Anticholinergic burden and dry mouth in middle-aged people
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Abstract

The aim was to study cross-sectionally whether an anticholinergic burden is associated with dry
mouth. The study population included 1311 middle-aged people from the Northern Finland Birth
Cohort 1966 (NFBC1966) study, who underwent clinical medical and dental examinations in 2012—
2013. Medication data were comprised of both self-reported drug use and information obtained
from the national register. To increase the comparability of the results, anticholinergic burden was
measured using ten different anticholinergic scales. Dry mouth was defined on the basis of both a
subjective feeling of dry mouth (xerostomia) and objectively measured low whole salivary flow
rates (hyposalivation), including both unstimulated and stimulated salivary flows. Poisson
regression models with robust error variance were used to estimate relative risk (RR) with a 95%
confidence interval (Cl 95%). Analyses were adjusted for gender, smoking, diabetes, rheumatoid
diseases, depressive symptoms, anxiety, total number of drugs, and antihypertensive drugs.
Approximately fourteen percent of the participants reported having xerostomia and about two
percent had hyposalivation. The risk estimates of different anticholinergic scales for xerostomia
varied from 1.00 to 1.77. The scales’ risk estimates for low unstimulated whole salivary flow (< 0.1
ml/min) were between 0.98 and 1.90 and for low stimulated whole salivary flow (< 0.7 ml/min),
between 0.60 and 2.06. In conclusion, anticholinergic burden measured by different anticholinergic
scales associated with dry mouth, and most of the scales associated more strongly with
hyposalivation than with xerostomia. The findings suggest that dentists should take note of the use

of anticholinergic drugs and their harmful effects already among middle-aged people.



Introduction

Anticholinergic burden refers to the cumulative effect of taking one or more drugs capable of
causing an anticholinergic adverse effect (Tune 2001). Due to the inclusion of multiple different
drug classes under the definition of anticholinergic drugs and differences in the drugs’
anticholinergic potencies, several scales and methods have been developed to measure
anticholinergic burden (Mayer et al. 2015, Nishtala et al. 2016). These anticholinergic scales consist
of medication lists or equations that classify and score drugs according to their anticholinergic
activity. The sum of these anticholinergic scores represents anticholinergic burden, and it can be

used to estimate the risk of anticholinergic adverse effects (Villalba-Moreno et al. 2016).

One of the most common anticholinergic adverse effects is dry mouth, defined by an objective
reduction of either unstimulated or stimulated salivary flow rate (hyposalivation) and/or a subjective
feeling of dry mouth (xerostomia) (Thomson 2015). Anticholinergic drugs cause dry mouth either
by inhibiting acetylcholine binding to muscarinic receptors directly in the salivary glands or by a
secondary route through the inhibition of acetylcholine in the central nervous system (Villa et al.

2016).

Previous studies have well established that the use of anticholinergic drugs is associated with a dry
mouth (Miranda-Rius et al. 2015). Despite this, only a few studies have examined whether or not
anticholinergic burden is associated with dry mouth. Two scales for anticholinergic burden—the
Anticholinergic Drug Scale (ADS) by Carnahan et al. (2006) and the Anticholinergic Risk Scale
(ARS) by Rudolph et al. (2008)—have been previously shown to associate anticholinergic burden

with dry mouth among older people (Rudolph et al. 2008, Kersten et al. 2013, Tiisanoja et al. 2018).

The aim of this study was to investigate whether an anticholinergic burden, measured with ten

different anticholinergic scales, is associated with dry mouth among middle-aged people. The



hypothesis was that participants with anticholinergic burden are at increased risk of having

hyposalivation and xerostomia.

Materials and methods

Study design

This is an observational cross-sectional study that conforms with STROBE (Strengthening the

Reporting of Observational Studies in Epidemiology) guidelines for reporting observational studies.

Study population and setting

This study is based on the Northern Finland Birth Cohort 1966 (NFBC1966) study population. The
original NFBC1966 sample was collected from the two northernmost provinces of Finland as an
unselected, general population-based birth cohort of 12,058 live births whose expected delivery date

was during 1966.

