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ACTUAL DEFINITIONS OF “POLYPHARMACY”

In a recent systematic review about the concept of polypharmacy, Masnoon 
et al. 1 have found 138 definitions of this term. The 80.4% of these evaluate 
just the daily number of drugs, the 10.9% associate it with the duration of 
therapy and only the 6.4% consider the degree of appropriateness of the 
poly-pharmacological treatment implemented. In the definitions based ex-
clusively on the numerical criterion, there is a wide variability in the range 
of this parameter and of the qualitative terms associated with it, such as 
“minor”, “moderate”, “major”, “excessive” or “severe”. The most commonly 
used criterion is the one that considers “Polypharmacy” as the intake of at 

The progressive aging of the population is a widely documented figure 
worldwide. Just as most individuals can lead longer lives, it is equally 
true that most of them experience a period of their life, specifically that 
of older age, characterized by the coexistence of multiple diseases. The 
growing number of elderly people with multimorbidity entails the need 
of treatment regimens that require the simultaneous administration of 
multiple drugs, in complex therapy regimens. This represents a real 
medical challenge, intended to an ever-increasing impact in the years to 
come. “Polypharmacy”, generally understood as the simultaneous use 
of multiple drugs in the same patient, is obviously the rational response 
to the treatment of complex pathological pictures in aged individuals. 
Conversely, this polypharmacy implies a growing concern regarding the 
inappropriate and not strictly necessary simultaneous intake of a large 
number of drugs. This situation can lead to an actual change in the 
benefits of each single drug towards adverse effects, when it is taken 
in combination with other drugs, in complex and prolonged therapeutic 
regimens. This is precisely the “heart” of the clinical problem of poly-
pharmacy and the adverse effects it causes. These considerations are 
particularly felt in the Ear-Nose-Throat (ENT) field, in which the spe-
cialist, generally lacking an adequate doctrinal and clinical background 
in gerontology and geriatrics, is called to evaluate and treat complex 
pathological pictures that embrace and overlap in conditions of mul-
timorbidity, in regime of polypharmacy. The following displayed order 
will be adopted to discuss this complex issue: current definitions of 
polypharmacy, current concepts of clinical pharmacology of the elderly, 
polypharmacy in ENT clinical practice and in the secretory senescence 
of head-neck structures.
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least 5 drugs per day, statistically followed by a more re-
strictive criterion, which raises this value to least 6 drugs 
per day. Two systems can be identified among the ones 
that combine the daily number of drugs taken with the 
temporal number of the duration of their usage. The first 
(“long time use”) considers “Polypharmacy “ taking only 
2 drugs per day, if this has occurred for at least 240 days. 
Conversely, with regimens that consider the intake of at 
least 5 drugs per day, the “Polypharmacy” occurs after 
at least 90 continuous days of use. Studies that deal with 
the degree of “appropriateness” of the polypharmacy 
implemented regime are a minority, representing only 
6.4%. Polypharmacy is considered adequate when it 
leads to the optimisation of medications for patients with 
complex and/or multiple conditions, where medicine us-
age agrees with best evidence, while it is defined inap-
propriate in case of duplication of medications, drug-
drug interactions, medications used to treat the side 
effects of other medications, and medications which are 
unnecessary for a specific patient. 
Wastensson et al. 2 have created a graphic framekork 
relating to the clinical consequences of polypharmacy 
in the elderly (Fig. 1).
Among the 110 studies taken into consideration by 
Masnoon et al. 1, only 4 (3.6%) use coded parameters 
to evaluate the appropriateness of the polypharmacy, 
such as the “Beers Criteria”. The latter are edited by 
the American Geriatrics Society (AGS) for Potentially 
Inappropriate Medication (PIM) Use in Older Adults 3, of 
which a very recent update is available.
A wide use of these criteria is also recommended by the 
ENT specialist. 
In conclusion, at present it can be said that it does not 
exist any standard definition of what polypharmacy 
constitutes. In general, polypharmacy can be defined 
as a count of drugs and had to include some kind of 
clinical judgments about the quality/appropriateness 
of polypharmacy. When polypharmacy is defined as a 
simple count of the number of drugs, a cut-off of five or 
more concurrently is most frequently used.

