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Abstract: The use of anticholinergic medications is increasing in younger ages, yet information about
xerostomia, the most common anticholinergic side effect, is limited. This case—control retrospective
study examines the relationship between anticholinergic medication-induced xerostomia and caries
status among adults between 18 and 65 years of age. The study sample comprised 649 cases with
xerostomia and 649 age- and gender-matched controls. The anticholinergic burden was estimated
using the anticholinergic drug scale (ADS). Caries experience was recorded by calculating the
Decayed, Missing, Filled Tooth (DMFT) index. Individuals with xerostomia had a higher mean
DMEFT index (16.02 = 9.50), which corresponded with a higher level of anticholinergic exposure from
medications (3.26 & 2.81) compared to their age and gender-matched controls without xerostomia
(13.83 + 8.83 and 1.89 + 2.45, respectively). Logistic regression analysis verified the effects of DMFT,
the total number of AC medications, and the ADS burden on xerostomia status. Comparing adults
with or without xerostomia revealed statistical differences in several risk factors, such as smoking,
diabetes, sleep apnea, and the utilization of anticholinergic medications. A personalized dental care
plan should include the evaluation of the anticholinergic burden from medications regardless of the
patient’s age to prevent increased caries severity.
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1. Introduction

Xerostomia and salivary gland dysfunction can be associated with the consumption
of medications, salivary gland diseases, autoimmune diseases (primary and secondary
Sjogren’s syndrome), psychological factors, radiation, and chemotherapy [1]. The subjective
sensation of dry mouth is xerostomia, a symptom that the patients perceive [2], and it may
or may not be accompanied by hyposalivation [3]. According to a systematic review and
meta-analysis, the overall prevalence of xerostomia among all age groups is estimated to
be 23% [4]. In adults aged 20-59 years, a prospective study reported 11% of xerostomia
prevalence [5].

Saliva secretion covers the intraoral tissues and eliminates food debris and bacteria by
swallowing. Decreased saliva secretion and xerostomia commonly manifest in speaking,
swallowing, and chewing difficulty [6-8]. Intraoral dryness contributes to oral discomfort,
altered taste, increased risk of oral infections, and substantially reduced quality of life [9-11].
Previous clinical studies have shown that reduced saliva flow increases the occurrence of
caries. In xerostomia patients, carious lesions frequently have a rapid onset and progression,
despite good oral hygiene [12]. Consequently, the higher tendency to rampant, recurrent
caries may lead to early tooth loss.

Drug-induced xerostomia has been attributed to a wide range of mechanisms. The
most commonly accepted mechanism is that medications block the actions of muscarinic
receptors in the salivary glands [13]. Polypharmacy, defined as the regular use of at
least five medications, is widely known as the primary cause of xerostomia, affecting
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one in five patients in the United States [14]. Polypharmacy is most commonly reported
in adults over 65 years. In addition, medication-induced xerostomia and its destructive
effects on oral health are almost exclusively described in the context of older adults [15].
Increasing usage of multiple medications in younger rather than older adult age groups [16]
brought greater attention to polypharmacy-related issues. An increasing number of young
adults are exposed to polypharmacy in various diseases such as respiratory, mental health,
cardiometabolic, endocrinological, osteometabolic, and chronic pain [17]. Younger adults
diagnosed with primary headaches are also exposed to high polypharmacy comparable to
the older age groups [18]. Combining multiple anticholinergics is more likely to induce
xerostomia [19]. However, data for medication-induced xerostomia in adults younger than
50 years of age are rare to encounter.

More than 600 drugs have anticholinergic properties [20]. Most commonly prescribed
medications with significant anticholinergic activity as unwanted side effects include
antihistamines, antispasmodics, antidepressants, and antipsychotics. Prolonged exposure
to commonly prescribed medications confers a detectable anticholinergic burden [21] on
the body. Anticholinergic burden measured [22] using anticholinergic scales estimates the
cumulative effect of taking one or more drugs capable of causing the anticholinergic adverse
effect. The anticholinergic drug score (ADS) [23] expressed the overall anticholinergic
impact of medications and was used in dental studies previously [24,25].