In 2012-2013, the cohort members were invited to a voluntary 46-year follow-up study, which
included questionnaires and clinical examinations. The participants provided written consent for the
study and the study protocol was approved by the Ethical Committee of the Northern Ostrobothnia

Hospital District (2/2012).

A total of 3181 cohort members living in the city of Oulu or within 100 km from the city were
invited to take part in the clinical medical and dental examinations at University of Oulu. Of all
those invited, 1962 participants (61.7 %) underwent clinical oral examinations. The current study
population was further restricted to include only participants from whom both unstimulated and

stimulated saliva samples were collected (n = 1311).

Questionnaire and general health data

Before the clinical examinations the cohort members received a postal questionnaire, which

included questions about their general and oral health and health behavior. For example, the



questionnaire asked the participants about their smoking history or whether they had any diagnosed
diseases, symptoms, or injuries. Additional data about the participants’ general health and medical
diagnoses were collected from the official medical registers of Oulu University Hospital and the

National Institute for Health and Welfare.

Medication data and anticholinergic burden

Medication data were comprised of both self-reported drug use and information obtained from the
national register. The postal questionnaire asked the participants to write down the following
information about the drugs they used: tradename, strength, dose, if taken regularly or as-needed,
and indication. This self-reported drug use was combined with data obtained from the National
Prescription Register of the Social Insurance Institute of Finland and the drugs were identified using
the Anatomical Therapeutic Chemical (ATC) classification system (World Health Organization

2018).

Anticholinergic burden caused by regularly used drugs was determined for each participant by
applying the following ten anticholinergic rating scales: Anticholinergic Drug Scale (ADS)
(Carnahan et al. 2006), Chew’s scale (Chew) (Chew et al. 2008), Duran’s scale (Duran) (Duran et
al. 2013), Anticholinergic Activity Scale (AAS) (Ehrt et al. 2010), Anticholinergic Cognitive
Burden (ACB) (Boustani et al. 2008, Campbell et al. 2013), Clinician-Rated Anticholinergic Scale
(CrAS) (Han et al.2008), Anticholinergic Risk Scale (ARS) (Rudolph et al. 2008), Anticholinergic
Load Scale (ALS) (Sittironnarit et al. 2011), Anticholinergic Burden Classification (ABC) (Ancelin
et al. 2006), and Drug Burden Index (DBI) (Hilmer et al. 2007). An overview of the anticholinergic

rating scales is presented in Table 1.

All the anticholinergic scales identify anticholinergic drugs with combinations of literature reviews,
expert opinions, or laboratory measures of anticholinergic activity, and they score drugs according

to anticholinergic activity and sum up the scores to estimate anticholinergic burden (Table 1). The



DBI differs from the other scales because it measures both anticholinergic and sedative effects with
a simple mathematical equation that takes into account the prescribed dose and the recommended

minimum daily dose of the drug (Hilmer et al. 2007).

Clinical dental examinations

Dental examinations were carried out by seven trained and calibrated dentists according to a
standardized study protocol between April 2012 and June 2013. The examinations were done in a
dental office with a modern dental unit at the Institute of Dentistry, University of Oulu.
Intraexaminer agreement was assessed by having the examiners re-examine 10 participants one
month after the first examination, and interexaminer agreement was assessed by having a gold

standard dentist re-examine approximately 12 participants from each examiner.

Saliva samples

Saliva samples were collected in the morning, before the clinical dental examinations, and the
participants were asked to abstain from eating 12 hours before the sampling. The participants were
instructed to sit comfortably, and they were left undisturbed for the sample collection. For the
unstimulated saliva sample, the participants were asked to drain saliva without any effort into a
plastic container with a volume scale for 15 minutes. For the stimulated saliva sample, the
participants were asked to chew on a paraffin wax capsule and spit into the plastic container for five
minutes. Salivary flow rate (ml/min) was determined by dividing the volume of the saliva sample

with the draining time.

Dry mouth

Dry mouth was defined on the basis of both a subjective feeling of dry mouth (xerostomia) and

objectively measured low salivary flow rates (hyposalivation).



