Influence of number of drugs on olfaction in the elderly*
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Background: The etiology of age-related olfactory loss is still unclear, but it has been claimed that polypharmacotherapy may
contribute to olfactory dysfunction, particularly in the elderly, who are more likely to need multiple drugs. The present pilot study
investigated the relationship between smell and the number and type of drugs taken in a group of elderly.

Methodology: 50 elderly volunteers (=65 years old) who were healthy from the sinonasal standpoint (SNOT 22<1) and had no
cognitive impairments [Mini Mental State Examination (MMSE) > 18] were administered the Screening 12 test® and tested on their
n-butanol olfactory threshold. Their olfactory performance was then connected with the number and type of drugs participants
used.

Results: The mean age of the included volunteers was 74+7 years. No association emerged between odor identification and num-
ber of drugs taken. The number of drugs taken correlated directly with a worse olfactory threshold and with a worse MMSE score,
meaning a worse cognitive status. Odor identification significantly worsened with age. Comparing those volunteers taking only
one drug known to not influence olfaction with another sub-group of volunteers taking five or more drugs, it was evident that
subjects taking only one drug scored significantly better in olfactory threshold test and MMSE, and marginally better in olfactory
identification test. For what concerns the difference between male and female volunteers, no difference in olfactory test result
was shown, both for threshold and identification. Univariate analysis showed a direct correlation between the consumption of cal-
cium channel blockers, B-blockers, acetylsalicylic acid and olfactory threshold, meaning a worse sense of smell. Acetylsalicylic acid
also correlated inversely with odor identification, meaning again a worse sense of smell, and so did potassium-sparing diuretics.
Multivariate analysis showed that MMSE scores correlated with a better sense of smell, that is a lower olfactory threshold, and that
a-blockers and acetylsalicylic acid negatively affected olfactory threshold, meaning a worse sense of smell. Acetylsalicylic acid also
correlated inversely with odor identification, meaning again a worse sense of smell.

Conclusions: The number of drugs taken demonstrated to be significantly correlated with a worse olfactory threshold and worse
MMSE. Larger studies on elderly volunteers are needed to confirm these preliminary findings.
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Introduction of smell, showed that olfaction in women is better than in men
Olfaction is very important for orientation, feeding and hazard through all ages®. Olfactory loss in elderly will be an increasin-
recognition. Sadly, our sense of smell decreases with age: half gly severe problem as the global population grows older, with
of the US population between the ages of 65 and 80 years, the numbers of people over 65 expected to double in the US, for
and about 75% of those over 80 years old experience olfactory instance, by 2030 (based on US Census estimates)®9.

loss'. A recent European study, based on a cross-sectional The etiology of age-related olfactory loss is largely unknown.

survey, analyzing the learning process during life of the sense Aging itself naturally coincides with changes in the olfactory
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epithelium, more limited mucus secretions, and loss of olfactory
neurons secondary to a diminished capacity for their regenera-
tion®. An association between age, neurodegenerative disor-
ders, and olfactory dysfunction has recently been reported ©.
Another potential reason for olfactory dysfunction may relate to
people’s general health and the number and types of drugs they
take ©. As the elderly are the most exposed to multiple drug
consumption (given their higher morbidity rate)?, polypharma-
cotherapy may reasonably contribute to olfactory dysfunction

in this age group. Negative effects of drugs on chemosensation
have already been described, but most investigations on this
topic focused on taste, while there remains a dearth of informa-
tion regarding the sense of smell ©'".

Since no definitive conclusions can be drawn as yet on the role
of drugs “possibly” or “probably” influencing olfaction in altering
the sense of smell in humans, the present study was designed to
test the olfactory threshold and odor identification of a cohort
of elderly volunteers in order to elucidate the relationship
between their olfaction and the number and types of drugs they
were taking.

Materials and methods

Study population

The present investigation was conducted in accordance with
the 1996 Helsinki Declaration and was approved in 2016 by our
Sections in-house committee. Written informed consent was
obtained from each volunteer before starting any study-related
procedure. All volunteers enrolled in the study were asked to
complete the SNOT 22 questionnaire!? and the Mini Mental
State Examination (MMSE) (with scores ranging from 0 to 30)"?.
The crude MMSE scores were adjusted for age and formal educa-
tion using the coefficients proposed for the Italian population®,
All volunteers enrolled were >65 years old.

