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Abstract

Dietary non-adherence to sodium restriction is an important contribution to heart failure (HF)

symptom burden, particularly in older adults. While knowledge, skills, and attitudes towards

sodium restriction are important, sodium intake is closely linked to the ability to taste salt. The

‘hedonic shift’ occurs when sodium restriction induces changes in an individual’s salt taste that

lower subsequent salt affinity. Older adults often have compromised salt taste and higher dietary

salt affinity due to age-related changes. Older HF patients may have additional loss of salt taste

and elevated salt appetite due to comorbid conditions, medication use, and micronutrient or

electrolyte abnormalities, creating a significant barrier to dietary adherence. Induction of the

hedonic shift has the potential to improve long-term dietary sodium restriction and significantly

impact HF outcomes in older adults.

Introduction

Heart failure (HF) is a significant public health problem affecting over 5 million people in

the United States.1 With rates disproportionally affecting older adults, the annual incidence

in those above 75 years of age approaches 18 per 1000 persons.2 HF additionally places a

tremendous economic burden on the healthcare system, with greater than 1 million hospital

admissions yearly and annual inpatient expenditures exceeding $15 billion.3,4

The pursuit of effective therapeutic interventions in older adults has been limited by a

difficult-to-treat phenotype of HF, which occurs in the background of normative age related

changes in cardiovascular (CV) structure and function and in the setting of multiple
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comorbidities.5,6 The majority of older adults with HF have preserved ejection fraction with

concomitant hypertension (HTN) that contributes to a constellation of abnormalities

including left ventricular (LV) hypertrophy, large-arterial stiffness, diastolic, and to a lesser

extent systolic LV dysfunction.7 Among the risk factors for HF, HTN has the highest

population attributable risk in older adults and is modifiable by dietary interventions.8

Animal models and preliminary human studies suggest that dietary sodium restriction can

improve cardiac and vascular function in older HF patients.9,10 Current guidelines promote

dietary sodium restriction as an essential element of HF management. Nonetheless, non-

adherence to sodium restricted diet remains one of the most important contributions to HF

hospitalizations and overall morbidity—particularly in older adults.11–13,14,16 As such,

therapeutic approaches that target dietary non-adherence to sodium restriction have the

potential for great impact on HF disease burden. In this paper we re-introduce the concept of

the hedonic shift—an observation about changes in salt taste affinity after sodium restriction

—and make the case for its use as a therapeutic intervention for the treatment of HF in older

adults. Of note, the term ‘salt’ will be used in reference to taste thresholds and appetite,

whereas ‘sodium’ will be used in reference to dietary characteristics, serum concentrations,

and molecular characterizations such as ion channels.

Normal taste changes with age

In addition to enabling humans to recognize the flavor and palatability of a given food, the

sense of taste protects the body against rancid food products and toxins, and aids in

digestion by triggering gastrointestinal secretions.14 Taste occurs through multiple nervous

system pathways responsible for transmitting taste information to the brain from receptors

within taste buds on the tongue that can recognize salty, bitter, sweet, sour and umami (a

pleasant savory taste characteristic of ripe tomatoes).15 Changes in taste sensation can

impact a person’s health through unfavorable food selection or intake, and have been

implicated in causing malnutrition, weight loss, impaired immunity and worsening of

existing illnesses.16

Important changes occur with normal aging that affect taste perception, but not all of these

factors are related to inherent taste sensation (Table 1). The most frequent causes of taste

dysfunction in the elderly include deterioration of oral hygiene and subsequent oral and

perioral infections,17 increased prevalence of oral appliances such as dentures or

prosthetics,18 diminished olfactory sensation,19 consequences of chemical exposures such as

prolonged smoking,20 nutritional deficiencies, and medications.