Hyposalivation was determined by using both low unstimulated whole salivary flow (UWSF) and
low stimulated whole salivary flow (SWSF). The cut-off value for low UWSF was 0.1 ml/min and

for low SWSF the cut-off value was 0.7 ml/min (Heintze et al. 1983, Pedersen et al. 2002).

Xerostomia was assessed with a computer-based oral health questionnaire, which included a single-

point question, “Does your mouth feel dry?”” The answer options were yes or no.

Potential confounding factors

Information about and diagnoses of general diseases commonly associated with dry mouth—
diabetes (Lépez-Pintor et al. 2016) and rheumatic diseases (Hamburger 2016)—were collected from
both the postal questionnaire and medical registers. A diabetes diagnosis was based on ICD-10
codes E10 and E11 and diagnosis of rheumatic diseases were based on the following ICD-10 codes:

M05.9, M06.0, M06.9, M35.0, and M35.3 (World Health Organization 2016).

A depressive symptoms variable was based on information gathered from medication data, medical
registers, and a 12-item General Health Questionnaire (GHQ-12) (Goldberg and Hilier 1978). A
depression diagnosis was based on the use of antidepressants (ATC-codes NO6A and NO6AX) with
an indication for depression, or a diagnosis code of depression (ICD-10 codes F32.0, F32.1, F32.2,

F32.9, F34.1, or F41.2) in the medical registers.

Anxiety was determined by using a 6-item State-Trait Anxiety Inventory (STAI) (Marteau and
Bekker 1992), which was designed to measure two types of anxiety: state anxiety (anxiety at the
moment) and trait anxiety (anxiety level as a personal characteristic) (Spielberger et al. 1983). The
answers are scored from one to four and higher scores correlate with higher levels of anxiety. In this

study, a continuous STAI score was used to represent anxiety level.

Use of antihypertensive drugs—including angiotensin Il receptor blockers, angiotensin-converting-
enzyme (ACE) inhibitors, beta-blockers, calcium channel blockers, diuretics, and combination

drugs—was determined from the medication data.



Statistical methods

Poisson regression models with robust error variance (Zou 2004) were used to estimate relative risk
(RR) with a 95% confidence interval (Cl 95%). Statistical analyses were done with SPSS 24.0
software for Windows (Chicago Ill., USA). Potential confounding factors were selected based on
the literature, and the following variables were used as covariates in multivariate models: gender,
smoking, diabetes, rheumatoid diseases, depression, anxiety, total number of drugs, and

antihypertensive drugs.

Results

Table 2 presents the general characteristics of the whole study population. About fourteen percent
of the participants (n = 179) presented xerostomia and about two percent had hyposalivation, either
UWSF < 0.1 ml/min (n = 29) or SWSF < 0.7 ml/min (n = 30). At least one regular drug was used
by 482 participants (~37%) and 189 participants (~14%) used at least one anticholinergic drug. The
proportion of participants with an anticholinergic burden according to the different scales varied
between 1.5 (ABC) and 9.5 percent (DBI) (Table 2). About 35 percent of the participants with an
anticholinergic burden had xerostomia and four percent had low UWSF (Table 3). For low SWSF,

the percentages varied between zero and five percent, depending on the scale (Table 3).

The results of the univariate analyses are presented in Table 4 and the results of the multivariate
regression analyses are presented in Table 5. After adjusting for confounding factors, participants
with an anticholinergic burden according to the DBI (RR: 1.77, Cl: 1.17-2.69), Duran’s scale (RR:
1.32, CI: 1.01-1.73), and CrAS (RR: 1.31, Cl: 1.06-1.61) were more likely to have xerostomia than
participants without an anticholinergic burden. The risk estimates for the other scales varied from

1.00 to 1.58 and were not statistically significant at the p-value level of 0.05 (Table 5).

Regarding hyposalivation, the multivariate models showed that participants with an anticholinergic

burden according to Chew’s scale (RR: 1.90, CI: 1.09-3.32), ADS (RR: 1.82, CI: 1.03-3.22), and



AAS (RR: 1.81, CI: 3.14) were more likely to have low UWSF (< 0.1 ml/min) than participants
without an anticholinergic burden (Table 5). The participants with an anticholinergic burden
according to Chew’s scale and AAS were also more likely to have low SWSF (< 0.7 ml/min) (RR:
1.84, Cl: 1.26-2.68; RR: 1.82, Cl: 1.22-2.72, respectively) than those without an anticholinergic
burden. The other scales associated with hyposalivation as well, with risk estimates varying from

1.18 to 2.06, but these associations were not statistically significant (Table 5).