Study design

The main exclusion criteria adopted for the present investiga-
tion were: previous sino-nasal surgery, allergic or non-allergic
rhinitis/rhinosinusitis (score > 1 in the SNOT 22)41% smoking,
a history of previous post-viral loss of smell, head trauma, cogni-
tive impairment (MMSE score < 18)""% a diagnosis of diabetes or
hypothyroidism(®. Heavy drinkers (defined as daily consumers
of 5 or more standard alcoholic beverages containing 14 grams
of pure alcohol each for men, and 4 or more for women, accor-
ding to the definition of the National Institute on Alcohol Abuse
and Alcoholism), individuals on chemotherapy, or diagnosed
with cancer or previously treated with head and neck radiothe-
rapy were also ruled out. Other exclusion criteria were long-term
treatments with aminoglycosides or tetracycline, and any use

of opioids, cannabinoids or sildenafil, which are known to affect
olfaction®.
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Figure 1. The frequency of the correct answers at the Screening 12 test®,

separately for males and females.

Outcomes

Screening 12 test®7'® and Sniffin’ Sticks n-butanol olfactory
threshold subtest*2% were performed from each volunteer.
Age, sex, height, weight, body mass index (BMI), and both the
number and the types of drugs being taken were also recorded.
Olfactory performance was then correlated with the number
and type of drugs participants used.

Statistical analysis

Linear regression models were used to examine the influence of
the number of drugs taken on a participant’s olfactory thres-
hold and odor identification, taking the effect of other variables
available into account. A simple regression model was used to
assess the univariate effect of the number of drugs on both the
olfactory threshold and odor identification. A multiple regres-
sion model was also developed, including all the variables
considered (number of drugs, sex, age, height, BMI, and MMSE
score). The variables for the model were selected by means of

a regression on all subsets®?”, a method that identifies the best
model in accordance with the Akaike information criterion (AIC).
The goodness of fit and the validity of the model were ascer-
tained by means of a graphical analysis of the residuals and the
computation of appropriate indices (y? test F).

A Welch test was used to evaluate the differences in olfactory
outcomes between males and females. The same test was used
to analyze the olfactory outcome differences between a sub-
group taking only one drug known to not influence olfaction
and another sub-group of volunteers taking more than 5 drugs.
A p-value < 0.05 was considered statistically significant. All
analyses were run using the R language and environment for
statistical computing (R Foundation for Statistical Computing,
Vienna, Austria).

Results

A cohort of 50 elderly volunteers (35 females, 15 males; mean
age 74+7 years) was recruited at Padova University Hospital (see
Table 1 for detailed clinical and demographic characteristics).
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Table 1. Clinical, demographic variables of the cohort of volunteers, separated for males and females.

Males (n=15) Females (n=35)
Variable Range Normal value SD Range Normal value p-value*
Age (yr) 73 6.9 66-86 = 75 7.5 65-91 - 0.2911
Height (cm) 175 8.1 163-186 - 160 5.2 147-170 = <0.0001
Weight (kg) 79 9.6 60-96 = 63 13.6 41.6-106 = <0.0001
BMI 26 2.8 22.3-30.5 = 25 54 17.6-44.1 = 0.3135
Number of drugs taken 4 1.4 1-11 - 4 2.5 1-11 - 0.5821
Olfactory identification 10 1.4 7-12 11.33+0.4867 10 1.3 7-12 11.4440.5367 0.9298
Olfactory threshold 4 1.7 1.5-6-5 7.15+3.5968) 5 1.5 1.5-7.5 7.44+3.5169 0.1016
MMSE 29 0.9 28-30 27.0+£2.413 28 25 21-30 27.0+£2.403 0.0101

Adjusted Mini Mental State Examination (MMSE). Body mass index (BMI). * Welch test

Table 2. Univariate analysis: correlations between olfactory threshold and odor identification with the demographic/clinical variables considered.