With regards to medication use, elderly patients are particularly at risk due to polypharmacy

and use of medications with successive taste interactions—including many common classes

of drugs such as antibiotics, anti-neoplastic agents, neurologic agents and psychotropics,

cardiac medications, and endocrine agents (Table 2).21,22 Head and neck malignancies,

radiation, and head trauma are moderately common causes of taste dysfunction in the

elderly, as are endocrine disorders such as diabetes mellitus, hypothyroidism, adrenal

insufficiency, and Cushing’s syndrome.23 Several less common causes of taste dysfunction
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in older adults include gustatory auras from epilepsy or migraine disorders, and Sjogren’s

syndrome (from reduced secretions that bathe taste buds and are necessary for function).24

Salt Taste

Sodium is tightly regulated in humans in order to maintain narrow fluid and electrolyte

concentration ranges that regulate cellular functionality. This precise sodium homeostasis is

mediated through complex and interrelated mechanisms including neuroendocrine, genetic,

psychological, and environmental pathways—of which salt taste is critically important. The

primary mechanism for transduction of salt taste involves the passage of sodium ions

through specific membrane ion channels in the apical region of the taste bud.25 Expression

of these ion channels by taste receptor cells mediates salt appetite in response to varying

levels of sodium.26 Salt appetite is a motivated behavioral response, triggered through the

activation of neuroendocrine pathways, which makes salt taste more rewarding when serum

sodium is low.27 The renin-angiotensin-aldosterone system (RAAS) has been implicated in

inducing salt appetite via angiotensin II and aldosterone levels in both serum and brain that

mediate gustatory changes in response to various sodium concentrations.28 This was

demonstrated in Dahl rats using the angiotensin converting enzyme inhibitor captopril

(which does not cross the blood brain barrier), in which administration of captopril halted

conversion of angiotensin I to II within the systemic circulation but yielded increased

angiotensin II within the brain; resulting in higher salt appetite.28–30 In this respect, salt taste

is unique—whereas sweet and umami are considered generally attractive tastes, and sour

and bitter are generally unpleasant, salt taste can be transformed from attractive to

unpleasant based on different levels of sodium concentration.31

The Hedonic Shift

I was at first at a great loss for salt; but custom soon reconciled the want of it; and I

am confident that the frequent use of salt among us is an effect of luxury, and was

first introduced only as a provocative to drink; except where it is necessary for

preserving of flesh in long voyages, or in places remote from great markets. For we

observe no animal to be fond of it but man: and as to myself, when I left this

country, it was a great while before I could endure the taste of it in anything that I

eat.

Gulliver’s Travels, 1726

When dietary sodium restriction alters an individual’s salt taste affinity, the result is an

increased acceptance of low-sodium foods. This concept, known as the “Hedonic Shift,” has

been observed for centuries, as in Jonathan Swift’s Gulliver’s Travels in which the effect of

reduced dietary salt on desire and subsequent tolerance for salt taste is described.32 The

scientific community began studying salt restriction more formally in the early 20th century

after several early investigations hypothesized that excessive sodium chloride intake played

a prominent role in the cause of essential HTN.33–36 Once these observations were

confirmed in the 1950s and 1960s,37,38 numerous researchers began examining the trigger

for excessive sodium intake—and subsequently showed that alterations in taste acuity may

play a role.39,40 These key findings paved the way for several landmark studies of salt taste,
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demonstrating that hypertensive patients had a greater taste affinity for salt than did

normotensive individuals.41

Measuring salt taste characteristics

In the decades that followed, research shifted its focus to understanding and measuring the

characteristics of salt taste—including sensitivity, preference, and appetite (Table 3).42 The

general term ‘salt affinity’ has since been used to describe an individual’s overall attraction

to ingesting salty foods that encompasses the combination of each of these individual salt

taste characteristics.

Salt taste sensitivity, defined as the capacity for an individual to identify the flavor of salt, is

a characteristic measured by two thresholds: detection and recognition. Detection is the

minimum amount of a taste stimulus that a subject can detect; recognition is the minimum

amount of a taste stimulus that can be identified as a particular taste (i.e. salty versus sweet).