CURRENT CONCEPTS OF CLINICAL 
PHARMACOLOGY FOR THE ELDERLY

The knowledge of the clinical pharmacology of the 
elderly patient needs the clarification of the main as-
pects that characterize it 4. These include: age-related 
changes in pharmacokinetics and pharmacodynamics, 
drug interactions (drug to drug interactions) and, at last, 
drug-disease interactions (drug to disease interactions).

AlterAtions of the phArmAcokinetic 
These affect all the phases of the pharmacokinetics of 

drugs: absorption, distribution, metabolism, and elimi-
nation. The presence and severity of any frail condition 
is an important risk factor for any adverse drug reac-
tions related to changes in pharmacokinetics  5. The 
pharmacokinetic alterations of absorption concern 
the intake of oral medications. Indeed, with advanc-
ing age, numerous changes in the physiology of the 
gastro-intestinal tract occur. Variations in pH may be 
due to the establishment of atrophic gastritis and/or to 
the ever-increasing use of pump inhibitors drugs. Gas-
tric emptying is delayed, as well as both the intestinal 
motility and the number of intestinal cells functionally ef-
ficient for absorption are reduced. Intestinal blood flow 
is cut down by about 30% compared to young age. 
It is also important the decrease in the first-pass he-
patic extraction, that occurs with aging, resulting into a 
systemic bioavailability enhancement for drugs such as 
propranolol and labetalol, and a reduced bioavailability 
of some prodrugs such as enalapril and codeine, after 
oral administration 6. Distribution is another element of 
pharmacokinetics that significantly changes with age. 
Body fat, as a proportion of body weight, rises from 18 
to 36% in men, and from 33 to 45% in women from age 
20 to 70 years, whereas lean body mass decreases by 
19% in men and by 12% in women and plasma volume 
decreases by 8% from age 20 to 80 years. Total body 
water decreases by 17% from age 20 to 80 years, and 
extracellular fluid volume decreases by 40% from 20 to 
65 years of age. In addition, cardiac output declines of 
approximately 1%/year from age 30 years, and brain 
and cardiac vessel blood flow rates decline 0.35% to 

Figure 1. Framework for polypharmacy and conceptual clas-
sification of outcomes (from Wastesson  et al., 2018, mod.) 2.
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0.5%/year, respectively, beyond age 25 years. In addi-
tion, frailty and concurrent diseases may result in sub-
stantial changes in the serum concentrations of the two 
major drug-binding plasma proteins: albumin, which 
binds acidic drugs, decreases, whereas α1-acid glyco-
protein, which binds basic drugs, remains the same or 
rises. As a result of these factors, the volume of distri-
bution of water-soluble (hydrophilic) drugs is generally 
decreased and that of fat-soluble (lipophilic) drugs is 
increased. Moreover, changes in volume of distribution 
can directly affect the loading doses of medications. 
Decreases in serum albumin concentration can lead 
to a reduction in the degree of plasma protein binding 
of acidic drugs, such as naproxen, phenytoin, tolbuta-
mide, and warfarin, therefore increasing the unbound 
fraction of the drug. Increases in α1-acid glycoprotein 
because of inflammatory disease, burns, or cancer can 
lead to enhancement in the degree of plasma protein 
binding of basic drugs such as lidocaine, β-blockers, 
quinidine, and tricyclic antidepressants, thus reduc-
ing the unbound fraction of the drug. Plasma protein 
binding changes can alter the relationship of unbound 
(free) and total (unbound plus bound) plasma drug con-
centrations, making drug concentration interpretation 
more difficult. In these cases, the measurement of free 
plasma drug concentrations may be preferable to the 
usual dosage of total plasma drug concentrations  7. 
Permeability across the blood-brain barrier may also 
be altered in older adults, affecting distribution of drugs 
into the central nervous system (CNS). Cerebrovascular 
P-glycoprotein is responsible for the transport of drugs 
across the blood-brain barrier. As a result, the brain of 
older adults may be exposed to higher levels of drugs 8. 
Although drug metabolism can occur in numerous 
organs, most of the available data concern the effects 
of aging on the liver. Variations in drug metabolism and 
those resulting in altered drug clearance are a major 
source of variability in the response to medications in 
older adults. Hepatic metabolism of drugs depends on 
perfusion, liver size, activity of drug-metabolizing en-
zymes, transporter activity, and protein binding, all of 
which may be altered by aging 9. Age-associated reduc-
tions in hepatic blood flow can reduce the clearance of 
high hepatic extraction ratio drugs such as amitriptyline, 
lidocaine, morphine, diltiazem, and propranolol. 
Renal excretion is a primary route for the elimination of 
many drugs and their metabolites. Aging is associated 
with a significant reduction in renal mass, and number 
and size of nephrons. In addition, the glomerular filtration 
rate (GFR), tubular secretion, and renal blood flow de-
crease approximately of 0.5, 0.7, and 1%/year, respec-
tively, in those older than 20 years. At all ages, these three 
parameters are lower in women than in men 10. However, 
older adults are a heterogeneous group, with up to one 