Parameters No. of drugs MMSE Weight (kg) Height (cm) BMI Age (yrs) Sex
r’=0.22 r’=0.02 r’=0.06 r’=0.03 r’=0.015 r’=0.06 r’=0.06
Qe e p=0.0003 p=0.15 p=0.08 p=0.13 p=0.38 p=0.09 p=0.08
r’=0.008 r’=0.05 r’=0.02 r’=0.02 r’=0.02 r’=0.12 r’=0.0003

Qe elmiieEen p=0.53 p=0.13 p=0.37 p=0.78 p=0.39 p=0.01 p=0.9

Adjusted Mini Mental State Examination (MMSE). Body mass index (BMI).

Table 3. Multivariate regression model: correlations between olfactory threshold and MMSE score (r’=0.02, p=0.15) (Table 2). Statistical
threshold and the demographic/pharmacological variables considered. analysis revealed an inverse correlation between age and odor
identification (r>=0.12, p=0.01), but ruled out any correlation

Coefficients between the other variables considered (sex, weight, height,
Estimate Std.Error  tvalue BMI) and either olfactory threshold or odor identification (Table
(Intercept) 0.84791 2.96516 0.286 0.776 2).
BMI -0.08354 0.04264 -1.959 0.057 To study the effect of the drugs on olfaction in the elderly,
MMSE 0.22261 0.10466 2127 0.039 ideally we would have preferred to have a control group
a-blockers -1.80306 0.84006 22,146 0.038 composed from volunteers not taking any medication. Anyway,
Saifians 0.81235 0.48588 1672 0.102 this condition is very difficult to obtain in elderly, so we built a
Blauniereies 157107 078277 2,007 0.051 control sub-group of ten volunteers taking only 1 medication
e —— known to have no influence on olfaction and a study sub-group
drugs +1.30764 044553 kS L of volunteers taking more than 5 medications. The group taking
Biguanides 1.42327 0.74372 1914 0.063 >5 drugs showed a significantly worse olfactory threshold

(p=0.00047) and a marginally significant worse olfactory identi-

Adjusted Mini Mental State Examination (MMSE). Body mass index (BMI).  fication score (p=0.08) (Figure 2a and 2b, respectively). Further-
more, the group taking >5 drugs showed a significantly worse
MMSE score (p=0.007) (Figure 2¢).

Figure 1 reports the frequency of the correct answers of the Analyzing the relationship between the types of medication
Screening 12 test®. being taken and participants’ sense of smell, univariate analysis
Although no association was found between odor identification showed a correlation between a worse olfactory threshold and
and the number of drugs being taken (p=0.53), there was a cor- the consumption of calcium channel blockers (r>=0.10, p=0.02),
relation between the number of drugs taken and both a worse -blockers (r’=0.09, p=0.03), and antiplatelet drugs, namely
olfactory threshold (r’=0.22, p=0.0003) and a worse MMSE score acetylsalicylic acid (r>=0.18, p=0.0012). Acetylsalicylic acid was
(r’=0.11, p=0.012). No correlation emerged between olfactory also found correlated with a worse odor identification (r?=0.09,
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Figure 2. A: Boxplot of olfactory threshold by number of drugs taken. B: Boxplot of odor identification by number of drugs taken. C: Boxplot of MMSE

by number of drugs taken. D: Boxplot of odor identification by sex. E: Boxplot of olfactory threshold by sex.

p=0.04), and so were potassium-sparing diuretics (r>=0.12,
p=0.01). Neither olfactory threshold nor odor identification
correlated significantly with dicumarolics (p=0.10 and p=0.85,
respectively), a-blockers (p=0.12 and p=0.20), renin-angiotensin
system inhibitors (p=0.87 and p=0.23), sartans (p=0.93 and
p=0.85), benzodiazepines (p=0.41 and p=0.61), statins (p=0.09
and p=0.39), proton pump inhibitors (p=0.06 and p=0.86), or
vitamin D (p=0.37 and p=0.44). There were also no correlations
between odor identification and calcium channel blockers
(p=0.82), B-blockers (p=0.83), or between olfactory threshold
and potassium-sparing diuretics (p=0.05).

No differences were observed between males and females
neither on odor identification nor on olfactory threshold (Figure
2d,e; Table 1).

