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ABSTRACT

Patients on chronic hemodialysis are counseled to reduce dietary sodium intake to limit their thirst and consequent
interdialytic weight gain (IDWG), chronic volume overload and hypertension. Low-sodium dietary trials in hemodialysis
are sparse and mostly indicate that dietary education and behavioral counseling are ineffective in reducing sodium
intake and IDWG. Additional nutritional restrictions and numerous barriers further complicate dietary adherence. A
low-sodium diet may also reduce tissue sodium, which is positively associated with hypertension and left ventricular
hypertrophy. A potential alternative or complementary approach to dietary counseling is home delivery of low-sodium
meals. Low-sodium meal delivery has demonstrated benefits in patients with hypertension and congestive heart failure
but has not been explored or implemented in patients undergoing hemodialysis. The objective of this review is to
summarize current strategies to improve volume overload and provide a rationale for low-sodium meal delivery as a
novel method to reduce volume-dependent hypertension and tissue sodium accumulation while improving quality of
life and other clinical outcomes in patients undergoing hemodialysis.

Keywords: dietary sodium, hemodialysis, interdialytic weight gain, kidney failure, meal delivery, nutrition, quality of life,
volume overload

INTRODUCTION

Chronic volume overload is a persistent and challenging prob-
lem in kidney failure patients undergoing chronic hemodialy-
sis (HD) therapy, with an estimated prevalence of 40–60% [1–4].
However, volume overload is rarely quantified in an objective
manner, as there are several assessment techniques but no uni-
versal standard diagnosis for volume overload in either clinical

practice or research [5]. Chronic volume overload contributes to
a poor quality of life, caused in part by edema, fatigue, impaired
breathing and poor dialysis treatment tolerance [6]. Chronic vol-
ume overload also contributes to hypertension and left ventricu-
lar hypertrophy,which are leading causes of morbidity andmor-
tality in patients undergoing HD [7–10].

Volume overload and hypertension are managed through a
combination of pharmacological therapy, dialysis therapy and
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lifestyle modifications that include dietary sodium restriction
[11]. Dietary sodium intake, which stimulates thirst and sub-
sequent fluid intake, is a primary cause of volume overload
in HD patients with minimal to no residual kidney function
[12]. However, antihypertensive medications are typically the
first-line approach for treating hypertension aside from the
prescribed dialysis treatment [13]. This is perhaps because
modifying a patient’s dietary sodium and fluid intake demands
behavioral intervention strategies that require more effort than
most clinicians are able to provide or that are sustainable [14].
Nonetheless, the limitations of pharmacological and dialysis
therapy make sodium restriction critical to preventing and
treating volume overload and hypertension in HD patients [15].

Seminal work in the USA from the 1960s [16–19], as well
as more recent studies in Tassin, France [20] and Izmir, Turkey
[21] have shown that blood pressure (BP) can be controlled in
many HD patients nonpharmacologically using comprehensive
volume control strategies that include significant restrictions in
dietary sodium intake (e.g. <2000 mg/day) in conjunction with
gradual or progressive ultrafiltration and reduced reliance on
antihypertensive medications [2, 22]. These data suggest that
sodium restriction is key to successful volume control and im-
proving patients’ quality of life and cardiovascular risk. This
is further illustrated by single-intervention therapies, such as
pharmacotherapy or altering dialysis parameters (e.g. increas-
ing ultrafiltration rate and reducing dialysate sodium), that have
shown limited efficacy in treating volume overload when not
coupled with sodium restriction [21, 23–25]. Unfortunately, non-
pharmacological lifestyle approaches to managing volume and
hypertension in patients undergoing HD do not appear to be the
primary focus and effort of clinical practice today [26].

One likely reason that comprehensive volume control pro-
tocols are not widely practiced is because it is challenging to
reduce dietary sodium intake, a vital component of volume
control. Low-sodium dietary trials in HD are sparse and mostly
indicate that dietary education and behavioral counseling are
ineffective in reducing sodium intake and interdialytic weight
gain (IDWG) [27]. These research gaps suggest that new strate-
gies for reducing dietary sodium intake are needed. One sodium
reduction strategy that has shown promise in patients with
hyperlipidemia, hypertension and heart failure is providing
patients with low-sodium, home-delivered meals [28–30]. These
comorbidities are often prevalent in patients on HD, which
furthers the rationale for utilizing this approach in HD. Until
recently [31], studies have not evaluated the efficacy of this
approach to reduce sodium intake in HD patients.

Another reason to reduce excess sodium consumption is to
potentially reduce sodium accumulation in soft tissues, which
is elevated in patients on HD compared with healthy controls
[32, 33]. Excess tissue sodium may contribute to cardiovascu-
lar complications, including hypertension, left ventricular hy-
pertrophy and congestive heart failure [34, 35]. Although tissue
sodiummay be reduced to some extent during dialysis [33], stud-
ies have not investigated whether reducing dietary sodium in-
take can lead to reductions in the tissue sodium storage of HD
patients.

Reduction of dietary sodium intake through low-sodium,
home-delivered meals may lower tissue sodium accumulation
and improve chronic volume overload, both factors that have
been associated with hypertension, left ventricular hypertrophy
and mortality in individuals on HD. Importantly, home meal de-
livery could bypass many of the barriers associated with a low-
sodium diet in patients on HD. Home-delivered meals also have
the potential to be formulated to be low in phosphorus and

potassium, which could have secondary benefits in the context
of highly complex renal dietary restrictions [36]. The objective
of this review is to summarize current strategies to improve vol-
ume overload and provide a rationale for low-sodium meal de-
livery as a novelmethod to reduce volume-dependent hyperten-
sion and tissue sodiumaccumulationwhile improving quality of
life and other clinical outcomes in individuals undergoing HD.