third of healthy older adults having no decrement in renal 
function as measured by creatinine clearance, a surro-
gate for glomerular filtration. In addition, tubular secre-
tion and glomerular filtration may not decline in parallel. 
Changes in kidney function with aging may be associ-
ated with hypertension or heart disease rather than with 
aging itself. The estimation of creatinine clearance (CrCl) 
serves as a useful screen for renal impairment instead of 
the use of serum creatinine (SCr), which is an imperfect 
marker of renal function in older adults because of the 
reduction of muscle mass with advancing age (i.e., a nor-
mal serum creatinine level does not match with normal 
renal function in older adults). 
The most commonly used estimation equation for cre-
atinine clearance used for dosage adjustment in older 
adults is the Cockcroft and Gault equation:

where age is in years, actual body weight in kilograms, 
and serum creatinine concentration in milligrams per 
deciliter. For females, multiply the result by 0.85 11. 
The risk of adverse clinical consequences is likely in-
creased for drugs with a narrow therapeutic index 
(e.g., digoxin, aminoglycosides, chemotherapeutics). 
Consensus guidelines for oral dosing of primarily renally 
cleared drugs in older adults have been developed 12. 
Medications to avoid in older adults with CrCl lower 
than 30  mL/min include chlorpropamide, colchicine, 
cotrimoxazole, glyburide, meperidine, nitrofurantoin, 
probenecid, spironolactone, and triamterene. Oral 
medications with recommended dosage adjustments 
for reduced renal function in older adults include 
acyclovir, amantadine, ciprofloxacin, gabapentin, 
memantine, metformin, ranitidine, rimantadine, and 
valacyclovir. Dosage adjustment for renal impairment is 
easily accomplished once CrCl has been estimated us-
ing information provided in the package insert or other 
drugdosing reference sources. 