Discussion

The main findings of the study were that the anticholinergic scales associated with a dry mouth, and
that most of the scales associated more strongly with hyposalivation than with xerostomia. All

except one of the scales associated with both xerostomia and hyposalivation.

Overall, the findings are in line with studies that have shown an association between anticholinergic
burden and dry mouth (Rudolph et al. 2008, Kersten et al. 2013, Tiisanoja et al. 2018). The current
study was able to confirm that the ADS associates with dry mouth (Kersten et al. 2013, Tiisanoja et
al. 2018), but on the other hand the study was not able to confirm an association between the ARS
and xerostomia (Rudolph et al. 2008). To the best of the authors’ knowledge, this is the first study
to report associations between the DBI, Duran’s scale, Chew’s scale, CrAS, AAS, ACB, ABC, and

ALS and dry mouth.

Due to the discrepancies and variations between the anticholinergic scales (Nishtala et al. 2016,
Villalba-Moreno et al. 2016), it is not surprising that there are variations in how the scales
associated with dry mouth. At the same time though, it is worth keeping in mind that there are also
similarities between some of the scales, and this could explain why these scales associated in a
similar way with dry mouth. These similarities consist of an inclusion of the same drugs, a similar

grading scheme, and modeling the scale according to a previously published scale. As an example,



the AAS (Ehrt et al. 2012) and Chew’s scale (Chew et al. 2008) share all the above-mentioned

similarities.

Most of the anticholinergic scales associated more strongly with hyposalivation than with
xerostomia. One explanation for this could be that anticholinergic burden has an effect on salivary
flow before it causes a feeling of dry mouth. This assumption is based on previous findings that
salivary secretion has to decrease about 50 percent from the normal rate to associate with
xerostomia (Dawes 2004). Other explanations could be related to anticholinergic burden’s effect on
the consistency of saliva or differences in the cholinergic receptor pathways and susceptibility

between the central nervous system and the salivary glands (Villa et al. 2016).

The AAS, Chew’s scale, and the ADS associated most strongly with hyposalivation of all the
anticholinergic scales. The most likely explanation for this finding can be related to the drugs that
are included in the scales and the method of assessing these drugs. All three scales used a
radioreceptor assay to measure the anticholinergic activity of the drugs (Tune and Coyle 1980), and
this method is thought to reflect peripheral anticholinergic activity well (Thomas et al. 2008). Thus,
it can be speculated that the anticholinergic drugs included in the AAS, Chew’s scale, and ADS

have the most direct effect on salivary flow via muscarinic receptors on the salivary glands.

Since the study population consisted of middle-aged people, the prevalence of dry mouth and
anticholinergic burden was relatively low. Despite this, the study was able to show that
anticholinergic burden measured with different scales was associated with dry mouth. It could be
speculated that the association would be even stronger in a population with higher medication
usage, i.e. older populations. The current findings stress the importance of already identifying
middle-aged patients using anticholinergic drugs and providing them with necessary guidance on
how to cope with dry mouth and giving them prophylactic measures against oral diseases associated

with dry mouth.



Strengths and limitations

Study population and confounding

A major strength of this study was the general, unselected population that allows generalization of
the results to other middle-aged populations. The high participation rate (61.7%) assured that the
population well represents middle-aged people living in Northern Finland. Furthermore, the large

study population meant that the statistical power of the study was good.

The selection of potential confounding factors was based on the literature. In the analyses, the
following factors were used as covariates: gender (Heinze et al. 1983), smoking (Johansson et al.
2009), diabetes (Ld6pez-Pintor et al. 2016), rheumatoid diseases (Hamburger 2016), and
psychological factors (depression and anxiety) (Bergdahl and Bergdahl 2000). In addition, the
xerostomic effects of other drugs were controlled for by adding the total number of drugs and use of
antihypertensive drugs into the analyses (Villa et al. 2016). Other possible confounding factors,
such as removable prostheses or radiotherapy of the head and neck region, were so rare in this

population that they were not used as covariates in the analyses.