Rationale for sodium restriction as the primary focus of
volume control

The prevalence of volume overload is difficult to determine as
clinical assessment relies on different subjective, objective and
proxy measures of volume status [37]. Although many of these
assessment techniques have different benefits and drawbacks,
IDWG is arguably a highly informative and practical measure of
fluid intake and retention (i.e. acute volume overload) in clinical
practice [38]. To prevent volume overload, patients undergoing
HD are often advised to reduce both their sodium (<2.3 g/day)
[39] and fluid intake to limit IDWG. However, adherence to these
recommendations is low [40]. Some researchers have argued
that sodium restriction should be the central focus of volume
reduction strategies rather than fluid restrictions, due to ethical
concerns [38, 41] and clinical consequences of advising patients
not to consume fluid when thirsty, including xerostomia and pe-
riodontal disease [42].

This ideological shift could be based on the rationale that di-
etary sodium intake is a driver of thirst, fluid intake and fluid re-
tention [43]. A major consequence of kidney failure is the inabil-
ity to concentrate and produce urine to remove both fluid and
electrolytes, leaving thirst as the major osmoregulatory mecha-
nism, which is higher in patients on HD compared with healthy
controls [44]. Studies by Kusaba et al. [45] and Kim et al. [46]
have demonstrated that those with kidney disease generally
have less sodium taste sensitivity (i.e. are less able to recog-
nize salty tastes) than healthy controls. Osmolytes other than
sodium,such as urea and glucose,may also drive excessive thirst
and studies have shown that patients with diabetes on HD have
greater thirst than those without diabetes [47]. Finally, both xe-
rostomia and thirst have been positively associated with IDWG
[48, 49].

Reduction of tissue sodium

A relatively new concept in sodium regulation is the non-
osmotic storage of sodium in tissues such as the skin and skele-
tal muscle [50]. Extrarenal sodium regulation, in the form of vas-
cular vasodilation and lymphatic expansion, has been proposed
to mobilize fluid and electrolytes throughout the body while
clearing sodium storage reservoirs [51]. Recent studies indicate
that tissue sodium accumulation is positively associated with
age, diabetes, BP and left ventricular hypertrophy [34, 35]. Thus it
appears that tissue sodium may be linked to both volume over-
load and hypertension. In kidney failure, non-osmotic sodium
regulation may be the sole remaining buffering mechanism for
dietary intake and homeostasis [51, 52]. Thus extrarenal storage
and regulation provide further rationale for limiting exogenous
sources of sodium and attenuating tissue sodium accumulation.
To date, however, few studies have examined the relationship
between tissue sodium levels and clinical outcomes in patients
on HD.

A recent study by Dahlmann et al. [33] demonstrated that
patients on HD have excessive sodium in their skin and skeletal
muscle compared with age-matched healthy controls. This
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Table 1. Comprehensive approaches to reduce volume overload and
hypertension in HD

Author Results

Charra et al. [54] 98.4% BP controlled
98.4% BP medication free
Highest global HD survival rate

Kayikcioglu et al. [57] 82% BP controlled
93% BP medication free
Reduced IDWG (∼1.0 kg/day)*

Reduced LVH (∼15 g/m2)*

Ozkahya et al. [58]
Ozkahya et al. [56]

96% BP controlled and medication free
Reduced IDWG (∼5.1 kg/day)*

Reduced LVMI (∼70 g/m2)*

Reduced CTI (∼11%)*

Reduced hypotensive events
Raimann et al. [60] Reduced systolic BP (16 ± 5 mmHg)*

Reduced diastolic BP (7.2 ± 2.6 kg)*

Reduced pre-HD weight (3.9 ± 2.6 kg)*

Reduced post-HD weight (3.8 ± 2.6 kg)*

Perez et al. [61] Trend for reduced 1 to 2-month IDWG
(P = 0.05)
Reduced EDW (mean −2.3 ± 3.9 kg)*

Reduced volume overload (mean −1.3 ±
1.8 L)*

Reduced BP medications (mean −1 ± 1)*

No significant BP changes (maintained)

All included studies consisted of a low-sodium diet, progressive ultrafiltration
and conventional (4-h) dialysis, with the exception of 8-h dialysis in Charra
et al. [54]. *Statistically significant (P < 0.05). LVH, left ventricular hypertrophy;

LVMI, left ventricular mass index; CTI, cardiothoracic index; EDW, estimated dry
weight.

study also reported that HD treatment may acutely reduce
tissue sodium levels by 19–27% [33]. Yet, studies have not yet
examined the impact of diet or reduced sodium intake on tissue
sodium storage. Currently there is an unclear relationship be-
tween tissue sodium accumulation and other factors impacting
HD patients’ excessive cardiovascular disease risk, including
hypertension, chronic volume overload, arterial stiffness and
systemic inflammation.

Sodium restriction as a cornerstone of comprehensive
volume control

Comprehensive volume control is generally defined as any
combination of gradual reductions in target dialysis weights,
minimization of antihypertensive prescriptions, standardized
dialysate sodium and weekly intradialytic counseling on dietary
sodium intake and IDWG. While it appears that single-therapy
interventions aimed at reducing volume overload and hyper-
tension in HD have had limited success [23, 24], some studies
have demonstrated success when sodium restriction has been
included as a cornerstone in comprehensive volume control in-
tervention strategies. These strategies also included stringent
management of ultrafiltration rates and reduced reliance on BP
medications (Table 1) [53–55]. Dialysis centers in Tassin, France
have long practiced strict sodium restriction, which appears to
result in improved outcomes. Compared with clinics in the USA,
Tassin dialysis centers have reduced mortality rates by nearly
50%, as well as IDWG, volume overload and BP [53–55]. However,
a caveat to the Tassin approach is that patients typically dialyze
for up to 8 hours, as opposed to 3 to 4-hour dialysis sessions in
the USA.

