Age-related changes in oral and nasal physiology and their
significance in aroma release and perception
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Abstract

With aging comes many physiological changes, including those in the oral and nasal
cavity, such as impaired olfactory function, reduced salivary flow and compromised
dental status and function [1-3]. These changes may impact on aroma release and flavour
perception, and subsequently the enjoyment of foods, leading a risk of undernutrition.
This review aimed to summarise current literature on how olfaction is affected by aging,
the major physiological parameter in flavour perception. With the worldwide projected
increase in the older population, the economic and social burden of undernutrition is
expected to be severe. Tackling this issue is of interest to both clinical practice and
industry, as there is potential for new products to be developed which meet the needs and
sensory preferences of this specific, increasing population.

Introduction

Due to socioeconomic development people are living longer than ever [4]. For
example, somebody born in Japan in 2015 was projected to live until 90 years old, this is
compared to only 83 years if born in 1985 [4]. Although extra years are added to life,
unavoidable changes in sensory capacity may reduce functionality and life quality. It is
well documented that aging is associated with a decline in both vision and hearing[4];
however, a lesser acknowledged sensory impairment, is the sense of olfaction.

Discussion
Importance of olfaction

Olfactory impairments have been proposed to be a key contributor in the aetiology
of “anorexia of aging” [5, 6] a term which alludes to the high prevalence of undernutrition
within the older adult population. The “anorexia of aging” leads to multifaceted clinical
conditions, such as frailty and sarcopenia, which are common among frail older persons,
and are related to many comorbidities and ultimately an increased risk of mortality [5].

Olfaction is a key contributor to the anorexia of aging due to the impact it may have
on hunger and appetite [7] and on reducing nutritional quality and altering dietary habits
[8]. For example, Duffy et al. (1995) [9] found that older women (aged 65 to 93 years)
with olfactory dysfunction had lower interest in food-related activities (i.e. cooking) and
Aschenbrenner et al. (2008) [10] found that more than one-third of patients with olfactory
loss reported changes in their social food-related activities. In terms of altered nutritional
quality, Duffy et al. (1995) [9] found that olfactory impairments led to a lower preference
for foods with predominant sour/bitter taste such as fruits and vegetables, and higher
intake of sweets. Such evidence is supported by the work of Griep et al. (1996) [11] who
found that older individuals with olfactory impairments had lower nutrient intake levels
than older individuals with good odour perception. One recent study has suggested that
community dwelling older adults with impairments in sensory perception, including
olfaction, are at a greater risk of frailty [12] due to decreased appetite and food intake. It
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has been suggested that weight loss is more frequent in individuals with olfactory
impairments [8, 10, 13, 14]; Gopinath et al. (2012) [14] found that BMI was significantly
lower in participants with, than without, olfactory impairment. Weight loss is a significant
problem in the population of older adults as it can lead to muscle wasting, decreased
immunocompetence and increased rate of complications, along with being highly
predictive of morbidity and mortality [15]. Thus olfactory impairments have been
proposed to be predictive of overall mortality, over a 5 year period [14]. Schiffman and
Graham (2000) [16] also drew attention to how undernutrition itself may be a risk factor
for olfactory impairments as deficiencies in the B Vitamins Niacin and Vitamin B12 and
Zinc impair olfactory function [14], so it is easy to understand how undernutrition may
become exacerbated and maintained.

Prevalence of age-related olfactory impairment

The prevalence of impaired olfactory function in the older adult population is high.
Using a smell identification test, Doty et al. (1984) [17] conducted a cross-sectional study
in 1955 individuals and found that 60% of those aged 65-80 were experiencing major
olfactory impairments. More recently, Murphy et al, (2002) [18] conducted a population-
based study with 2491 individuals aged 57-93 years. They found the prevalence of
olfactory impairment to be 24.9% and also that the prevalence increases with age; within
the population of 80- to 97-year-olds, 62.5% were experiencing olfactory impairments.

Causes of age-related olfactory impairment

The cause of olfactory impairments is likely to be multi-factorial, involving age-
related alterations within the nose, olfactory epithelium, olfactory bulb and higher levels
of the brain that receive olfactory input [1, 19, 20]. The complex causes of age-related
olfactory impairment are discussed in detail in the review by Doty and Kamath, (2014)
who summarised potential contributing factors to be: altered nasal engorgement and
airflow, increased propensity for nasal disease, cumulative damage to the olfactory
epithelium from viral and other environmental insults, decrements in mucosal
metabolizing enzymes, ossification of cribriform plate foramina, loss of selectivity of
receptor cells to odorants and changes in neurotransmitter and neuromodulator systems.
A potential genetic contribution to odour identification ability has also been identified
[21, 22].