The purpose of this study is to gain information about anticholinergics drug use
among non-geriatric adults. The aim of the present study was to retrospectively compare
the caries status of young- and middle-aged individuals with and without anticholinergic
medication-induced xerostomia.

2. Methods

The study protocol was approved by the University of Rochester Research Subjects Re-
view Board (RSRB No. 00003301, 19 February 2019). The study was planned in accordance
with the Declaration of Helsinki and the United States Federal Policy for the Protection of
Human Subjects. Adult patients from 18 to 65 years who received a dental examination at
the Department of Dentistry, Eastman Institute for Oral Health, Rochester, NY, between
April 2010 and January 2019 were eligible to be chosen for the study in the case and control
groups. Accordingly, individuals with self-reported xerostomia represented the cases,
and all controls were matched by age and gender to cases. Four investigators reviewed
the electronic medical (eRecord @Epic Systems Corporation, Verona, Italy) and dental
records (axiUm®, version 7.08.03.110) of eligible patients based on previous agreements
about the eligibility criteria, collection method of study variables, recording data, and
data interpretation.

The study inclusion criteria were: (1) available xerostomia status (the subjective
feeling of oral dryness, based on a question in patients’ medical history form; (2) age
from 18 to 65 years; and (3) available current medication list (verified through electronic
health records of the patient). The prescription list of medications was checked using the
Anatomical Therapeutic Chemical (ATC) classification to avoid the underestimation of
medication utilization based on self-reports by the patients. The exclusion criteria were the
following: (1) Sjogren’s syndrome or other (autoimmune) salivary diseases affecting the
salivary glands; (2) history of head and neck radiation as well as radioiodine treatment;
and (3) prescribed cholinergic agonists.

Sample size calculation resulted in a minimum number of 233 cases as well as controls,
which achieves 80% power to detect the 0.04 non-inferiority difference between the two
groups at a significance level of 0.05. We extracted the maximum available data within
the EIOH Axium electronic system, which exceeded the minimally sufficient sample size.
Patients with recorded xerostomia status were eligible to be selected as cases. The dental
charts of 649 adult patients who answered “Yes” to the question, “Do you have dry mouth?”
were included for data collection. A gender- and an age-matched group of 649 adult
patients who responded “No” to the same question were selected randomly and included
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as controls in the study. The caries status of the patients was obtained from electronic
dental charts. We used the DMFT—decayed (D), missing (M), or filled (F)—tooth index to
assess cumulative caries experience retrospectively. Previous studies examining xerostomia
frequently used the DMFT index to assess the caries rates and reported an association
with the severity of xerostomia [26-28]. In addition, other oral health data were collected
as the total number of teeth, status of edentulism, use of dentures, smoking, and dry
mouth treatment.

Anticholinergic exposure was quantified as the cumulative effect of anticholinergic
drugs using the Anticholinergic Drug Scale (ADS). ADS is an expert opinion-derived
risk scale based on a radioligand assay to measure in vitro anticholinergic activity of
anticholinergic drugs. We calculated the ADS score of each participant through the modified
ADS method [29], which consists of an updated and dose-weighted list of 536 medications;
419 medications ranked 0 with low potency, and 117 medications have a numerical ranking
between 1 (potentially anticholinergic) and 3 (markedly anticholinergic).