Although these thresholds depend on extrinsic conditions such as salivary sodium

concentration and mucous membrane dryness, they have been validated in determining

differences between individuals in the lower limits of taste and the amounts of a given

stimulus needed to identify a particular taste. In a study comparing patients with HTN to

those without, for example, detection thresholds were unchanged but recognition thresholds

were higher among those with HTN; the investigators concluded that “hypertensives may eat

more salt because they cannot taste it as well as can normotensive individuals.”39

Measurement of salt taste sensitivity also includes an assessment of stimuli that are above

threshold levels, or suprathreshold sensitivity.42 Suprathreshold sensitivity can be thought of

as level of saltiness, and is measured using scales in which an individual ranks a particular

stimulus in proportion to a comparison stimulus (i.e. 7/10 salty compared to 3/10 salty). This

adds significant information to the evaluation of taste, particularly because evaluation of

taste above sensitivity thresholds more closely resemble actual diets that tend to have

suprathreshold amounts of salt.43 Although initial studies failed to show differences in

suprathreshold salt taste sensitivity according to baseline HTN states, this taste characteristic

has proved to be the basis for the hedonic shift in work that will be described further—

where levels of saltiness (suprathreshold sensitivity) change in proportion to baseline salt

intake.

In contrast to salt taste sensitivity, which has specific and quantifiable features, salt

preference represents an individual’s general inclination toward one taste over another.

While salt preference is the most accessible salt taste characteristic, and thus readily

measured, it is difficult to interpret owing to its multiple contributors. Salt preference may

be comprised of a food’s intrinsic qualities including taste, smell, texture, temperature and

color, as well as extraneous qualities such as subject’s physical and mental states, dietary

history, and genetics.44 Salt preference is measured either by ranking one’s attitude toward a

particular stimulus or by indicating how frequently one would like to consume it—the

distinction is important because an individual might enjoy an item without wanting to

consume it regularly.42 Salt preference has been studied extensively; for example, when

patients were offered bottles of either water or saline, hypertensive patients consumed

almost 3 times more saline than normotensive patients.45
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The last characteristic of salt taste is appetite, defined as the drive to consume salt.

Analogous to preference, salt appetite is a complex characteristic that relates to both

intrinsic and extrinsic mechanisms, many of which are thought to be biobehavioral in origin

and related to development, conditioning, habit, and dietary culture.46 Salt appetite is

measured by quantifying salt consumption in an unrestricted population. Several studies

have shown that normotensive and hypertensive individuals consumed a similar quantity of

salt at baseline. However, when treated with diuretic therapy that results in net sodium loss,

HTN patients developed higher salt appetites and ingested higher quantities of salt than non-

HTN controls. This suggests that sodium deplete states produce a drive to consume salt

which is greater in HTN than controls.42

These observations regarding the salt taste characteristics of sensitivity, preference, and

appetite allowed for a formalized approach to examining the relationship between salt taste

and CV disease. What followed were a series of studies that refined the concept of the

hedonic shift and led to greater insight into its underlying mechanism as well as its potential

for use as a therapeutic approach.

Sodium Restriction

An individual’s baseline level of sodium ingestion significantly affects subsequent salt

affinity. In subjects with various baseline intake of sodium, for example, those with low

sodium intake added less salt to salt-free tomato juice compared with higher sodium intake

individuals, suggesting that low-sodium diets reduced affinity for salt.47 Sensitivity to salt

taste and preferences for various salt levels are similarly dependent on high versus low

levels of salt intake. In one study of 31 subjects, salt taste sensitivity was measured using a

7-category rating scale for intensity of saltiness with 5 concentrations of salt in water, bread

and mashed potato. Salt preference was assessed using a 9-category hedonic rating scale

with the bread and mashed potato to determine the preferred concentration, and total sodium

intake was estimated using urinary sodium excretion over 7 days. Subjects with higher

levels of total sodium intake had corresponding higher threshold sensitivity to salt taste and

higher salt preferences.48

Yet the breakthrough work came when investigators administered low sodium diets to

subjects for prolonged periods of time and studied the effects on their subsequent diets.

