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14.9 million peopleinthe UK were over 60 years oldin 2014, with estimates projected toincrease to
21.9 million people by 2039 [1]. Within this total, the number of individuals aged over 85yearsis
estimated to grow even more —from 1.5 million people aged over85yearsin 2014 reaching 3.6
million by 2039 [1]. It is not only the UK who has an aging population: the proportion of the world’s
population aged over 60 yearsis expectedtoincrease from 12% in 2015 to 22% by 2050 [2].Such
aging populationsresultfromincreased life expectancy, bringing individuals and their families
opportunities unavailable 20-30years ago. Similarly, the greater life expectancies anticipated in the
next 30 years will provide new and different opportunities than the ones of today. For individuals to
make the most of theirlongerlives, good healthis essential, especially for maintaining
independenceand playingan active role in family and community life. However, achallenge to
prolonging good healthis associated with changesin autonomicnervous system function,
characterized by shifts towards sympatheticand away from parasympathetic prevalence [3]. This
resultingimbalance in autonomicfunction can be detrimental to heart function, gut function,
emotion, mood and quality of life, playing asignificant partinthe development of age-related
conditions, such as heartfailure [4], hypertension [5] and depression [6]. To treat these conditions,
pharmacological therapies are typically used, some of which have limited effectiveness, are
associated with side-effects andlead to a population-wide dependence on medications. Therefore,
thereisan urgentneedtofind a way that allows peopleto lead healthy older lives whilst avoiding
the use of pharmacological and invasive therapies. Stimulating the vagus nerve without surgery may
be one way of achieving this.

The vagus nerve, originating in the brainstem, supplies many organsinthe body, therefore makingit
asingle therapeutictarget with potentially widespread effects. Itis amain source of the
parasympatheticbranch of the autonomicnervous system, which seeks to maintain homeostasis
within the body butisalso criticallyimportantin sensory signaling. Traditionally, stimulation of the
vagus nerve (VNS), by surgically implanting agenerator unitand administering electrical impulses to
the left cervical vagus, has been used to treat refractory epilepsy and treatment resistant
depression. However, as surgery is necessary and side-effects have been reported [7], the viability of
using this form of VNS to prolongthe period of healthy agingis unclear.
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Fortunately, the vagus nerve has asmall sensory distribution at the cutaneous earthrough the
auricularbranch of the vagus nerve (ABVN) [8]. The ABVN can be stimulated non-invasively by
applying small, pain-free electrical impulses (i.e. pulse width around 200 ps, frequency around 30 Hz
and current 2-4 mA) to specificauricular dermatomes thoughtto be innervated by the ABVN (usually
the tragus, concha or cymba concha). This transcutaneous VNS (tVNS) is relatively inexpensive: just
the cost of a transcutaneous electrical nerve stimulator (TENS) machine and modified auricular
electrodestoattach the TENS to the ear. More importantly, itis simple to administer, enabling
individuals to administer it themselves, in theirown homes; a majoradvantage consideringthe
mobility and physical challenges that occur with older age.

Research exploring how tVNS impacts the physiological health of individuals is beginning to show
that itcould have positive effects foraging populations. A single 15-minute session of tVNS, albeitin
young healthy volunteers, significantly reduced sympatheticnerve activity [9] and improved
measures of vagal tone [10]. Interestingly, the most pronounced improvements in autonomic
balance occurred inindividuals who had higher sympathetic prevalence at baseline [9], suggesting
that tVNS may be of particular benefit forolderindividuals who show this autonomicimbalance.
Interestingly, asingle 15-minutesession of tVNSin healthyvolunteers aged 255 years was also
associated withimprovementsinautonomicfunction [11]. These improvements appeared to be
distinct from autonomic changes associated with sham stimulation (machine turned off without
participant knowledge): tVNS was associated with greaterincreases in baroreceptor reflex sensitivity
[11] and lower sympathetic prevalence compared to sham [9]. In addition, when administered for 15
minutes every day fortwo weeks, tVNS improved measures of autonomic function, with response to
tVNS becoming more pronounced afterthe two-week period [11].

As well as benefitting healthyolderindividuals, tVNS holds potential for patients with age-related
conditions. Forinstance, ABVN stimulation for 15 minutes every day fortwo weeks inindividuals
with coronary artery disease improved exercise tolerance and reliance on vasodilator medication
[12]. Thereisalso evidence that tVNS has anti-inflammatory effects; an important quality given that
pro-inflammatory mechanisms strengthen with aging. Forinstance, in individuals with paroxysmal
atrial fibrillation, tVNS significantly reduced plasma levels of TNFa, a pro-inflammatory cytokine,
along with atrial fibrillation [13]. In addition, inflammatory responsesin the left ventricle of arat
model of heartfailure were significantly reduced after4weeks of tVNS [14]. Therefore, age-related
conditions characterized by chronicinflammation may be important targets for future tVNS trials.
Potential conditions include heart failure with reduced ejection fraction, diabetes, hypertension,
irritable bowel syndromes and chronic pain conditions. Furthermore, due toincreasinginterestin
and limited effective treatments for heart failure with preserved ejection fraction (HFpEF), tVNS
could be a potential treatment modality. Of course, careful consideration should be made of control
groups and control arms. Thisis because the perceptible quality of tVNS and controversyinthe
literature about which nerves actually innervate the auricular dermatome make it difficult to
determine avalid control and toimplement double-blinding.

As well as having positive effects on physiological health, there isincreasing support forthe role
tVNS could play in enhancing psychological well-being. Two weeks of daily tVNS in healthy older
individuals significantly improved aspects of mood, including depression, tension and vigor [11]. The
effects on depression may be far-reaching: tVNS applied fortwo weeks [15] and one month [16] in
patients with depression significantly reduced depression scores. Thesefindings are noteworthy
giventhe prevalence of depression, and other mood disorders (e.g. anxiety), inthe olderage-groups.
Deteriorationsin cognitive ability are alsoa common feature in the aging process. Fortunately, tVNS
has been shown to enhance associative memory in olderindividuals [17], the recognition of



emotions [18] and divergent thinking [19]. Togetherthese findings provideincreasing support for
using tVNS to combat some of the age-related changesin psychological and cognitive impairments.
Indeed, itwould be prudent to explorethe impact of tVNS in Alzheimer’s Dise ase, particularly for
individuals who are experiencing the initial stages of memory loss.

As individuals age, they are often caughtin the throes of deteriorating sleep quality. Since sleep
playssuchan importantrole in health, mood and cognitive function, it could be a key target for
tVNS. Ourrecent evidence suggests that aspects of sleep can be improved with tVNS: forindividuals
who had low sleep quality and difficulties falling asleep and waking up, two weeks of daily tVNS was
associated withimprovements [11].

In conclusion, research clearly shows that tVNS has considerable potential to positively impact aging
populations. Use of tVNS could delay the progression of age -related conditions for olderindividuals
who want to maintaintheirgood health, thereby prolonging the period of healthy aging.
Additionally, forthose who have underlying age -related health conditions (e.g. diabetes,
hypertension, depression, anxiety, insomnia etc.), tVNS could aid with symptom management,
thereby reducingthe severity of their symptoms, and reliance on medications and healthcare
utilization. In turn, this could enable older populations to live a healthier longer life that maximizes
theirindependence, enablingthem to engage with opportunities that are presented to them.
Positive effects on widersociety and the healthcare system could also be realized. With further
research, the diversity of age-related conditions tVNS can helpand the role it can playin healthy
aging will be realized.
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