Altered phArmAcodynAmics

Most studies documenting age-related differences in 
pharmacodynamics have focused on medications act-
ing on the CNS and cardiovascular system. Theoreti-
cally, altered pharmacodynamics could be due to two 
basic mechanisms: a) altered sensitivity, because of 
changes in receptor number or affinity or changes in 
postreceptor response; b) age-related impairment of 
physiologic and homeostatic mechanisms. 
There are a lot of drugs for which there is reasonable 
documentation of altered drug sensitivity in older 
adults. There is evidence that older adults are less 
responsive to β-blockers and β-agonists  13. There is 
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also good evidence that older adults are more sensitive 
to the effects of benzodiazepines. Using psychomo-
tor testing, this has been established for diazepam, 
flurazepam, loprazolam, midazolam, nitrazepam, and 
triazolam 14. Enhanced sensitivity has also been dem-
onstrated for opioids, metoclopramide, dopamine 
agonists, levodopa, and antipsychotics. Age-related 
changes in pharmacodynamics have been reported 
for calcium channel blockers (increased hypotensive 
and bradycardic effects) and warfarin (increased risk of 
bleeding), but not with angiotensin-converting enzyme 
inhibitors or angiotensin receptor blockers 15. 
Physiologic and homeostatic changes in older 
adults may affect drug responses, altering baseline 
performance and the ability to compensate the effects 
of medications. Examples of homeostatic mechanisms 
that may become impaired with advanced age include 
postural or gait stability, orthostatic blood pressure re-
sponses, thermoregulation, cognitive reserve, bowel and 
bladder function 16. The loss of efficiency of homeostatic 
mechanisms puts older adults at risk of symptomatic 
orthostasis and falls (antihypertensives, antipsychotics, 
and tricyclic antidepressants), urinary retention and con-
stipation (drugs with anticholinergic properties), falls and 
delirium (with virtually every sedating drug) and accidental 
hypothermia or heat stroke (neuroleptics). Medications 
are a common contributor to geriatric syndromes such 
as falls, delirium, functional decline and constipation 17.

drug-drug interActions

Drug-drug interactions can be defined as the resulting 
effect or consequence that one drug has on another 
when co-administered 18. The two major types of drug-
drug interactions include pharmacokinetic interactions, 
wherein drug absorption, distribution, metabolism, and 
excretion are affected, and pharmacodynamic interac-
tions, wherein pharmacologic effects are altered. Drugs 
may also interact with food, nutritional status, herbal 
products, alcohol, and preexisting disease  19,20. Drug 
interactions involving drug distribution are primarily 
related to altered plasma protein binding. Although a 
number of drugs may displace other drugs from plasma 
protein–binding sites, especially acids such as salicylate, 
valproic acid and phenytoin, this type of drug interaction 
is rarely clinically significant. Inhibition of renal clearance 
of one drug by another drug can also result in clinically 
significant effects  21. Many of these drug-drug interac-
tions involve competitive inhibition of tubular secretion of 
anionic or cationic drugs. Cationic agents include ami-
odarone, cimetidine, digoxin, procainamide, quinidine, 
ranitidine, trimethoprim and verapamil. Anionic agents 
include cephalosporins, indomethacin, methotrexate, 
penicillins, probenecid, salicylates and thiazides.
Drug interactions with herbal and over-the-counter 

(OTC) products are frequently overlooked. In one 
series, 52% of all moderate- or high-risk interactions 
occurred between prescription drugs and herbal and/
or OTC products. The interaction potential of herbal 
products is enhanced because of frequent contamina-
tion with heavy metals and adulteration with prescrip-
tion drugs (e.g., nonsteroidal anti-inflammatory drugs 
[NSAIDs], corticosteroids, psychotherapeutics, and 
phosphodiesterase-5 inhibitors, such as sildenafil)  22. 
Some drugs may alter the response of another drug 
and produce adverse effects (pharmacodynamic in-
teractions). A good example of this is the synergistic 
effect of taking more than one anticholinergic agent 
concurrently, which can result in delirium, urinary reten-
tion, constipation, and other problems. Other exam-
ples include additive bradycardia when β-blockers are 
administered concurrently with verapamil or diltiazem, 
additive hypotension when several antihypertensives 
are administered concurrently and sedation or falls 
when several CNS depressants (e.g., benzodiazepines, 
sedative-hypnotics, antidepressants, neuroleptics) are 
administered concurrently. 
Drug interactions can also be considered in a broader 
sense when they involve medications that can affect 
and can be affected by disease states (drug-disease 
interactions). Older adults are at higher risk for adverse 
outcomes with drug-disease state interactions because 
of alterations in homeostatic mechanisms, decreased 
physiologic reserve, and multiple comorbidities. Avoid-
ing inappropriate medications, and identifying medi-
cation-related adverse events and drug interactions, 
coupled with patient participation, can have favorable 
effects on patient outcomes 23. Expert panels in United 
States have developed guidelines to identify potentially 
clinically important Drug-Disease State interactions  3. 
Implicit criteria, such as the Screening Tool of Older 
Person’s Prescriptions (STOPP) and the Screening 
Tool to Alert doctors to Right Treatment (START), may 
be more advantageous when applying patient specific 
characteristics 24-26.
In conclusion: polypharmacy increases the risk of ad-
verse drug reactions and hospitalizations in geriatric 
patients. Rational deprescribing in the elderly of 
anticholinergics, benzodiazepines, antipsychotics, opi-
oids, and proton pump inhibitors in selected patients 
may be a good first step to reducing this risk 27.