In contrast, dialysis centers in Izmir, Turkey adopted a similar
strategy, albeit with thrice-weekly, 4-hour HD, as is common in
the USA [21]. Despite the reduced dialysis treatment times, they
were able to achieve similar results, including normal BP with-
out antihypertensive medications in up to 95% of patients [2,
56–59]. One example of this was a cross-sectional comparison of
two dialysis clinics in Turkey conducted by Kayikcioglu et al. [57].
One center-controlled BP using a comprehensive volume con-
trol strategy that included intensive ultrafiltration and dietary
sodium restriction, while the second center-controlled BP with
antihypertensive medications. Both centers had improvements
in BP, but the comprehensive volume reduction strategy signif-
icantly reduced IDWG, hypertension and left-ventricular mass
index.

Notably, both Tassin and Izmir achieved significant reduc-
tions in BP without antihypertensive medications in the major-
ity of patients [59]. Comprehensive volume reduction strategies,
combining sodium restriction and increased ultrafiltration, are
not novel andwere originally recommended in the early decades
of dialysis [16–18]. However, there are few examples outside of
Izmir and Tassin where this approach is being successfully ap-
plied today. Raimann et al. [60] conducted a pilot volume con-
trol intervention in the USA, modeled after the Izmir protocol.
While they showed reductions in IDWG and BP, the study was
presented as an abstract at a professional conference but was
never published in a peer-reviewed journal, so it is difficult to
draw definitive conclusions from the data.

Unfortunately, these studies are also lacking data on im-
portant clinical outcomes such as dietary intake and dietary
patterns and objective measures of volume overload. To address
this gap in knowledge, our group conducted a pilot volume con-
trol intervention that included dietary sodium restriction as part
of a comprehensive volume control intervention [61]. Our find-
ings included modest reductions in sodium intake and markers
of volume overload (dialysis weights, extracellular fluid and cal-
culate volume overload), as well as improved BP control. These
data are generally consistent with recent studies demonstrat-
ing small changes in dietary sodium intake and IDWG in pa-
tients on HD provided with weekly nutritional education and
counseling (Table 1) [61]. However, the benefits are modest com-
pared with the robust improvements in BP and volume over-
load demonstrated in the studies in Tassin and Izmir. The failure
to fully replicate these findings in the USA suggests that novel
strategies to reduce sodium intake are needed. These modest
improvements may also be a reflection the US food supply, with
high availability of ultra processed foods high in sodium, which
makes it much more difficult to adhere to lower sodium intakes
compared with other regions. However, salt and sodium intake
may be similar or even higher in other countries as evidenced
by population studies in Turkey [62].

Limited efficacy of dietary sodium interventions

Sodium restriction in patients on HD is recognized as an im-
portant strategy to reduce fluid intake, IDWG, volume overload
and hypertension [63]. Many studies in HD patients have in-
dicated that dietary sodium consumption exceeds the recom-
mendations [39], with intakes that typically range from 2 to
14 g/day of sodium [64–71]. Unfortunately, strategies to reduce
dietary sodium intake in patients undergoing HD have had lit-
tle success [27]. Renal dietitians provide regular counseling to
patients on HD to reduce their dietary sodium and fluid intake,
but patient adherence to these recommendations remains low
[14, 72]. This is further highlighted by several dietary education
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Table 2. Studies investigating the effect of low-sodium/salt diet on IDWG in HD patients

Author, Year Design, N Intervention Result (change)
Effect Size
(Cohen’s d)

Perez et al. [31],
2020

Single arm,
20

Usual diet followed by
low-sodium delivered meals,
4-weeks pre versus 4-weeks

post

Na intake �:
−1.6 ± 0.3 g/day,*

IDWG �: −0.8 ± 0.1 kg*

Na: 1.71,
IDWG: 0.53

Sakai et al. [71],
2017

Single arm, 48 Usual diet followed by
counseling,

48-months pre versus
48-months post

Na intake �:
−0.6 ± 0.2 g/day,*a

IDWG (kg) not reported

Na: 0.60

Sevick et al. [70],
2016

RCT,
CON: 86
INT: 93

Counseling or
counseling + technology

support,
16 weeks

No �: dietary Na intake,
No �: IDWG

Na: 0.00,
IDWG: 0.18

Rodriguez-
Telini et al. [69],
2014

RCT,
CON: 18
INT: 21

Usual diet or
usual diet less 2 g/Na/day,

16 weeks

Na intake �:
−2.5 ± 0.4 g/day,*

No �: IDWG

Na: 1.92,
IDWG: 0.24

Maduell et al. [67],
2000

Case–control,
15

Nutritional counseling Na intake �:
−1.2 ± 1.2 g/day,*

IDWG �: −0.5 ± 0.6 kg*

Na: 1.07,
IDWG: 0.82

Rigby-
Mathews et al. [68],
1999

RCCT,
28

Usual diet or
0.5 g/Na/day,

1 week

Na intake �:
−2.7 ± 0.2g/Na/day,*

IDWG �: −0.8 + 0.2 kg*

Na: 3.30,
IDWG: 0.77

*Statistically significant (P < 0.05). aWithin-subjects statistical comparison non significant (P > 0.05) or not reported. All values standardized from salt intake to Na
content. Smallest effect size calculated based the lowest reported change values. Adapted from Bossola et al. (2018) [27]. Na, sodium; RCT, randomized control trial;

RCCT, randomized control cross-over trial; IDWG, interdialytic weight gain; CON, control group; INT, intervention group.

or behavioral interventions that have not achieved or sustained
significant reductions in both dietary sodium intake and IDWG
(Table 2) [67–71].