When 56 young adults (mean age 37 years) were given low-sodium or control diets over 1

year, sodium reduction yielded a preference toward less salt, with significantly lower salt

preferences obtained at 3 months (the earliest interval measured).49 Similarly, when 11

subjects were sodium restricted for 9 weeks but given free access to the use of pre-weighed

saltshakers throughout the study period, subjects compensated (by increasing saltshaker use)

only slightly (~20%) based on the level of reduction of dietary sodium; no changes in salt

taste were reported.50 Finally, in a study of subjects placed on self-maintained, low-sodium

diets for 5 months, perceived taste responses to salt (measured using 3 types of taste tests in

which salt concentration of solutions, soups, and crackers were varied and presented 6 times

in irregular order with measurement of intensity and pleasantness using a 9-point category

rating scale) were all increased after sodium restriction when compared to controls.51

Although small numbers, healthy populations, and inconsistent methodologies limited these
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and other studies, the message was clear: reducing sodium intake can lower subsequent salt

affinity.

Further insights characterized the nature of the hedonic shift in terms of time course and

mechanism (Figure 1). Although most studies required over 2 months of sodium restriction

in order for significant differences in salt taste to occur, some reported the hedonic shift after

only 2 weeks, and nearly all suggested that before the shift occurred, an initial transient

increase in salt affinity took place.49–54 The basic mechanism of the hedonic shift was

demonstrated by a series of important studies that used table salt to modify underlying salt

taste of foods without significantly altering underlying sodium content. In the first, the salt

taste (i.e. suprathreshold sensitivity, modified by lowering added table salt) of a stimulus

was reduced while the actual sodium content was kept the same, and the hedonic shift

occurred.55,56 In the second, the sodium content was reduced but the salt taste was kept the

same—the hedonic shift did not occur.50 Thus, the hedonic shift appears to stem from

changes in salt taste rather than purely the sodium content.

Salt taste changes with age

Several intrinsic changes to salt taste function occur with aging. Such modulations are

related to chemosensory deficits in the elderly that result in taste loss and are primarily

responsible for diminished salt taste affinity that leads to increased salt intake. It has been

shown both that elderly subjects have a salt detection threshold nearly 12 times higher than a

younger cohort,57 and that older adults experience significantly reduced salt taste intensity

(i.e. suprathreshold sensitivity) compared to younger controls.58 Chemosensory salt taste

loss in older adults was previously thought to be due to a physiological decrease in the

density of the taste buds and papillae, however newer studies have suggested that salt taste

loss with aging may additionally be due to changes in taste cell membranes that result in

impaired functioning of ion channels and receptors rather than reduction in the taste bud

quantity.59,60

Zinc levels have additionally been implicated as a major cause of taste dysfunction in older

adults. Older adults are prone to low serum zinc as a result of lower nutritional intake,

increased diuretic use, and concomitant renal disease, all of which have been shown to

decrease zinc in the body.61–63 A population based report of the third National Health and

Nutrition Examination Survey (NHANES III) showed that older adults greater than 71 years

had among the lowest percentage of adequate zinc intake.64 In one study of hospitalized

elderly patients (mean age 84 years), one-third of patients presented with zinc deficiency.65

The mechanism of zinc deficiency and consequent taste dysfunction relates to a protein

called gustin (carbonic anhydrase VI), which is essential for generalized taste affinity that

encompasses salt taste (via the maintenance of pH homeostasis in saliva that is necessary for

taste recognition).66 Zinc is bound to gustin in the blood, and corresponding zinc deficiency

leads to gustin deficiency.67 The resulting impairment in taste acuity resulting from zinc

deficiency was demonstrated in a study of 29 older adults (mean age 63 years) with chronic

kidney disease, in which low serum zinc levels corresponded to reduced salt detection

thresholds compared to healthy controls (mean age 38 years).68
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Thus, normative changes in salt taste that occur with aging result in higher thresholds of salt

sensitivity and salt taste affinity that may predispose older adults to downstream health

effects.