Statistical Analysis

Descriptive statistical analysis was completed to report means and standard devi-
ations of age, sex, smoking, edentulism, total number of medications, total number of
anticholinergic drugs, and ADS. SPSS (version 28, IBM, Chicago, IL, USA) was used to
analyze the data. Frequency tables were created for all the categorical and dichotomous
variables distinguishing patients with and without xerostomia status and examined using
the Pearson’s Chi-squared test. Mean and standard deviation were calculated for the
continuous variables. The normality of the data was analyzed using the Shapiro-Wilk test.
Comparisons were made between cases and controls using the Wilcoxon Signed Rank test.
The impact of DMFT, total number of medications, total number of anticholinergic medi-
cations, and ADS on xerostomia status was analyzed using binary logistic regression. We
considered potential confounders and covariates and included demographic information
such as age and race, medical conditions, allergies, sleep apnea, total number and type
of medications, and total number of anticholinergic medications. The statistical level for
significance was set at 0.05 for all the tests.

3. Results

Demographics, summarized in Table 1, showed that the study population broadly
represented the EIOH community regarding race and ethnicity. The matching variables
defined a similar proportion of sex and age. The case and control groups showed statistically
different racial distributions.

Table 1. Demographics and descriptive analysis of the dental status and caries risk factors of n = 1298
adults under age 65 (Chi-squared, Wilcoxon Signed Rank tests).

Xerostomia Control
(n = 649) (n = 649)
Age (years)
Mean 47.53 47.32
SD 11.78 12.08
Gender (%)
Female 72.63 72.26

Male 27.37 27.74
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Table 1. Cont.

Xerostomia Control
(n = 649) (n = 649)
Race (%) p <0.001
White 60.40 4391
Black 17.10 24.65
NA 22.50 31.44
Smoking (%) 45.92 33.89 p <0.001
Diabetes (%) 22.68 16.48 p <0.05
Sleep apnea (%) 10.79 4.47 p <0.001
Wearing dentures (%) 55.47 16.79 p <0.001
Complete edentulous (%) 10.48 8.01
D; number of decayed teeth
Mean 1.86 1.5 p <0.001
SD 3.35 2.76
M; number of missing teeth
Mean 7.65 6.16 p <0.001
SD 8.89 7.50
F; number of filled teeth
Mean 6.62 6.32 p <0.001
SD 5.45 5.47

The self-reported xerostomia rate in women was approximately three times higher
than that in men. We evaluated the distribution of factors that are often associated with
xerostomia. Smoking, diabetes, and sleep apnea showed a statistically significant higher
prevalence in the xerostomia group compared to the controls. Denture wearing was
associated with xerostomia status, although complete edentulism appeared with similar
distribution in both study groups. The examination of caries statuses is summarized
in Table 1; the mean value for all components—number of decayed, missing, and filled
teeth—was significantly higher in patients who self-reported on xerostomia.

The observed frequencies of various diseases and medical conditions in which anti-
cholinergic medications are most often prescribed are summarized in Figure 1.

Statistically significant differences in neurological, psychiatric, obstructive respiratory,
and gastrointestinal diseases show higher frequencies in the xerostomia group. We noticed
differences in anticholinergic medication usage (Figure 1). Patients with xerostomia (mean
of the total number of anticholinergic medications 4.95 £ 3.38) were taking significantly
more anticholinergic medications for neuro-psychiatric and cardiovascular diseases, as well
as for obstructive airway (such as asthma or chronic obstructive pulmonary) diseases com-
pared to the controls (mean of the total number of anticholinergic medications 2.85 + 2.83).
The utilization of antihistamines reflected a significantly higher rate among xerostomia
patients. Anticholinergics in opioid and urinary spasmolytic categories were evenly dis-
tributed among the xerostomia and control groups. Comparisons of the anticholinergic
burden measured in ADS resulted in patients in the xerostomia group with significantly
higher anticholinergic scores. While low scores (Table 2) (ADS < 3) were more frequent
within the control population (mean of 1.89 & 2.45), high scores (ADS > 3) were calculated
within 52.8% of the xerostomia group (mean of 3.26 + 2.81).
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Figure 1. (a) Occurrence of medical conditions often treated with anticholinergic medications in the
case and control groups. (b) Most frequent classes of medications with anticholinergic properties
(x? test comparisons with ** p-value < 0.05 and *** < 0.001).
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Table 2. Prevalence of low, medium, and high anticholinergic drug scores (ADS).