Measurements

Dry mouth included both a subjective feeling of oral dryness and objectively measured low salivary
flow rates. This method can be seen as a strength of the study because it is considered the most
adequate for depicting dry mouth and all its aspects (Thomson 2015). Another strength was that all
the saliva samples were collected at the same time of day using a previously validated draining
method (Navazesh and Christensen 1982). One limitation related to dry mouth was the
measurement of xerostomia with a single-item question, “Does your mouth feel dry?” instead of
more comprehensive questionnaires, such as the Xerostomia Inventory (Thomson et al. 1999), and

this may have caused an underestimation of xerostomia.
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In this study, regular drug use during 2012 and 2013 was determined with a combination of self-
reported drug use and information obtained from the national pharmacy register. The National
Prescription Register provides information on all reimbursed drug purchases in Finnish community
pharmacies, but it does not include data on drug purchases that are not reimbursed, dosage of drugs,
or indication of drugs. Thus, additional information regarding medication was obtained from the
questionnaire, which increased the quality of the medication data. However, there are factors related
to medication data, such as non-adherence and social desirability, whose effect cannot be totally
excluded. On the other hand, previous studies have shown that data from self-reported drug use
combined with the national pharmacy register data are sufficient for the current research purpose

(Furu et al. 2010, Haapea et al. 2010).

To increase the credibility of the results, ten anticholinergic scales were used to measure
anticholinergic burden. In fact, this approach was suggested by recent systematic reviews (Mayer et
al. 2015, Villalba-Moreno et al. 2016). These reviews reported considerable variation in the
anticholinergic scales, especially in terms of selection of drugs and grading of anticholinergic
potency. Due to the low number of anticholinergic drugs in the study population, it was not

meaningful to use anticholinergic scales as categorical variables.

In general, there are also limitations related to the anticholinergic scales that need to be addressed.
Firstly, the scales have a tendency to simplify pharmacological mechanisms and assume that the
anticholinergic effects of different drugs are linearly additive (Villalba-Moreno et al. 2016).
Secondly, all the scales ignore factors such as drug clearance and patients’ susceptibility to
anticholinergic effects (Mayer et al. 2015). Of all the scales, the DBI is the only one that takes drug
dosage into account, but it cannot be easily compared with the other scales. This is due to the DBI’s
different method of calculating anticholinergic burden and inclusion of sedative drugs. Thirdly, the
scales have been developed and validated mainly for use among older populations (Villalba-Moreno

et al. 2016), and there is lack of studies done among younger populations. Nevertheless, the
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anticholinergic scales used offer—at the moment—the best methods for assessing anticholinergic

burden.

Conclusion

Anticholinergic burden measured with different anticholinergic scales was associated with dry

mouth, and most of the scales associated more strongly with hyposalivation than with xerostomia.
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Table 1. Overview of ten different anticholinergic rating measures

Rating Scale Basis Classification of Number of
anticholinergic  drugs included
activity
Anticholinergic Drug Serum anticholinergic activity, literature 0-3 117
Scale (ADS) review and expert opinions
Chew’s scale (Chew) A radioreceptor assay to measure 0, O/+, +, ++, 107
anticholinergic activity, literature review, +++
and expert opinion
Duran’s scale (Duran)  Systematic review of pre-existing scales 0-2 100
(ADS, ABC, CrAS, ARS, Chew, AAS,
ALS) and expert opinions
Anticholinergic Serum anticholinergic activity, existing 0-4 99
Activity Scale (AAS) evidence from Chew et al. (2008), and
expert opinions
Anticholinergic Systematic review of drugs with 0-3 88
Cognitive Burden Scale anticholinergic activity and expert
(ACB) opinions
Clinician-Rated Earlier version of the scale and expert 0-3 60
Anticholinergic Scale opinions
(CrAS)
Anticholinergic Risk Literature review and expert opinion 0-3 49
Scale (ARS)
Anticholinergic Load Existing evidence from pre-existing 0-3 49
Scale (ALS) scales (ARS, ABC, Chew, CrAS) and
expert opinions
Anticholinergic Burden Serum anticholinergic activity and expert 0-3 27
Classification (ABC) opinions
Drug Burden Index Mathematical formula that is based on a 0- *