Notably, Maduell et al. [67] and Rigby et al. [68] conducted
two small studies that demonstrated successful reductions in
both dietary sodium intake and IDWG, yet neither has been pub-
lished as a full-text original article (i.e. short communication
and abstracts only). Importantly, Rigby et al. [68] provided a strict
shopping list, daily diet plan and low-sodium foods through-
out the intervention to increase adherence. The provision of
food in these examples supports meal provision as a method
to increase dietary adherence among patients with CKD. Such
an approach also addresses concerns about patient food secu-
rity and the costs of purchasing fresh foods or produce. Though
some previous studies have reported on general barriers to low-
sodium dietary adherence [73], few have studied or reported on
cultural food barriers and food fatigue that may also play an im-
portant role in dietary adherence. Epidemiological data suggest
that IDWG is positively associated with both sodium intake and
poor health outcomes, yet few trials have successfully managed
to reduce dietary sodium consumption in patients on HD [74–
77]. Thus there is a critical need to develop new strategies that
produce robust reductions in sodium intake and subsequent re-
ductions in IDWG to improve volume overload and reduce car-
diovascular mortality.

The rationale for providing home-delivered meals to
patients on HD

Patients on HD face a plethora of barriers that make it ex-
tremely challenging for them to adhere to recommendations
to significantly restrict their dietary sodium intake [12, 38,
78]. Commonly cited barriers include time constraints, fatigue
related to dialysis treatments [78] and socioeconomic factors

such as food cost and availability (Table 3) [79]. Many patients on
HD may also lack cooking equipment, physical function and/or
social support, which reduces their ability to cook their own
food [78]. Poor nutrition and health literacy, an inability to track
nutrients and feelings of deprivation also contribute to low
adherence to the renal diet [78, 80]. Given all these barriers, it
is clear why attempts to restrict dietary sodium intake through
enhanced education and counseling alone have had limited
success (Table 2) [67–71]. In contrast, providing home-delivered
kidney-friendly meals may help mitigate many of the barriers
to eating a low-sodium diet.

To examine the initial efficacy of this approach, we recently
conducted a pilot study that provided home-delivered renal
meals to 20 HD patients [31]. Participants were followed for a
4-week observational period followed by a 4-week interventional
home-meal delivery period. In this study, HD patients who were
provided the home-delivered meals had reductions in IDWG, ul-
trafiltration, BP, and volume overload. In secondary analyses of
this study (unpublished), during the observation period, partic-
ipants frequently consumed high-sodium, ultra-processed and
processed foods and there was a high proportion of meals con-
sumed away from the home [81]. The largest contributors to
dietary sodium intake also contributed to higher phosphorus
and potassium intakes. This could be secondary to the concur-
rent use of phosphorus, sodium and potassium additives in ul-
tra processed foods, though the studies did not capture these
data. Participants may have also changed their consumption of
animal-based food products or dairy consumption, which needs
to be further evaluated in future studies. We also found sev-
eral deficits in sodium knowledge. However, participants gen-
erally scored high on most assessed educational areas. These
data agree with a recent study by Betz et al. [82] finding that
dietary knowledge was not associated with dietary intake. A
common reported behavioral challenge was the HD diet and
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Table 3. Potential benefits and concerns of home-delivered meals in kidney failure

Benefits Concerns

Adherence and barriers:
Less reliance on the need for shopping and cooking
Improved food security
Promote changes in salt-taste sensitivity/preference to promote
short- or long-term behavior change

Adherence and barriers:
Not eating provided meals and meal fatigue
Consumption of high-Na food in addition to the meals

provided
Reduced cooking self-efficacy and storage requirements
Reduced patient autonomy for meal decisions
Culturally appropriate meals may not be available

Clinical benefits:
Reduced Na, K, P and thirst/fluid intake
Reduced volume overload, HTN, hyperkalemia, hyperphosphatemia
Improved HD treatment efficacy and reduced HD adverse effects
Diabetes- and heart-healthy meals could be formulated

Clinical consequences
Meals may not meet entire nutritional needs: energy,

protein, micronutrients
Need for additional oral nutritional supplements

Long-term cost-effectiveness:
Reduced antihypertensive medications, phosphate binders,
K binders and hospitalizations

Improved treatment compliance/fewer missed dialysis shifts
Safe weight reduction to improve kidney transplantation eligibility

Up-front costs:
Several hundred dollars/month/patient

Na, sodium; K, potassium; P, phosphorus; QOL, quality of life; HTN, hypertension.

fluid restrictions. In contrast, participants were generally con-
fident in limiting salt shaker usage and salt intake overall de-
spite nearly all being above dietary sodium recommendations
(>2.3 g/day/sodium) [39].