POLYPHARMACY IN OLDER PATIENTS  
WITH OTOLARYNGOLOGIC DISEASES

In older people with otolaryngologic complaints, the 
impact of polypharmacy/overmedication causes sig-
nificant problems in the following clinical conditions: 
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balance disorders, xerostomia, sialorrhea, dysphagia, 
laryngo-pharyngeal reflux, sinusitis, and post-nasal 
drip  28. The most common impact of overmedication 
in older adults is the impact on balance, predisposing 
affected patients to falls. 
In 2010, the American Geriatric Society and the Brit-
ish Geriatric Society published a Clinical Practice on 
Prevention of falls – AGS/BGS-CPG recommenda-
tions 29. These guidelines identify a set of Multifactorial 
or Multicomponent Interventions to Address Identified 
Risk(s) and Prevent Falls. Among these interventions 
the Minimization of Medications is of primary impor-
tance. Medications have consistently been associated 
with risk of falls. The strongest risk associations occur 
with psychotropic medications and polypharmacy. The 
strongest evidence supports withdrawal of psycho-
tropic medication, as a single intervention and as a 
component of multifactorial and multicomponent inter-
vention. If discontinuation of a particular high-risk medi-
cation is not possible because of medical conditions, 
dose reduction should be considered. Although some 
clinicians believe that selective serotonin reuptake in-
hibitors (SSRIs) are generally safer to use in older adults 
than tricyclic antidepressants, in terms of fall preven-
tion, evidence is building that SSRIs increase fall risk as 
much as the older tricyclic antidepressants. Reduction 
of psychotropic medication as a single intervention has 
been found to reduce fall rate, whereas assessment, 
adjustment, and discontinuation of medication regi-
mens as part of a multifactorial intervention have also 
been found to be effective in reducing falls.

polyphArmAcy in older pAtients And secretory 
senescence

The most important clinical aspects in this area essen-
tially concern the rhino-sinusal district and, above all, 
that set of anatomical and functional structures involved 
in swallowing. As with all systems in the body, the nose 
and paranasal sinuses change with aging. Presbyna-
salis refers to the constellation of gross and cell-level 
changes that occur in the aging sinonasal tract 30. The 
immune system (mucosal and systemic) becomes less 
responsive with age, a process known as immunose-
nescence. The incidence of rhinorrhea increases as 
the population ages. Though nasal volumes increase 
with age, other age-related changes may result in the 
perception of increasing nasal obstruction with age. A 
recent publication 31 examined the prevalence of clear 
anterior rhinorrhea in the population of Pittsburgh by 
means of cross-sectional survey. Rodriguez & coll. 
discovered that 72% of older participants (average 
age 85 years) reported daily nasal drip and only 8% of 
younger participants (average age 20 years) reported 
the same. The older patients were also more bothered 