Xerostomia (n = 649) Control (n = 649)
ADS Number of Cumulative Number of Cumulative
patients frequency patients frequency
ADS <3 low 287 45.6 421 70.2
3<ADS<6 medium 215 79.7 121 90.4
ADS > 6 high 128 100 58 100

The occurrence of polypharmacy (taking at least five prescription medications) was
examined in stratified age groups in Table 3.

Table 3. Proportions of polypharmacy and anticholinergic polypharmacy. Comparison of observed
frequencies in each age category was completed using the Chi-squared test (p-value).

Age Group

18-35 Years 36-50 Years 51-65 Years

Control Xerostomia Control Xerostomia Control Xerostomia
(n=121) (n=122) (n=192) (n =203) (n =337) (n =324)

Polypharmacy

44

81 117 170 216 280

p =0.007 p=0.042 p=0015

Anticholinergic
polypharmacy

44 47 118 98 185

p <0.001 p <0.001 p <0.001

In the youngest age group (18-35), polypharmacy was two times more frequent, and
anticholinergic polypharmacy was three times more frequent in patients with xerosto-
mia than in those without it. Similarly, we found a significantly higher proportion of
polypharmacy and anticholinergic polypharmacy in the younger and middle-aged groups.
A significant difference was detected in DMFT between patients with and without xerosto-
mia (Figure 2) using a t-test, (1202) = 4.16, p < 0.001. The mean DMFT for patients with
and without xerostomia was 16.02 + 9.50 and 13.83 + 8.83, respectively, with a significant
difference of 2.20 DMFTs (95% CI: 3.23, 1.16).

A binary logistic regression (Table 4) was performed to ascertain the effects of DMFT,
the total number of medications, the total number of AC medications, and the ADS burden
on xerostomia status (Y/N). The model was statistically significant, x*(4, n = 1298) = 136.09,
p < 0.001. The Hosmer-Lemeshow test showed that the model fitted the data well, p = 0.338.
DMFT, the total number of medications, and the total number of AC medications are
significant predictors. Accordingly, adding each AC anticholinergic medication increases
the odds of having xerostomia by 50% (OR = 1.50), and each DMFT increases the odds of
having xerostomia by 2% (OR = 1.02).

Table 4. Results of binary logistic regression.

Term

Coefficient SE Coef 95% CI Z-Value p-Value VIF

Constant

—0.842 0.140

(—1.116,

0.569) ~6.03 0.000

Total number of

medications

-0.112 0.0186

(—0.148,

—0.075) -5.99 0.000 3.45
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Table 4. Cont.

Term Coefficient SE Coef 95% CI Z-Value p-Value VIF
Number of 0.389 0.046 (0.299, 0.480) 8.48 0.000 447
anticholinergics
DMFT
(D+M +F) 0.0188 0.007 (0.005, 0.033) 2.67 0.008 1.03
ADS 0.0272 0.037 (—0.045, 0.099) 0.74 0.461 2.14
Odds Ratio 95% CI
Total number of medications 0.894 (0.862, 0.928)
Number of anticholinergics 1.477 (1.349, 1.616)
DMFT (D + M + F) 1.019 (1.005, 1.033)
ADS 1.028 (0.956, 1.105)
Wald Test
Source DF Chi-Squared p-Value
Regression 4 136.09 0.000
Total number of medications 1 35.89 0.000
Number of anticholinergics 1 71.85 0.000
DMFT (D+M + F) 1 7.12 0.008
ADS 1 0.54 0.461
Abbreviations: SE Coef, standard error of the coefficient; CI, confidence interval; VIF, variance inflation factor,
DMFT, decayed, missed, filled tooth; ADS, anticholinergic drug scale; DF, degrees of freedom.
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Figure 2. DMFT, number of medications, number (#) of anticholinergic medications, and ADS in the
xerostomia and control groups. (Mann-Whitney U tests, boxplots represent the median and quartiles,
*** p-value < 0.001).
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4. Discussion