Evidence from other clinical populations

Low-sodium meal provision has shown promise in individuals
with hyperlipidemia, hypertension [28] and heart failure [29].
Troyer et al. [28] provided seven home-delivered meals per week
for 12 months to older adults with cardiovascular disease. The
primary finding was that providing meals adopting the Dietary
Approach to Stop Hypertension (DASH) diet increased DASH ac-
cordance (adherence), indicating that this was both a feasible
and efficacious approach. In patients with heart failure, Hum-
mel et al. [29] randomized patients to usual care or three DASH
meals per day for 4 weeks to post discharge patients with heart
failure. Meal provision in this study appeared to improve the
survey-evaluated clinical status, rate of rehospitalization and
duration of rehospitalizations. Similarly, Kalogeropoulos et al.
[30] randomized patients with heart failure to 1500 or 3000 mg
sodium home-delivered meals for 12 weeks. The primary find-
ing was that themeals were generally well tolerated without ad-
verse safety or quality-of-life signals. Overall, these studies sug-
gest that providing meals may be a practical method to achieve
dietary adherence that may also translate to improved clini-
cal outcomes in clinical populations. Both Hummel et al. [29]
and Kalogeropoulos et al. [30] used the commercial vendor Pur-
Foods (Ankeny, IA, USA; www. purfoods.com), which also pro-
vides meal options for HD patients. In our pilot trial in HD,
with a similar home-delivered approach, participants had gen-
erally good meal adherence and improvements in some clini-
cal outcomes such as IDWG, volume overload and BP [31]. To
date, however, studies have not widely explored the efficacy of a
meal-provision approach to manage sodium intake and clinical
outcomes in HD patients.

Clinical benefits

In addition to helping overcome barriers to a low-sodium diet,
home-deliveredmealsmay also yield clinical benefits relevant to
HD patients (Table 3). First, reducing sodium intake could reduce

thirst, sodium and fluid retention (Figure 1). This decrease in
thirst may, in turn, lead to reduced IDWG, volume overload and
hypertension, which in the long term may translate into reduc-
tions in left ventricular hypertrophy, congestive heart failure and
cardiovascular mortality. Second, reductions in IDWG may re-
duce complications from aggressive dialysis ultrafiltration such
as intradialytic hypotension, cardiac stunning, peripheral organ
ischemia, cramping and fatigue [83]. Reduction of intradialytic
hypotension, as well as these complications, may improve mor-
tality and improve patients’ quality of life. Notably, dialysis cen-
ters in Tassin, France reduced mortality due to a drastic reduc-
tion in hypotensive episodes attributed to slower ultrafiltration
rates [20].

Moreover, a low-sodium diet may also reduce tissue sodium
levels and thus further reduce cardiovascular risk inHDpatients.
Some commercial vendors [29, 84] also provide kidney-friendly
meal options that are low in potassium and phosphorus. There-
fore, home-delivered meals may also help prevent and treat hy-
perkalemia and hyperphosphatemia through the reduction of
highly bioavailable phosphate and potassium additives. These
meals can also be formulated to provide both consistent and
adequate energy and protein intake to promote reductions in
protein-energy wasting. Similarly, the meals can be formulated
to contain adequate amounts of dietary fiber from plant-based
foods, which may be beneficial for the gastrointestinal micro-
biota, leading to lower production of microbially derived uremic
toxins [85, 86].Diabetes- and heart-healthy optionsmay be avail-
able for patientswith these comorbidities. Lastly,meal-provision
may represent a method to provide more plant-based, Mediter-
ranean, or DASH-type foods, which has been described as a re-
search priority in HD to reduce intradialytic symptoms and the
risk of fluid overload [87].

Concerns and costs

There are a number of concerns with home-delivered meals
that need to be considered. One obvious concern is the up-front
costs associated with providing these meals. Typically, most
home-delivery meal services charge ∼$6–$14 per meal [84, 88],
although this may vary significantly depending on the provider
and/or type of meal provided. If a healthcare or insurance
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Volume overload Hypertension and CVD/CHF Hospitalizations,
mortality and QOL

Hyperphosphatemia

Hyperkalemia

CKD–MBD

Protein energy wastingEnergy/protein deficit 

Renal-friendly
home meal delivery

Arrythmia and sudden death

Nutritional concern Disorder Disease/outcome

Calorie/protein intake

Sodium/fluid intake

Potassium intake

Phosphorus intake

FIGURE 1: Potential benefits of home-delivered meals in patients with CKD. This figure depicts the potential benefits of kidney-friendly home-delivered meals. Meals
can be formulated to be calorie dense and high protein to prevent protein energy malnutrition and wasting. Low-sodium meals may reduce thirst and fluid intake
to improve volume-dependent hypertension. Low-potassium and low-phosphorus meals could improve hyperkalemia and hyperphosphatemia, in turn improving

cardiac alterations and bone mineral disorders. CVD, cardiovascular disease; CHF, congestive heart failure; CKD-MBD, chronic kidney disease—mineral bone disorder;
QOL, quality of life.

provider were to provide only two meals/patient/day, it would
cost roughly $360–$840/patient/month, which is a significant
cost outlay for a dialysis provider or insurance agency. However,
home-delivered meals could also provide significant healthcare
cost savings, especially if the reduced sodium intake helps
manage chronic volume overload. Unfortunately, some parts of
the world may not have insurance or dialysis providers to cover
these costs. Individual patients would have to absorb these
costs in these cases, which may not be possible for people with
lower incomes. Nonetheless, an added benefit of meal provision
is that there may be less need for some medications. For ex-
ample, euvolemic patients may require fewer antihypertensive
medications, while patients adhering to lower potassium and
phosphorus intakes may need fewer intestinal potassium and
phosphate binders. And most significantly, reduced volume
overload, hyperkalemia and hyperphosphatemia should ide-
ally lead to fewer hospitalizations. However, future long-term
studies should assess the cost-effectiveness of this approach.

