients who may experience a drop in BP after eating.

The Effect of Eating During Treatment on
Solute Removal

Another proposed consequence arising from eating
during treatment is a reduction in the efficiency with
which solutes are removed during treatment. Two main
mechanisms have been proposed to explain why intradia-
lytic food consumption may reduce the efficiency of HD
treatment. The first, although not documented in the
literature, is that patients will discontinue treatments
early because of discomfort caused by the reduction in
BP.53 This shortened treatment time would lead to a
reduction in solutes removed by dialysis. The second
mechanism proposes a reduction in solute removal
because of sequestration of blood in the digestive tract,
minimizing the blood available to be dialyzed and
reducing the concentration gradient between the blood
and dialysate.54

Studies Examining the Effect of Eating on
Dialysis Efficiency

Several studies have examined the influence of eating
before or during HD on treatment efficiency (Table 3).
Singri et al.55 compared the efficiency of a single dialysis
treatment after a 3-hour fast to that of a meal 2 hours before



Table 3. The Effects of Oral Intake on Treatment Efficiency in Patients Undergoing Hemodialysis

Reference Year N Country

Patient

Population Age Dialysis Intake Hemodynamics

Singri et al.55 2004 42 USA N/A 55.4 (23-88) Unchanged between
treatments

Variable meals
containing

.0.4 g/kg

protein 2 h

before HD

4URR, Kt/V

Miguelsanz

et al.54
2001 14 Spain N/A 60 (46-79) Bicarbonate

Blood 350-400 mL/min

Dialysate 500 mL/min

Free intake YURR, Kt/V

Kara and

Acikel53
2010 25 Turkey Clinically stable

No neuropathy

or diabetes

56.6 6 13.0 Bicarbonate

Na 140 mEq

Blood 200-450 mL/min

Dialysate 500 mL/min
Temperature 36�C

White bread,

white cheese,

tea (427 kcal,

27.1 g protein)

YURR, Kt/V

M€uller-Deile

et al.52
2014 40 Germany Stable

No symptomatic

cardiovascular
disease

71 6 14 Blood 300 mL/min

Dialysate 500 mL/min

Ultrafiltration based on
weight gain

2-3 slices white

bread, cheese/

marmalade,
beverage

4Urea, uric acid,

or creatinine in

dialysate

URR, urea reduction ratio.
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the start of dialysis. The meals were variable, but all
contained at least 0.4 g of protein per kilogram of body
weight. They found that efficiency, as measured by urea
reduction ratio (URR) and single pool Kt/V, was not
reduced as a result of eating a meal before the start of the
treatment. These findings may be expected given that
eating before the start of HD is unlikely to lead to the
circulatory changes or early termination hypothesized to
contribute to a reduction in treatment efficiency.
To more appropriately address these concerns, two

studies have measured the effect of intradialytic food
consumption on efficiency using urea kinetics. Kara and
Acikel53 examined the effects of eating during dialysis on
treatment efficiency (N 5 25) by comparing a standard
HD treatment with one where patients were given a stan-
dard meal. Similarly, San Juan Miguelsanz et al.54 assessed
patients during standard dialysis in which theywere allowed
to eat, followed by restricting intradialytic food intake the
following week. In both the study by Kara and Acikel
(URR 67.8 6 6.1 vs. 72.1 6 6.0, P , .001; Kt/V
1.46 0.2 vs. 1.66 0.2, P,.001) and San JaunMiguelsanz
(URR 71.5 6 5.92 vs. 73.5 6 6.61, P 5 .057 and Kt/V
1.54 vs. 1.65, P , .05) efficiency was reduced in the treat-
ment in which patients ate. However, the interpretation of
these studies is limited by the possible confounding effects
of protein metabolism on estimated urea removal. In fact,
it has been hypothesized that if urea modeling was applied
to these data to account for the protein patients consumed,
the efficiency of these treatments may actually have
improved.56

Using different methodology, M€uller-Deile et al.52

further examined the effect of eating during HD on treat-
ment efficiency. They continually monitored treatment ef-
ficiency by both ultraviolet (UV) absorbance and dialysate
collection. Efficiency, as measured by UV absorbance, but
not dialysate clearance, was transiently influenced by eating.
Potential explanations for the transient reduction in effi-
ciency with UV absorbance include increasing solute
appearance because of rapid absorption or release from
other compartments. The combination of results from these
studies suggest that observed reductions inmeasurements of
efficiency may be the result of increased appearance rather
than reduced clearance, and the clinical significance of these
reductions may be limited. This argument is furthered by
recent evidence from our laboratory suggesting that
reduced treatment efficiency is not commonly experienced
by practitioners who allow patients to eat during treatment
(Kistler et al., manuscript in preparation).
Studies Examining the Effects of Eating
During HD on GI Symptoms and Other

Concerns
Of the remaining concerns to restrict intradialytic eating

(Table 1), GI symptoms are the most frequently cited by
practitioners. MHD patients have a greater prevalence of
GI symptoms than the general population,57 and these
symptoms are inversely associated with serum albumin
and quality of life.57 Nausea and vomiting are common in
patients with kidney disease possibly due to delayed gastric
emptying58 although many other factors are likely to
contribute. GI symptoms, including nausea, are thought
to occur acutely during approximately 10% of all treat-
ments.59-61 Nutritional supplementation studies that have
tracked GI symptoms have reported incidences similar
to62,63 or below64 these estimates. However, to our knowl-
edge, there are currently no studies directly examining the
effects of eating during HD on GI symptom amount or
severity and trials are needed to determine if eating
increases the incidence of these symptoms.
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Summary of Current Findings
Hemodynamic complications are the most commonly

cited reason to restrict intradialytic nutrition. Previous
studies have demonstrated that eating during treatment
causes a transient drop in BP. However, there is limited
evidence that this transient drop in BP translates to clinically
significant increases in symptomatic hypotension in patients
undergoing MHD, especially in the era of bicarbonate-
based dialysate. This observation is further supported by
the large number of intradialytic supplementation studies
that have not observed hemodynamic complications.
Many questions related to hemodynamic stability after
intradialytic eating remain unanswered, such as under-
standing the role of meal composition and the presence of
underlying cardiovascular complications on the risk of
developing IDH. Additional research is needed to help
outline best practices and to determine ways to minimize
patient risk.

Treatment efficiency is the most studied of the remaining
concerns about eating during HD. However, many of these
studies are confounded by the effect of protein metabolism
on urea kinetics. Furthermore, the modest and sometimes
transient reductions observed in treatment efficiency may
not be clinically relevant. Therefore, it remains unclear if
eating has any significant influence on treatment efficiency.
To our knowledge, other arguments against eating during
dialysis treatment such as food safety, staff burden, pest con-
trol, and choking or aspiration have not been studied.
Future studies should address these issues; so, practitioners
can make more informed decisions regarding patient
feeding practices during treatment.
Conclusions
MHD treatment is a catabolic procedure with significant

adverse consequences including muscle wasting, reduced
quality of life, and a number of metabolic alterations. Recent
evidence shows intradialytic nutrient supplementation rep-
resents a clinically and financially feasible strategy to improve
nutrition status. Available data indicate that while eating dur-
ing HD treatment does generally cause a transient reduction
in BP, it is tolerated by a vast majority of patientswithout sig-
nificant clinical consequences. Although further research
may demonstrate strategies to reduce the potential risks asso-
ciated with eating during treatment, the widespread use in
multiple countries without reports regarding its complica-
tions suggests that intradialytic nutrition is an appropriate
strategy to improve clinical outcomes in a large proportion
of the MHD patient population who can tolerate it.
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