Our case—control clinical study with a sample of 649 patients with xerostomia and
649 age- and gender-matched controls examined the relationship between anticholinergic
medication-induced xerostomia and caries status among adults between 18 and 65 years of
age. Our findings indicated significant differences in anticholinergic medication burden be-
tween the case group of adults with xerostomia and the control group. Polypharmacy and
anticholinergic polypharmacy were more frequently observed in patients with xerostomia.
Individuals with xerostomia had higher caries rates and a higher level of anticholinergic
exposure from medications compared to their age and gender-matched controls without
xerostomia. Logistic regression analysis confirmed that DMFT, the total number of AC
medications, and the ADS burden significantly affected the xerostomia status. Comparisons
between case and control groups revealed statistical differences in risk factors, such as
smoking, diabetes, and sleep apnea, as well as in the utilization of anticholinergic medica-
tions. We found that increased caries prevalence and a higher ADS score are associated
with increased xerostomia risk.

Our study reveals a statistically different caries status among younger or middle-aged
individuals with and without xerostomia related to medication number and anticholiner-
gic burden. In a previous pilot study investigating middle-aged xerostomia patients, we
reported increased caries prevalence, reflecting the estimated level of anticholinergic medi-
cation exposure. Anticholinergic medications can severely compromise salivary secretion
and reduce saliva’s protective actions. Clinical studies have shown that a reduced saliva
flow rate increases caries experience [6]. Saliva contains considerable amounts of calcium
and phosphate, which decrease hydroxyapatite’s solubility, the tooth substance’s primary
component. The salivary bicarbonate increases the pH and buffer capacity of the saliva. It,
therefore, plays a role in inhibiting tooth demineralization caused either by bacterial acids
or free acids in drinks and foods by decreasing the solubility of hydroxyapatite [30]. Cari-
ous lesions in xerostomia occur with a rapid onset and progression, and they are frequently
seen in the cervical areas of teeth. Denture wearers were more commonly identified in the
xerostomia group, which was not yet reported in the literature.

Anticholinergics are the largest group of xerostomia-inducing medications, interfering
with the parasympathetic signaling responsible for saliva secretion [13,31]). Over 600 med-
ications have the potency to inhibit the secretion of the salivary glands, which are the
most sensitive target organs of anticholinergics. The growing tendencies in medication
usage show that polypharmacy increased by 70% [14], and anticholinergic exposure from
medications has grown significantly [32]. Anticholinergic medications are common among
older adults, and the prevalence of xerostomia was statistically significantly higher in
patients using anticholinergic medications [8]. Moreover, a meta-analysis of 26 studies [33]
concluded that the risk for xerostomia increases upon combining those medications.

Polypharmacy, expressed in total or anticholinergic medications, was two or three
times higher, respectively, in the xerostomia cohorts of young ages. Our data are con-
firmed by an earlier investigation [34], which reported a significant association between
increasing xerostomia risk and the number of medications used. The total number of medi-
cations in our xerostomia group was comparable to a recent publication of patients over
65 [35], which could be explained by the compromised general health status of the patients
with medication-induced xerostomia in our study. We collected data from our safety-net
providers committed to community service and equitable health care; therefore, a signifi-
cant percentage of our patient population is medically complex and underserved. A recent
study [36], mainly including men of 20-99 years with xerostomia diagnosis, also revealed
a correspondingly high polypharmacy rate (75%) when compared to our study (80%).
Additionally, the authors reported a strikingly similar average number of medications as
we found in our xerostomia group.