Therapeutic implications

In addition to age related changes in salt taste, several features of HF make patients

increasingly susceptible to the adverse effects of taste dysfunction. Common HF

comorbidities, such as chronic kidney disease and HF, activate neurohormonal pathways

through the RAAS that raise salt appetite through low serum sodium states.27,68

Additionally, frequently used HF medications contribute to this mechanism via sodium loss

(as with diuretics) or elevated brain angiotensin II levels (as with RAAS pathway inhibitors

which raise circulating angiotensin I and subsequent brain angiotensin II).28–30 These effects

are exacerbated by zinc- and sodium-deficient states characteristic of the micronutrient and

electrolyte environments observed in heart failure patients that elevate sodium appetite.69,70

Each of these qualities along with those that occur with aging make sodium restriction

particularly difficult for older adults with HF. As a result, sodium restriction non-adherence

is especially prevalent and contributes to a large percentage of HF hospitalizations.12,13

To our knowledge, there has been only one study examining salt taste affinity in HF

patients; when 38 clinically stable HF patients (mean age 60 years, average ejection fraction

40%) were given various salt concentrations of bean soup and compared to healthy age-

matched controls, the HF patients demonstrated a significantly greater preference for high

salt soup.71 Since salt taste loss is pronounced in older adults, and older adults with HF

represent a population in which dietary adherence is critical to reduce adverse outcomes,

therapeutic interventions that target salt taste affinity in older adults have the potential for

tremendous impact in the management of older adult patients with HF. We hypothesize that

older adults with HF may benefit from several weeks of sodium restriction that induces a

shift in salt taste affinity and yields subsequent dietary adherence (Figure 2).

Various approaches to therapeutic sodium restriction have been proposed, including dietary

counseling,72 sodium reduction in food supply,73 and labeling food packages,74 but none

have focused on stimulating the hedonic shift through prolonged exposure to low sodium

diet. The current management of acute decompensated HF involves sodium restriction

during hospitalization.75 Yet as we have shown, data suggests that during the initial period

of sodium restriction, patients may experience an initial and transient increase in salt taste

affinity.49–54 Depending on the length of this period (which varies based on individual) and

length of the hospitalization, this may produce a higher salt taste affinity at discharge that

places patients at risk for subsequent decompensation due to dietary non-adherence. In the

current model, therefore, an approach that targets sodium restriction in the post-discharge

period rather than solely in the hospital may achieve greater results at this vulnerable stage.

Future Directions

While the therapeutic utilization of the hedonic shift has great potential for success in older

adults with HF, it is a concept that may be widely applicable across populations. Presently,

however, more research is needed to confirm the hedonic shift occurs in older adults with
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HF and further elucidate its mechanistic complexities. Moving forward, we promote the

addition of salt taste affinity measurements to future HF and dietary studies as this important

and novel field is progressed. Salt taste threshold testing has become relatively simple to

measure, and several commercially available test strips and methodologies are now available

in which various test strips containing salt concentrations are sequentially placed on a

subject’s tongue, with corresponding taste characteristics readily measureable.68

Specifically, we advocate for 5 studies in order to advance the concept of the hedonic shift

from theory to practice:

1. Age-specific study of salt taste in older adults with HF—comparing salt taste

characteristics between older adults without HF, younger adults with HF, and older

adults with HF (controlling for comorbidities that accompany the HF phenotype).

2. Evaluating the characteristics of the hedonic shift across age ranges, relevant

comorbidities as well as racial and ethnic groups (accounting for cultural food

preferences).

3. Assessing the hedonic shift as a therapeutic intervention in HF—evaluating the

effect of sodium restricted diet on hedonic shift and subsequent dietary practices in

patients with HF.

4. Elucidating the mechanisms behind the hedonic shift—animal and in vitro

evaluation of taste mechanisms after sodium restriction.

5. Quantification of hedonic shift characteristics—determining length required for the

shift to occur, duration of action, and levels of sodium restriction required to induce

the hedonic shift.

Conclusion

In summary, the hedonic shift represents an exciting possibility for a therapeutic dietary

intervention in older adults with HF. In the preceding manuscript we have made the case

that non-adherence to sodium restricted diet is an important contribution to HF

hospitalizations and adverse HF outcomes in older adults, in part owing to compromised salt

taste and higher salt affinity that occurs with age related changes. When sodium restriction

induces changes in an individual’s salt taste that consequently reduces salt affinity, the result

may be improved dietary adherence to sodium restricted diets. Future studies are needed to

clarify the characteristics of the hedonic shift, elucidate its mechanism, and evaluate its

effectiveness as a successful intervention in older adults with HF.