Three home-delivered dialysis-friendly meals would repre-
sent a minimum cost of ∼$587/month [89]. A proposed com-
parison of these costs would be approximately $6000 for a
cardiovascular-related hospitalization, $300 for additional dial-
ysis treatment and <$100/month for each pharmaceutical med-
ication (antihypertensive agent, phosphate binder, potassium
binder), though the cost-effectiveness of these treatments may
be highly variable [90–96].Meal provision could in theory also aid
with weight loss in patients with obesity and in turn improve el-
igibility for kidney transplantation, which could help make the
approach cost effective [97]. Overall, these effects could hypo-
thetically also improve both quality and quantity of life, a bene-
fit that could be desired by patients, healthcare providers, dialy-
sis providers and insurance providers alike. But all of these hy-
potheses should be studied in a systematic way.

Patient receptiveness and practical considerations

Not all individuals will be equally receptive to home-delivered
meals, nor will meals be equally beneficial to all patients. An
important outcome in evaluating these hypotheses will be
which HD patients may need this service long term versus
those that may learn to change habits when provided low-
sodium meals. Meal provision could be an effective method
for ‘priming’ behavior change. Priming in this context would
involve providing exposure to environmental cues that may
help modify long-term behavior. A small body of literature
suggests that priming strategies may improve specific nutrition

behaviors, but this has not been studied as a strategy to reduce
dietary sodium intake, particularly in HD patients [98]. This
approach could assist patients in visualizing and controlling
portion sizes to further aide in dietary sodium reduction. Some
studies indicate that it may take several weeks to months on a
low-sodium diet to change salt sensitivity and preferences [99].
As a result, providing home-delivered low-sodium meals for a
short time (∼2–4 months) may help facilitate long-term changes
in sodium intake and be less cost prohibitive. Nonetheless, it
is important to investigate the midterm and long-term efficacy,
benefits and cost-effectiveness of home-delivered meals.

Another concern with home-delivered meals is that most
commercial vendors provide limited meal options that are ap-
propriate for the ‘renal diet’, including meals low in sodium,
phosphorus and potassium. The limited variety of meals may
not be palatable for some patients, may not be culturally rele-
vant, and even if they are, meal fatigue may become an issue
over time. Some patientsmay also consume significant amounts
of high-sodium foods in addition to home-deliveredmeals.How-
ever, Hummel et al. [29] reported 77% overall adherence with
home-delivered meals and Troyer et al. [28] also reported in-
creased adherence (reported as accordance) to the DASH diet.
Another drawback is that providingmealsmay not help patients
learn cooking skills that will help them sustain these dietary
changes. An alternative approach would be to provide fresh pro-
duce, foods or meal kits in a manner similar to Goraya et al. [100]
in individuals with earlier stages of CKD.

There are potential concerns that meal provision may
discourage patients from taking behavioral responsibility,
becoming increasingly reliant on another provider. However,
provided home-delivered meals may be coupled with educa-
tional approaches to change short- or long-term behavior. Meal
provision could demonstrate examples of healthy or desired
dietary choices and lead to positive taste changes. These meals
could also alleviate food insecurity and the regular consump-
tion of processed or fast food [101] among patients on dialysis.
Furthermore, the total calories and protein content of provided
meals may be lower than recommended for HD patients. If so,
these patients may simply require additional healthy snacks
or oral nutrition supplements to meet energy and protein re-
quirements, which is already common clinical practice. Finally,
providing meals in this manner could have similar benefits for
patients with earlier stages of CKD or on peritoneal dialysis,
who often exhibit volume overload as well [102]. The reduction
of sodium intake and volume-dependent hypertension in
earlier stages of kidney disease could reduce cardiovascular
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risk, which contributes to the progression of CKD. By the time
individuals reach end-stage kidney disease and dialysis, nearly
75% of patients present with left ventricular hypertrophy [103].

CONCLUSIONS

In summary, while the long-term efficacy of home-delivered
meals in patients undergoing chronic HD needs to be evalu-
ated, there are a number of potential benefits that make this an
intriguing idea to explore. If dietary sodium can be effectively
controlled, chronic volume overload may be effectively reduced
and this may translate into improvements in cardiovascular-
related outcomes. To date,many studies have failed to show that
dietary education and counseling produce sustained changes
in sodium intake in HD patients. This is not surprising, given
the ubiquitous presence of sodium in our food supply and the
plethora of barriers that HD patients face when trying to limit
their sodium intake. Home-delivered, low-sodiummeal delivery
services may help HD patients overcomemany of these barriers.
Clinical trials, quality improvement programs and other stud-
ies need to investigate the efficacy of meal provision in HD to
demonstrate this approach is a cost-effective and sustainable
model to achieve sodium restriction. Importantly, low-sodium
meal delivery may improve both clinical outcomes and patient
quality of life, which should be welcomed by both healthcare
providers and patients alike.
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47. Bruzda-Zwiech A, Szczepańska J, Zwiech R. Xerostomia,
thirst, sodium gradient and inter-dialytic weight gain in
hemodialysis diabetic vs. non-diabetic patients. Med Oral
Patol Oral Cir Bucal 2018; 23: e406–e412.