There is a strong association between olfactory impairment and age-related
neurodegenerative disease, such as Alzheimer’s and Parkinson’s disease. Olfactory
impairments can be an early symptom of these diseases, which Doty and Kamath, (2014)
[1] proposed to be due to expression of aberrant proteins. The significance of these
proteins was shown by Wilson et al, (2007) [23], who found inverse correlations between
Brief Smell Identification Test (B-SIT) scores obtained before death and the post-mortem
density of neurofibrillary tangles. In another study, Wilson et al, (2011) [24] found an
inverse relationship between B-SIT scores and post-mortem measures of Lewy bodies in
limbic and cortical brain regions. This evidence suggests that olfactory impairment in
older adults in not confined to structural changes within the nose, but its aetiology is likely
to involve higher brain structures.

Lastly, the influence of medications should be taken into account. Many drugs used
to treat age-related conditions, such as antihypertensive medications and statins, are
known to affect both taste and smell [20]. A comprehensive discussion of these
medications and diseases can be found in Schiffman and Zervakis (2002) [20] who states
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that older adults experience an exaggerated burden of chemosensory disorders from these
medications, compared to younger individuals.

Aroma- specificity of age-related olfactory impairment

While older adults experience an impairment in their olfactory function, only a few
studies have investigated how their perception of single aroma compounds changes with
aging. In a large survey involving 1.2 million National Geographic readers, Wysocki and
Gilbert (1989) [25] reported differences in the rate of age-related olfactory loss to six
odorants. More recently, Seow et al, (2016) [26] conducted a study using The Specific
Sensitivity test involving 281 participants of various age groups. They tested the
identification rates and detection thresholds of 10 odorants, with various chemical and
sensory properties, and found large differences in detection thresholds for some odorants,
between age groups. For example, participants in their 70s had a detection threshold 179
times higher than the young for the rose-like aroma compound phenylethyl alcohol,
whereas for the onion-like aroma compound 2-methyloxolane-3-thiol, the threshold was
only 3 times higher. Interestingly, they also found that the older subjects had higher
identification rates if they rated the odorants as pleasant. This is supported by Wysocki
and Gilbert (1989) [25] who found no age effect for the intensity rating of galaxolide
(which may be considered a pleasant aroma), whereas a 26% age decline was observed
for methanethiol (which could be considered an unpleasant aroma). These findings are is
in contrast to Konstantindis et al, (2006) [27] who found that, unlike pleasant odours,
unpleasant odours were not sensitive to age-related olfactory loss.

In an effort to explain the physiological phenomenon of aroma-specific age-related
loss, Sinding et al, (2014) [28] investigated if there was a difference in age-related odour
perception between aroma molecules with heavy and light molecular weights, based on
the idea that the molecules would bind differently to olfactory receptors. They found that
older adults experience olfactory loss more specific to heavier molecules, suggesting that
aroma-specific age-related loss bears connection to the molecular structure of individual
aroma molecules.

Considering these findings on age-related aroma-specific sensory loss, it is
reasonable to conclude that it is not simply the case that older adults perceive flavour at
a weaker intensity, it is likely that their overall flavour perception becomes distorted as
the contribution made by individual aroma compounds to a flavour mixture is altered.

Previous food-based aroma strategies to counteract olfactory changes

To endeavour to combat the effects of olfactory impairments in older adults, a
reasonable response undertaken is to modify the aroma in food in an effort to counteract
impairments, and ultimately improve food liking and intake. Many studies have
investigated this, however, results have not been consistently successful. For example,
Koskinen, et al, (2003) [29] heightened the aroma in a yogurt-like fermented oat bran
product and found that older adults liking and intake of the product was lower, when
compared with the regular product. Considering that olfactory loss is aroma-specific [25-
27], heightening of aroma may have distorted flavour perception [26], and may explain
why some panellists reported an “artificial flavour”.

Future approaches and conclusion

In order to combat age-related olfactory impairments, more tailored aroma-

modification strategies are needed. Seow et al, (2016) [26] stated that, in order to design

targeted remedies for the effects of chemosensory losses (including olfaction), it is
imperative to first gain insight on the extent of olfactory loss to specific single aroma
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compounds. Developing foods which meet the sensory needs of the aging population is a
challenging and complex task, but considering the social and economic burden of
undernutrition, it is a vital challenge to overcome.
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