(DBI)

literature review and considers the
prescribed dose and the minimum
effective dose of the anticholinergic and
sedative drug

* Depends on the included study (in the present study, 46 drugs were identified).
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Table 2. Characteristics of the study population

Variable All participants
n 1311
Gender, proportion of women, n (%) 721 (54.9)
Current smoker, n (%) 211 (16.1)
Diabetes, n (%) 45 (3.43)
Rheumatic disease, n (%) 44 (3.34)
Depressive symptoms, n (%) 101 (7.70)
STAI, mean (SD) 34.3(10.1)
Total number or drugs, median (IQR) 0(0-1)
Participants using at least one regular drug, n (%) 482 (36.8)
Users of antihypertensive drugs, n (%) 139 (10.6)
Users of any anticholinergic drug, n (%) 189 (14.4)
Anticholinergic Drug Scale > 1, n (%) 94 (7.17)
Chew’s scale > 1, n (%) 105 (8.01)
Duran’s scale > 1, n (%) 87 (6.64)
Anticholinergic Activity Scale > 1, n (%) 60 (4.58)
Anticholinergic Cognitive Burden Scale > 1, n (%) 81 (6.18)
Clinician-Rated Anticholinergic Scale > 1, n (%) 72 (5.49)
Anticholinergic Risk Scale > 1, n (%) 43 (3.28)
Anticholinergic Load Scale > 1, n (%) 119 (9.08)
Anticholinergic Burden Classification > 1, n (%) 19 (1.45)
Drug Burden Index <0, n (%) 125 (9.53)
Number of teeth (excluding 3" molars), mean (SD) 26.7 (1.99)
Removable prostheses, n (%) 6 (0.46)
Xerostomia, n (%)* 179 (13.7)
Low unstimulated whole salivary flow, n (%) 29 (2.21)
Low stimulated whole salivary flow, n (%) 30 (2.29)
Xerostomia and hyposalivation, n (%) 6 (0.46)

STAI: State-Trait Anxiety Inventory, SD: Standard Deviation, IQR: Inter-Quartile Range.
*40 participants missing.
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Table 3. Proportion of dry mouth according to different anticholinergic scales

ADS Chew Duran AAS ACB CrAS ARS ALS ABC DBI>

>1  >1 =1 =1 =1 =1 =1 =1 >1 0
Xerostomia, 27 30 26 24 27 28 11 33 7 37
n (%) (28.7) (28.6) (29.9) (40.0) (33.3) (389) (25.6) (27.7) (36.8) (29.6)
Low 4 6 3 3 2 2 2 5 1 3

unstimulated (4.26) (5.71) (3.45) (5.0)0 (2.47) (2.78) (4.65) (4.20) (5.26) (2.40)
whole

salivary

flow, n (%)

Low 3 5 3 3 0 1 0 4 0 3
stimulated (3.19) (4.76) (3.45) (5.0) (1.39) (3.36) (2.40)
whole

salivary

flow, n (%)

ADS: Anticholinergic Drug Scale, AAS: Anticholinergic Activity Scale, ACB: Anticholinergic
Cognitive Burden Scale, CrAS: Clinician-Rated Anticholinergic Scale, ARS: Anticholinergic Risk
Scale, ALS: Anticholinergic Load Scale, ABC: Anticholinergic Burden Classification, DBI: Drug
Burden Index.
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Table 4. Unadjusted factors related to dry mouth

Variables Xerostomia Low UWSF Low SWSF
(< 0.1 ml/min) (< 0.7 ml/min)
Gender
Male 1.0 1.0 1.0
Female 2.2 (1.63-3.04)  1.41(0.68-2.95) 1.01 (0.49-2.08)

Current smoker

No

Yes
Rheumatic disease

No

Yes
Diabetes

No

Yes
Depressive symptoms

No

Yes
STAI
Total number of drugs
Using antihypertensive drugs

No

Yes
Anticholinergic Drug Scale
Chew’s scale
Duran’s scale
Anticholinergic Activity Scale
Anticholinergic Cognitive Burden
Clinician-Rated Anticholinergic Scale
Anticholinergic Risk Scale
Anticholinergic Load Scale
Anticholinergic Burden Classification
Drug Burden Index