48. Bots CP, Brand HS, Veerman ECI et al. Interdialytic weight
gain in patients on hemodialysis is associated with dry
mouth and thirst. Kidney Int 2004; 66: 1662–1668

49. Clark-Cutaia MN, Ren D, Hoffman LA et al. Adherence to
hemodialysis dietary sodium recommendations: influence
of patient characteristics, self-efficacy, and perceived bar-
riers. J Ren Nutr 2014; 24: 92–99

50. Titze J, Dahlmann A, Lerchl K et al. Spooky sodium balance.
Kidney Int 2014; 85: 759–767

51. Wiig H, Luft FC, Titze JM. The interstitium conducts ex-
trarenal storage of sodium and represents a third compart-
ment essential for extracellular volume and blood pressure
homeostasis. Acta Physiol 2018; 222: e13006

52. Titze J. Sodium balance is not just a renal affair. Curr Opin
Nephrol Hypertens 2014; 23: 101–105

53. Anvari E, Mojazi Amiri H, Aristimuno P et al. Comprehen-
sive and personalized care of the hemodialysis patient in
Tassin, France: a model for the patient-centered medical
home for subspecialty patients. ISRN Nephrol 2013; 2013:
792732

54. Charra B, Calemard E, Ruffet M et al. Survival as an index of
adequacy of dialysis. Kidney Int 1992; 41: 1286–1291

55. Krautzig S, Janssen U, Koch KM et al.Dietary salt restriction
and reduction of dialysate sodium to control hypertension
inmaintenance haemodialysis patients.Nephrol Dial Trans-
plant 1998; 13: 552–553

56. Ozkahya M, Toz H, Qzerkan F et al. Impact of volume con-
trol on left ventricular hypertrophy in dialysis patients.
J Nephrol 2002; 15: 655–660

57. Kayikcioglu M, Tumuklu M, Ozkahya M et al. The bene-
fit of salt restriction in the treatment of end-stage renal
disease by haemodialysis. Nephrol Dial Transplant 2009; 24:
956–962

58. OzkahyaM, Töz H,Unsal A et al.Treatment of hypertension
in dialysis patients by ultrafiltration: role of cardiac dilata-
tion and time factor. Am J Kidney Dis 1999; 34: 218–221

59. Ozkahya M, Ok E, Cirit M et al. Regression of left ventricu-
lar hypertrophy in haemodialysis patients by ultrafiltration
and reduced salt intake without antihypertensive drugs.
Nephrol Dial Transplant 1998; 13: 1489–1493

60. Raimann JG,Williams C, Gupta S et al. FP648 Systematic re-
duction of interdialytic weight gain and post hemodialysis
weight lowers systolic and dialstolic blood pressure: pre-
liminary results of a quality improvement project. Nephrol
Dial Transplant 2015; 30(Suppl 3): iii290

61. Perez LM, Burrows BT, Chan LE et al. Pilot feasibility study
examining the effects of a comprehensive volume reduc-
tion protocol on hydration status and blood pressure in
hemodialysis patients. Hemodial Int 2020; 24: 414–422

62. Erdem Y, Arici M, Altun B et al. The relationship be-
tween hypertension and salt intake in Turkish population:
SALTURK study. Blood Press 2010; 19: 313–318

63. Penne EL, Levin NW, Kotanko P. Improving volume status
by comprehensive dietary and dialytic sodium manage-
ment in chronic hemodialysis patients. Blood Purif 2010; 30:
71–78

64. Kimura G, Kojima S, Saito F et al.Quantitative estimation of
dietary intake in patients on hemodialysis. Int J Artif Organs
1988; 11: 161–168

65. Fine A, Fontaine B, Ma M. Commonly prescribed salt in-
take in continuous ambulatory peritoneal dialysis patients
is too restrictive: results of a double-blind crossover study.
J Am Soc Nephrol 1997; 8: 1311–1314

66. Ramdeen G, Tzamaloukas AH, Malhotra D et al. Esti-
mates of interdialytic sodium and water intake based on
the balance principle: differences between nondiabetic
and diabetic subjects on hemodialysis. ASAIO J 1998; 44:
812–817

67. Maduell F, Navarro V. Dietary salt intake and blood pres-
sure control in haemodialysis patients. Nephrol Dial Trans-
plant 2000; 15: 2063



Home-meal delivery in kidney failure 1837

68. Rigby-Mathews AJ, Scribner BH, Ahmad S. Control of in-
terdialytic weight gain (IDWG) without water restriction in
hemodialysis patients. J Am Soc Nephrol 1999; 10: A1346

69. Rodrigues Telini LS, de Carvalho Beduschi G, Caramori
JCT et al. Effect of dietary sodium restriction on body wa-
ter, blood pressure, and inflammation in hemodialysis pa-
tients: a prospective randomized controlled study. Int Urol
Nephrol 2014; 46(1): 91–97

70. Sevick MA, Piraino BM, St-Jules DE et al. No difference
in average interdialytic weight gain observed in a ran-
domized trial with a technology-supported behavioral
intervention to reduce dietary sodium intake in adults un-
dergoing maintenance hemodialysis in the United States:
primary outcomes of the BalanceWise Study. J Ren Nutr
2016; 26: 149–158

71. Sakai MSc A, Hamada H, Hara K et al. Nutritional counsel-
ing regulates interdialytic weight gain and blood pressure
in outpatients receiving maintenance hemodialysis. J Med
Invest 2017; 64: 129–135

72. Clark S, Farrington K, Chilcot J. Nonadherence in dialysis
patients: prevalence,measurement, outcome, and psycho-
logical determinants. Semin Dial 2014; 27: 42–49

73. Clark-Cutaia MN, Sevick MA, Thurheimer-Cacciotti J et al.
Perceived barriers to adherence to hemodialysis dietary
recommendations. Clin Nurs Res 2019; 28: 1009–1029

74. López-Gómez JM, Villaverde M, Jofre R et al. Interdialytic
weight gain as a marker of blood pressure, nutrition, and
survival in hemodialysis patients. Kidney Int 2005; 67: S63–
S68

75. Hecking M, Karaboyas A, Saran R et al. Dialysate sodium
concentration and the association with interdialytic
weight gain, hospitalization, and mortality. Clin J Am Soc
Nephrol 2012; 7: 92–100