The multivariate analysis conducted with a model involving all
available variables to assess their influence on olfactory thres-
hold showed that MMSE score, a-blockers, and acetylsalicylic
acid significantly influenced participants’ sense of smell in terms
of their olfactory threshold (Table 3). In particular, the above-
mentioned drugs correlated with a worse olfactory threshold
(p=0.04 and p=0.005, respectively), while the MMSE score
correlated with a better olfactory threshold (p=0.04). When the
multivariate analysis was conducted with a model involving all

available variables to test their influence on odor identification,
only acetylsalicylic acid revealed a significant inverse correlation
(p=0.006).

Discussion

Polypharmacotherapy can be associated with an increased

risk of adverse effects®?. Elderly people more frequently need
several different types of medication because of their higher
likelihood of suffering from more than one clinical disorder!'%23,
The reported prevalence of polypharmacotherapy in the elderly
ranges from 13% to 92%®. In particular, critically-ill elderly
patients in hospitals and nursing homes are likely to take from
4 to 9 different drugs a day""®. Among the adverse outcomes as-
sociated with polypharmacotherapy, olfactory dysfunction has
also been reported®,

Probably the most interesting finding of the present study,
conducted on a group of elderly volunteers with medium-to-
high MMSE scores and healthy sinonasal conditions, was that
the number of different drugs they were taking correlated with a
lower olfactory performance in the meaning of higher olfactory
threshold. This result was confirmed when we compared the
two sub-groups of volunteers with different number of medi-
cations taken. In fact, we found that the sub-group of subjects
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taking only 1 drug known to not influence olfaction showed a
significantly better olfactory threshold than the other sub-group
(taking more than 5 drugs) and a marginally better olfactory
identification. Although the number of drugs taken correlated
with a lower MMSE score, and this was also confirmed dividing
the population in the two sub-groups based on the number of
drugs consumed (Figure 1¢), in our study population there was
no correlation between MMSE score and olfactory performance
(possibly owing to the small number of volunteers considered).
There was, however, a significant correlation between MMSE
score and better olfactory performance in the meaning of olfac-
tory threshold on multivariate analysis, possibly justified by the
fact that both parameters are usually age-related. In particular,
with increasing age, the number of drugs taken usually rises and
cognitive status usually declines. That only multivariate analysis
revealed a correlation between MMSE score and olfactory thres-
hold might be justified by the fact that, in order to be eligible for
the present study, volunteers had to score more than 18 in the
MMSE. The mean MMSE in our sample was actually 28/30, indi-
cating a very high cognitive status and relatively little variance"?
across the group investigated.

Interestingly, unlike olfactory threshold, odor identification
correlated with age, but not with drug consumption. This may
be because olfactory thresholds exhibit a greater variance than
odor identification scores, and the former reflect peripheral
damage to the olfactory system more effectively than the latter.
Finally, no associations came to light on univariate analysis
between olfactory function and sex, weight, height or BMI.
When these variables were included in a multivariate analysis,
BMI showed to be marginally significant, though not quite at
the 5% level, on affect olfactory threshold (p=0.057) (Table 3).
There is a paucity of literature on this matter and the picture is
still unclear. A relatively recent study conducted on 24 young
university staff members and students found that individuals’
olfactory threshold for n-butanol was better when fasting, and
that participants with a lower BMI had a greater olfactory sen-
sitivity than those with a higher one?®. The authors concluded
that their findings confirmed those of a study by Richardson
and coworkers in obese subjects®? in which subjects with a BMI
>45 had significantly lower odor identification scores than those
with a BMI <45.The latter authors had suggested that either ol-
factory dysfunction had a role in the development of obesity, or
morbid obesity was a factor in the decline in olfactory function
in these individuals®. In this regard, recent studies found that
about one in four morbidly obese patients were hyposmic and,
after laparoscopic bariatric surgery, obese patients experienced
a significant improvement in olfactory function®*?. There are
still no clear explanations for the pathophysiological mechanis-
ms behind these findings'>29, although a relationship between
olfactory modulation and nutritional status has been suggested
in rodents®. In line with the above reports, BMI correlated with
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olfactory function (in terms of olfactory threshold) on multivari-
ate analysis in our study too, although it was conducted not on
obese people, but on a group of elderly individuals with a mean
BMI of 25.5 (range 17.6-44.1).