Abbreviations

CV Cardiovascular

HF Heart Failure

HTN Hypertension

LV Left ventricular
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AAS Renin-angiotensin-aldosterone system
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Figure 1.
Theoretic representation of Hedonic shift induced changes in salt intake, salt affinity and

sodium restricted dietary adherence patterns with salt restriction over time
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Figure 2.
Normative pathway versus Hedonic shift intervention in Older Adults with heart failure
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Table 1

Causes of taste loss in the elderly

Cause Example

High frequency

 Oral hygiene deterioration and infection Gingivitis, periodontitis, candidiasis, sialadenitis

 Oral appliances Dentures, prosthetics, fillings

 Diminished olfactory sensation Sinusitis, neurodegenerative disease

 Chemical exposure Prolonged smoking

 Dental procedures Extractions, root canals

 Nutritional deficiency Vitamin B12, Zinc

 Medications See Table 2

Moderate frequency

 Malignancy Oral cancer, skull cancers

 Endocrine disorders Diabetes mellitus, hypothyroidism, Adrenal insufficiency

 Head trauma

 Radiation to head and neck

Low frequency

 Epilepsy Gustatory aura

 Migraines Gustatory aura

 Sjogren’s syndrome
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Table 2

Common medications causing taste dysfunction

Medication Class Specific Agent

Antibiotics Ampicillin, azithromycin, ciproflozacin, clarithromycin, ethambutol, metronidazole, quinolones, sulfamethoxazole,
tetracycline, trimethoprim

Antifungals Griseofulvin, terbinafine

Antihistamines Chlorphenamine, loratadine, pseudoephedrine

Anti-inflammatory Beclometasone, budesonide, olchicine, dexamethasone, fluticasone priprionate, gold, penicillamine

Anti-neoplastic Cisplatin, carboplatin, cyclophosphamide, doxorubicin, fluorouracil, levamisole, methotrexate, tegafur, vincristine

Antivirals Acyclovir, amantadine, gancyclovir, interferon, oseltamivir, zalcitabine

Cardiac Amiodarone, amiloride, captopril, diltiazem, enalapril, hydrochlorothiazide, losartan, nifedipine, nitroglycerin,
propagenone, propranolol, spironolocatone, statins

Endocrine Carbimazole, levothyroxine, pancrelipase, propylthiouracil, thiamazole

Neurologic Amphetamine, anticholinergics, baclofen, carbamazepine, dantrolene, dexamphetamine, dihydroergotamine mesilate,
levodopa, methylphenidate, phenytoin, sumatriptan topiramate, zolpidem

Psychotropic Alprazolam, amitriptyline, buspirone, clomipramine, clozapine, desipramine, doxepin, flurazepam, imipramine, lithium,
nicotine, nortriptyline
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Table 3

Salt taste characteristics—measurement and implications

Taste Characteristic Definition How it is measured Clinical/Practical Implications

Sensitivity Capacity to identify
the flavor of salt

Using detection threshold,
recognition threshold and
suprathresholds as below

Specific and quantifiable features provide metric
for evaluating salt taste

 Detection threshold Minimum amount of a
taste stimulus that can
be detected

Applying increasing
concentrations of a stimulus to
tongue until any taste is
recognized

Defines lower threshold of a salt stimulus; can
readily be compared between groups

 Recognition threshold Minimum amount of a
taste stimulus that can
be identified as a salty
taste (i.e. as opposed to
sweet)

Applying increasing
concentrations of a stimulus to
tongue until salty taste is
recognized

Adds salt specificity to detection thresholds in
order to isolate this particular sense

 Suprathreshold sensitivity Degrees of a taste
stimulus above a given
threshold level

Assigning ranks or ratings to a
given stimulus in proportion to
a comparison stimulus

Resembles real-world diets in which salt contents
are greater than detection and recognition
thresholds; allows for measurement of degrees of
saltiness

Preference General inclination
toward one taste over
another

Rating how frequently one
would want to consume a given
salt concentration on a regular
basis

Accessible for study subjects, but multifactorial
etiology makes interpretation difficult

Appetite Drive to consume salt Quantification of salt
consumption in an unrestricted
population

Comprised of intrinsic and extrinsic causes,
difficult to isolate and study
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