76. Ipema KJR, Kuipers J,Westerhuis R et al. Causes and conse-
quences of interdialytic weight gain. Kidney Blood Press Res
2016; 41: 710–720

77. Wong MMY, McCullough KP, Bieber BA et al. Interdialytic
weight gain: trends, predictors, and associated outcomes
in the International Dialysis Outcomes and Practice Pat-
terns Study (DOPPS). Am J Kidney Dis 2017; 69: 367–379

78. St-Jules DE, Woolf K, Lou Pompeii M et al. Exploring prob-
lems in following the hemodialysis diet and their relation
to energy and nutrient intakes: the BalanceWise Study. J
Ren Nutr 2016; 26: 118–124

79. Crews DC, Kuczmarski MF, Grubbs V et al. Effect of food in-
security on chronic kidney disease in lower-income amer-
icans. Am J Nephrol 2014; 39: 27–35

80. Dageforde LA, Cavanaugh KL. Health literacy: emerging ev-
idence and applications in kidney disease care.Adv Chronic
Kidney Dis 2013; 20: 311–319

81. Perez L. Dietary interventions and strategies to re-
duce sodium consumption and volume overload in
hemodialysis patients. PhD dissertation, University of
Illinois at Urbana-Champaign. https://www.ideals.illinois.
edu/handle/2142/110482 (26 January 26 2022, date last
accessed)

82. Betz M, Steenes A, Peterson L et al.Knowledge does not cor-
respond to adherence of renal diet restrictions in patients
with chronic kidney disease stage 3–5. J Ren Nutr 2021; 31:
351–360

83. Burton JO, Jefferies HJ, Selby NM et al. Hemodialysis-
induced cardiac injury: determinants and associated out-
comes. Clin J Am Soc Nephrol 2009; 4: 914–920

84. Melton A. Home-delivered meal options for chronic kidney
disease patients. J Ren Nutr 2012; 22: e47–e50

85. Su G, Qin X, Yang C et al. Fiber intake and health in peo-
ple with chronic kidney disease. Clin Kidney J 2022; 15:
213–225

86. Biruete A, Shin A, Kistler BM et al. Feeling gutted in chronic
kidney disease (CKD): gastrointestinal disorders and ther-
apies to improve gastrointestinal health in individuals
CKD, including those undergoing dialysis. Semin Dial 2021;
doi:10.1111/SDI.13030

87. Carrero JJ, González-Ortiz A, Avesani CM et al. Plant-based
diets tomanage the risks and complications of chronic kid-
ney disease. Nat Rev Nephrol 2020; 16: 525–542

88. Tuso P,Beattie S.Nutrition reconciliation andnutrition pro-
phylaxis: toward total health. Perm J 2015; 19: 80–86

89. PurFoods. Mom’s meals self-pay meal costs. https://
www.momsmeals.com/self-pay/ (30 June 2020, date last
accessed)

90. Mohr PE, Neumann PJ, Franco SJ et al. The case for daily
dialysis: its impact on costs and quality of life. Am J Kidney
Dis 2001; 37: 777–789

91. Lee H, Manns B, Taub K et al. Cost analysis of ongoing care
of patientswith end-stage renal disease: the impact of dial-
ysis modality and dialysis access. Am J Kidney Dis 2002; 40:
611–622

92. Just PM, Riella MC, Tschosik EA et al. Economic evaluations
of dialysis treatmentmodalities.Health Policy 2008; 86: 163–
180

93. St. Peter WL, Wazny LD, Weinhandl ED. Phosphate-binder
use in US dialysis patients: prevalence, costs, evidence, and
policies. Am J Kidney Dis 2018; 71: 246–253

94. Leaf DE, Cheng XS, Sanders JL et al. An electronic
alert to decrease kayexalate ordering. Ren Fail 2016; 38:
1752

95. Little DJ, Nee R, Abbott KC et al. Cost-utility analysis of
sodium polystyrene sulfonate vs. potential alternatives for
chronic hyperkalemia. Clin Nephrol 2014; 81: 259–268

96. Desai NR, Reed P, Alvarez PJ et al. The economic implica-
tions of hyperkalemia in a Medicaid managed care popu-
lation. Am Health Drug Benefits 2019; 12: 352–361

97. Suresh A, Robinson L, Milliron B-J et al. Approaches to obe-
sity management in dialysis settings: renal dietitian per-
spectives. J Ren Nutr 2020; 30: 561–566

98. Forwood SE, Ahern AL, Hollands GJ et al. Priming healthy
eating. You can’t prime all the people all of the time. Ap-
petite 2015; 89: 93–102

99. Bertino M, Beauchamp GK, Engelman K. Long-term reduc-
tion in dietary sodium alters the taste of salt.Am J Clin Nutr
1982; 36: 1134–1144

100. Goraya N, Munoz-Maldonado Y, Simoni J et al. Fruit and
vegetable treatment of chronic kidney disease-related
metabolic acidosis reduces cardiovascular risk better than
sodium bicarbonate. Am J Nephrol 2019; 49: 438–448

101. Butt S, Leon JB, David CL et al. The prevalence and nu-
tritional implications of fast food consumption among
patients receiving hemodialysis. J Ren Nutr 2007; 17:
264–268

102. Kim YL, BiesenWVan. Fluid overload in peritoneal dialysis
patients. Semin Nephrol 2017; 37: 43–53

103. McCullough PA, Chan CT, Weinhandl ED et al. Intensive
hemodialysis, left ventricular hypertrophy, and cardio-
vascular disease. Am J Kidney Dis 2016; 68(5 Suppl 1):
S5–S14

https://www.ideals.illinois.edu/handle/2142/110482
https://www.momsmeals.com/self-pay/