At univariate analysis, both olfactory threshold and odor iden-
tification were influenced by some of the drugs taken by our
sample population, while at multivariate analysis only olfactory
threshold correlated significantly with some of the drugs in-
volved. The types of medication that influenced olfaction were:
potassium-sparing diuretics, antiplatelet drugs, a- and 3-bloc-
kers, and calcium channel blockers. It may be that potassium-
sparing diuretics interfere with olfactory receptor (OR) activity
because ORs comprise a large class of G-protein-coupled recep-
tors that, once activated, are capable of triggering neuronal ac-
tivity®. As ORs are responsible for olfactory sensitivity, enabling
us to discriminate between a variety of volatile and soluble mo-
lecules®), if potassium-sparing diuretics are able to influence io-
nic homeostasis at this level, they may also negatively influence
OR activity, and the olfactory threshold as a result. In our group
of elderly volunteers, antiplatelet drugs (acetylsalicylic acid) also
negatively influenced both odor identification and olfactory
threshold. Analyzing our study population in more detail revea-
led, however, that the subgroup of volunteers taking antiplatelet
drugs was significantly older (mean age 79 as opposed to 72

for the subgroup not using this drug) (p=0.004), and this age
difference might reasonably explain this finding. Little is known
about the effect of a- and 3-blockers on olfaction. The presence
of dopamine receptors in the olfactory neurons suggests that
odor sensitivity may be modulated by neurotransmitters at this
level. In fact, catecholamines are released into the mucus overly-
ing the olfactory epithelium and have been found to modulate
odor sensitivity via D2 dopamine receptors in rat®?. A recent
study by Lotsch and co-workers® on a large sample identified an
association between antagonistic targeting of the adrenoceptor
a 1A (ADRA1A) - such as a 1 adrenoceptor-blocking agents - and
higher olfactory scores. It has been demonstrated that ADRATA
is the most common target among all those affected by the
drugs reportedly influencing human olfaction, and it has been
suggested that adrenergic activation enhances inhibitory trans-
mission in the olfactory system. This is consistent with the anec-
dotal observation of a reversible disruption of the sense of smell
after administration of the a-adrenoceptor agonist midodrine®.
Given the effect of midodrine on human olfaction, a vasocon-
strictive effect on the nasal mucosa, leading to dysosmia and
then to a perceived dysgeusia, has also been hypothesized®".
Olfaction is reportedly impaired by a-blockers in crickets.
Pharmacological noradrenergic receptor blockade may interfere
with aversive memory recall in olfactory conditioning®?. It has
also been demonstrated that modulation of the noradrenergic
system can affect odor recognition by influencing odor memory
in mice®¥, Finally, anosmia has been reported in humans taking
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B-blockers®. Though this is still only a speculation, it is reaso-
nable to accept ADRA1A as a possible candidate drug target of
relevance to human olfaction®, The present analysis also iden-
tified calcium channel blockers as being significantly correlated
with a higher olfactory threshold (worse olfactory performance),
and previous reports had described similar findings©?.
Although the present study indicated that some drugs affect
olfactory sensitivity, we have to acknowledge that it concerned
a relatively small number of volunteers, so no definitive conclu-
sions can be drawn as yet. In particular, the effects of a-blockers
on olfaction contrast with the findings of a previous study

by Lotsch and coworkers on a large cohort of subjects®. This
apparent discrepancy may be due both to the smaller sample
considered in our study, and to the different approach used to
assess the effects of these drugs on olfaction.

Conclusion

In conclusion, in the present study on a group of sinonasally
healthy elderly volunteers, the number of drugs taken showed a
significant correlation with both a worse olfactory performance
(in terms of olfactory threshold) and worse MMSE scores. This

investigation found that some drugs influence odor identifi-
cation and/or olfactory threshold, but these results should be
considered with caution, partly because elderly people’s drug
consumption is usually a medical necessity and unavoidable,
and partly because more studies on larger samples of elderly
volunteers are needed to explain some discordant results in the
literature on this very intriguing and important topic as olfac-
tory dysfunction has been demonstrated to induce a depressive
and anxiolytic state, at least in mice ©9.
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