1.0
1.36 (0.98-1.88)

1.0
1.59 (0.88-2.88)

1.0
1.48 (0.81-2.69)

1.0
2.32 (1.65-3.28)
1.03 (1.01-1.04)
1.20 (1.11-1.28)

1.0

1.29 (0.87-1.91)
1.38 (1.18-1.62)
1.32 (1.15-1.51)
1.71 (1.46-2.01)
1.35 (1.18-1.55)
1.46 (1.29-1.66)
1.57 (1.38-1.78)
1.36 (1.11-1.68)
1.49 (1.30-1.71)
1.47 (1.16-1.85)
2.56 (2.03-3.23)

1.0
0.60 (0.18-1.97)

1.0
3.32 (1.05-10.6)

1.0
1.01 (0.14-7.22)

1.0
1.38 (0.43-4.49)
1.00 (0.96-1.04)
1.08 (0.82-1.43)

1.0

0.97 (0.3-3.17)
1.43 (1.06-1.92)
1.38 (1.12-1.71)
1.47 (0.82-2.62)
1.40 (1.10-1.79)
1.42 (0.96-2.09)
1.45 (0.90-2.38)
1.54 (0.97-2.45)
1.46 (0.97-2.19)
1.49 (0.73-3.02)
1.08 (0.32-3.70)

1.0
0.37 (0.09-1.55)

1.0
4.43 (1.62-12.1)

1.0
0.97 (0.14-6.97)

1.0

1.33 (0.41-4.31)
1.01 (0.97-1.04)
1.01 (0.82-1.24)

1.0

2.11 (0.88-5.07)
0.94 (0.57-1.53)
1.23 (0.96-1.57)
1.08 (0.57-2.08)
1.25 (0.95-1.64)

0.58 (0.19-1.79)

1.09 (0.60-1.69)

0.99 (0.30-3.28)

UWSF: unstimulated whole salivary flow, SWSF stimulated whole salivary flow, STAI: State-Trait

Anxiety Inventory.

Data presented as relative risks with 95% confidence intervals.
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Table 5. Associations between anticholinergic scales and xerostomia, low unstimulated whole
salivary flow, and stimulated whole salivary flow

Anticholinergic Scale

Xerostomia

Low UWSF
(< 0.1 ml/min)

Low SWSF
(< 0.7 ml/min)

Anticholinergic Drug Scale

Chew’s scale

Duran’s scale

Anticholinergic Activity Scale
Anticholinergic Cognitive Burden
Clinician-Rated Anticholinergic Scale
Anticholinergic Risk Scale
Anticholinergic Load Scale
Anticholinergic Burden Classification

Drug Burden Index

1.10 (0.88-1.41)
1.10 (0.91-1.31)
1.32 (1.01-1.73)
1.15 (0.95-1.39)
1.27 (0.98-1.48)
1.31 (1.06-1.61)
1.00 (0.72-1.38)
1.58 (0.92-1.46)
1.08 (0.77-1.52)

1.77 (1.17-2.69)

1.82 (1.03-3.22)
1.90 (1.09-3.32)
1.74 (0.71-4.27)
1.81 (1.04-3.14)
1.65 (0.94-2.89)
1.70 (0.85-3.42)
1.86 (0.90-3.82)
1.63 (0.83-3.22)
1.64 (0.64-4.23)

0.98 (0.18-5.42)

1.16 (0.65-2.07)
1.84 (1.26-2.68)
1.78 (0.93-3.41)
1.82 (1.22-2.72)

0.60 (0.16-2.25)

1.18 (0.59-2.36)

2.06 (0.59-7.21)

UWSF: unstimulated whole salivary flow, SWSF: stimulated whole salivary flow.

Data presented as adjusted relative risks with 95% confidence intervals.
Models were adjusted for gender, smoking, diabetes, rheumatoid diseases, depressive symptoms,
anxiety, total number of drugs, and antihypertensive drugs.
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