We measured ADS to explore the anticholinergic burden, but comparable available
data about the anticholinergic exposure of the younger population are minimal. Less than
half of the control patients scored ADS = 0 compared to 20% of the xerostomia cases. The
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majority of patients in both groups had a countable score of ADS. High scores above three
pose a severe anticholinergic burden [37], and the risk for decreased saliva secretion was
reported as twice as prevalent among patients with xerostomia. The average ADS in our
case and control groups exceeded the published scores. A survey by Tiisanoja et al. [22]
of middle-aged individuals showed a 14% xerostomia prevalence rate, and only 8% had
ADS = 1. Kersten et al. [38] estimated an ADS > 6 in 13% of older adults, a prevalence that
falls between our case and cohort groups.

The most commonly dispensed anticholinergic medications, reflecting the most fre-
quent underlying medical conditions, were antidepressants, antipsychotics, opioids, anti-
histamines, and medications used for cardiovascular and obstructive airway diseases in
the xerostomia as well as in the control group. The magnitude and order of the utilization
of the most consumed drug classes were consistent with the study among more than 30,000
middle-aged participants by Ziad et al. [39]. Our findings are also supported by the most
recent available data in xerostomia patients, published by Fortuna et al. [40] described that
taking more than one anticholinergic medication results in a more significant negative im-
pact on the saliva flow. The “Xeromed” analysis was based on a cross-sectional, multicenter
study of 1144 patients. Although the mean age in our study was ten years younger, the
gender ratio reflected similarities in favor of women. Additionally, the most frequently used
anticholinergics were ranked in a comparable order, including opioids, antidepressants,
benzodiazepines, respiratory agents, and antihypertensives. Younger adult patients in our
study were most frequently taking neuropsychiatric medications, similar to a previous
observation [41] that medication consumption showed the most significant increase among
adolescents in the class for the central nervous system.

Besides the xerogenic effect of medications, other systemic and risk factors play a role
in the development of xerostomia. Smokers are likely to have lower saliva flow [42], and
our analysis confirmed that the smoking rate was indeed higher among individuals with
xerostomia. Comorbidities with potential salivary effects, such as diabetes and sleep apnea,
followed the same tendency. It should be added that stress is thought to be a possible
cause of xerostomia in younger adults [43]. Other mechanisms underlying xerostomia cases
may include sympathomimetic effects, topical effects of inhaled medications, dehydration,
vasoconstriction in salivary glands, alterations in electrolyte and fluid balance, and changes
in saliva composition.

Limitations owing to the retrospective nature of this study did not allow further
investigation into other caries risk factors. Dental caries is a multifactorial disease heavily
influenced by oral health profiles, behavioral changes, mental or physical disabilities, diet,
and oral microbiota. Information was unavailable about caries disease risk factors and data
on confounding variables such as periodontal health, gingival or plaque index, ability to
brush teeth, and daily home-based dental care. Temporal aggregation of carious processes
and tooth loss for various reasons over the time elapsed prior to the recording of DMFT
should be considered. Xerostomia diagnosis was established on single-term self-reports, in
contrast to the objective measure of oral dryness using the saliva flow rates. The community
cohort determined the characteristics of the study population at our dental clinics. Gender
representation in our study groups reflected the commonly observed and published gender
difference in xerostomia as the cohorts were retrospectively established. We estimated
the anticholinergic burden using the ADS scale (validated previously in the oral health
context), although the gold standard assessment would require a serum level measurement.
Therefore, a prospective study is warranted to confirm this study’s findings and establish
the predictive risk for medication-induced xerostomia.

The present study established associations between xerostomia and anticholinergic
burden, and anticholinergic polypharmacy, as well as caries experience. Based on 1298
patients, our data demonstrate the importance of assessing the clinical signs of xerostomia
and reviewing medication history when treating dental patients, even if they belong
to non-geriatric age groups. In the context of preventing xerostomia-related caries and
oral health damages, the study brought into focus the evaluation of the anticholinergic
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burden. Although regular monitoring of saliva secretion is seldom completed during
appointments, personalized screening based on medication history and evaluating the
anticholinergic burden should be integrated into the dental treatment planning for the
non-geriatric population.
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