by nasal drip and would be more likely to seek treat-
ment for the issue, particularly those patients with 
more frequent dripping. The effects of the autonomic 
nervous system are also involved. The influence of the 
sympathetic nervous system increases with age, but 
there is decreased sensitivity of the alpha- and beta-
receptors and the overall net effect may be a decrease 
in sympathetic tone, as compared to the more constant 
parasympathetic tone. This would be expected to lead 
to an increase in glandular activity 32. There is significant 
alteration in the mechanics of the aging nose, resulting 
in perturbation of airflow. These effects, again, appear 
to be multifactorial, with no single change explaining all 
of the effects. Disruption in expected nasal cycle varia-
tion would be another age-related change contributing 
to the feeling of congestion in the elderly, possibly due 
to the increased risk of drying  33. There are no pub-
lished studies correlating nasal and sinus complaints 
with medication usage, hence this paragraph should 
be interpreted as “expert opinion.” All otolaryngologists 
encounter patients on a daily basis with complaints of 
sinus or postnasal drip and these may be caused by 
medications. Anticholinergic and diuretic medications 
impair mucociliary function by reducing the sol layer 
of the mucus blanket. Reductions in this layer lead to 
ciliary dysfunction and mucus stasis. When this mucus 
reaches the posterior choana, it may adhere to the 
pharyngeal mucosa and be perceived as postnasal 
drip. A common observation by otolaryngologists is that 
patients who complain of postnasal drip typically have 
dry, adherent mucus rather than excessive amounts 
of mucus. Topical anticholinergic medications (ipratro-
pium) are effective in reducing the copious amounts of 
clear nasal drainage in vasomotor rhinitis, often referred 
to as “senile drip”, but do not reduce symptoms for 
the patient with common sensation of postnasal drip. 
Moreover, treatment with antihistamines and nasal 
steroid sprays are often not beneficial, may even exac-
erbate symptoms and lead to bleeding because of the 
drying effect on nasal mucosa. It is worthwhile periodi-
cally stopping these medications as an empiric trial.

polyphArmAcy And sAlivAry secretory disorders

The effect of medications on swallowing function is 
often underappreciated. Otolaryngologists who evalu-
ate patients with swallowing disorders often encounter 
patients with swallowing difficulties caused by diuretics, 
anticholinergics, or centrally acting sedatives. Because 
swallowing functional reserve decreases with increasing 
age, even minimal impairment of lubrication or motor 
coordination can tip relatively normal swallowing func-
tion into dysphagia. Xerostomia is a frequently encoun-
tered sequelae of taking medications with anticholiner-
gic effects. The main clinical problem of polypharmacy 
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in secretory senescence in Otolaryngology is, in fact, 
represented by the role of drugs in causing disorders 
of salivary secretion. “Too many medications – not 
enough saliva”: it is the significant title of a recent 
paper by David Ebling, which effectively summarizes 
the enormous clinical significance of this problem 34. In 
recent years, complete rewiews have been published 
on the subject, which are also easily available and on 
the web. Salivary Secretory Disorders, Inducing Drugs, 
and Clinical Management  35 is a review of 2015, avail-
able at: https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC4615242/pdf/ijmsv12p0811.pdf.
Very important are the three rewiews sponsored by the 
World Workshop on Oral Medicine VI:
1 World Workshop on Oral Medicine VI: a systematic 

review of medication-induced salivary gland dys-
function: prevalence, diagnosis, and treatment 36; 

2 World Workshop on Oral Medicine VI: a systematic 
review of medication-induced salivary gland dys-
function 37;

3 a guide to medications inducing salivary gland dys-
function, xerostomia, and subjective sialorrhea: a 
systematic review sponsored by the World Workshop 
on Oral Medicine VI 38 (https://link.springer.com/con-
tent/pdf/10.1007/s40268-016-0153-9.pdf).

CONCLUSIONS

The polypharmacy problem has a significant impact 
in the clinical management of the geriatric patient with 
polymorbidity. It includes important aspects of daily 
clinical practice in ENT, with important implications in 
the field of secretory senescence. This topic involves 
multi-disciplinary knowledge and is worthy of a wider 
monografic paper.
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