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Objective: Oral dryness can contribute to several diseases in the oral cavity. The objective of the present study was to
compare the subjective oral dryness, salivary flow rates, the number of oral microbiota, and the dental status between
medicated hypertensive patients and control subjects.

Material and Method: Four hundred subjects including 200 ambulatory hypertensive patients who were taking
antihypertensive medications and 200 control subjects were included. Each subject’s medical history was reviewed. The
subject’s oral health status, salivary flow rate, and the number of oral microbiota were also evaluated.

Results: The prevalence rate of xerostomia in the medicated hypertensive group was 50% whereas only 25.5% of the control
group had xerostomia (p < 0.05). Using modified Schirmer test (MST), the mean unstimulated salivary flow rate of the
medicated hypertensive group (23.11 + 6.08 mm/3min) was significantly lower than that of the control group (31.30 + 3.36
mm/3min) (p < 0.05). In addition, the mean stimulated salivary flow rate of the medicated hypertensive group (0.73 + 0.30
ml/min) was also significantly lower than that of the control group (1.31 + 0.34 ml/min) (p < 0.05). The strongest associated
factor for dry mouth was the use of antihypertensive medications (OR = 6.28). The mean levels of mutans streptococci,
Lactobacilli spp. and Candida spp. in the medicated hypertensive group were significantly higher than in the control group
(p < 0.05). Furthermore, medicated hypertensive patients were more likely to have missing teeth compared to control subjects.
Conclusion: Xerostomia, hyposalivation, and increasing number of oral microbiota were more prevalent in hypertensive

patients taking antihypertensive medications.
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Saliva plays an important role in maintaining
homeostasis of the oral cavity. It exerts antimicrobial
effects, helps maintaining normal oral ecology, pH, tooth
and mucosal integrity. It also mediates taste sensations
and assists in mastication and deglutition through its
lubricative property"-?. Xerostomia and hyposalivation
are two different words that should not be used
interchangeably®. Xerostomia is a conventional term
used to denote the subjective complaint of mouth
dryness. Hyposalivation is an objective reduction in
salivary secretion, which may result in increased
incidence of candidiasis, caries, periodontal diseases,
inflammation of the mucosa and difficulties in speech,
mastication and deglutition®®. It has been reported
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that xerostomia does not equate consistently with
hyposalivation®. Although most patients with
xerostomia have hyposalivation, others may not. On
the other hand, patients who had hyposalivation may
not complain of xerostomia®.

In the past, head and neck radiation therapy
was considered the most common cause of xerostomia
and hyposalivation. In recent years, however,
medications have emerged as the most common cause,
especially in the geriatric patient population. More
than 400 medications are known to be associated
with xerostomia and/or hyposalivation”¥, including
antihypertensive medications (o-blockers, -blockers,
diuretics, angiotensin converting enzyme inhibitors,
calcium channel blockers), antidepressants, sedatives,
central analgesics, anti-Parkinson medications, anti-
allergy medications, and antacids®.

Hypertension is a major health problem. It is
one of the strongest risk factors for cardiovascular
diseases. In Thailand, approximately 10 million people
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or one out of six people have hypertension and
regularly use antihypertensive medications. As the
population ages and the number of older people
increases, the prevalence rate of hypertension continues
to increase. One common side effect associated with
antihypertensive medications is the subjective
complaint of mouth dryness or xerostomia®!?, Several
investigators attributed this symptom to the use of
certain antihypertensive medications.

Although hypertension as a cardiovascular
risk factor has been studied extensively, not much is
known about the influence of hypertension and its
treatment on objective measurements of salivary
secretion and the number of oral microbiota. Therefore,
the purpose of the present study was to compare the
mean of xerostomia or subjective oral dryness, salivary
flow rates and the number of common oral microbial
organisms between the control (non-hypertensive) and
the medicated hypertensive groups and investigate
the possible cause of hyposalivation.

Material and Method
Ethical considerations

The present study was approved by the
Committee on Human Rights Related to Human
Experimental of the Faculty of Dentistry and Faculty
of Medicine Siriraj Hospital, Mahidol University
(MU-IRB 2007-089, Si397/2007). The ethical guidelines
of the Declaration of Helsinki were followed
throughout the present study. During the screening
session, signed informed consent was obtained from
each participant.

Subjects

Four hundred ambulatory subjects, 200
hypertensive patients and 200 normotensive control
subjects were randomly selected from patients who
received ongoing care at the Faculty of Dentistry or
the Faculty of Medicine Siriraj Hospital, Mahidol
University, Bangkok or Bang-ra-gum Hospital,
Phitsanulok. The normotensive control group was
composed of healthy adult volunteers, with the age of
thirty-five years or older, who had no known systemic
disease and were not taking any medication. The
inclusion criteria for the medicated hypertensive
group were ambulatory patients, age 35 years or older,
who had a diagnosis of hypertension, were taking
antihypertensive medication(s) and were willing to
participate in the present study. Patients who had been
treated with radiotherapy, or had other systemic
diseases that are associated with xerostomia and
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hyposalivation such as Sjogren’s syndrome, anemia,
salivary gland disease, encephalitis, brain tumor,
diabetes mellitus, stroke and Parkinson’s disease were
excluded from the present study. Patients with nasal
congestion, mouth breathing, or snoring were not
excluded from the present study. Any subjects who
refused oral examination, did not provide informed
consent, or did not have sufficient clinical data were
also excluded. Patients were interviewed and examined,
and pertinent clinical data were obtained.

Interview

Each participant was questioned by
one dentist (VN) who also performed the clinical
examination. Age, sex, medical history, family history,
and other factors that can induce xerostomia and
hyposalivation such as diarrhea, alcohol use and cola
drink were documented. In the medicated hypertensive
group, the type and duration of treatment of each
antihypertensive medication were reviewed thoroughly.

Subjective oral dryness

The xerostomia questionnaire and a visual
analog scale (VAS) of xerostomia were used to evaluate
xerostomia. The xerostomia questionnaire used in
the present study was modified from the xerostomia
questions proposed by Fox et al®. These questions
included 1) Does your mouth usually feel dry? 2) Does
your mouth feel dry when eating a meal? 3) Do you
have difficulty swallowing dry food? 4) Do you sip
liquid to aid in swallowing dry food? and 5) Is the
amount of saliva in your mouth too little most of the
time? An affirmative response to at least one of the
above five questions has been shown to correlate
with a decrease in saliva®”. In addition, the VAS of
xerostomia was used to assess these subjective items.
Each participant was asked to mark the severity of
dry mouth on a 10-cm long VAS with the negative
and the positive on the left and right, respectively
(e.g. 0 cm = no feeling of mouth dryness, 10 cm =
extreme feeling of mouth dryness)(".

Salivary flow rate and saliva collection

An unstimulated salivary flow was measured
using a modified Schirmer test (MST), which was
developed from the Schirmer tear test routinely used
by ophthalmologists to measure the tear film wetness.
A commercially available 5 x 35 mm ColorBar™
Schirmer tear test strip (Eagle Vision, TN, USA) has a
blue color bar that travels with the fluid front and has a
millimeter scale (2-35 mm) delineating the distance of

97



fluid flow. All the tests were performed from § am to
12 noon according to Fontana et al?®. Briefly, all
subjects were asked not to eat or drink 2 hours prior to
the MST. After a period of a 3-5 minute rest, the patient
was asked to swallow all the saliva in the mouth prior
to the test and not to swallow anymore during the test.
In addition, the patient was asked to rest the tongue on
the hard palate so that the test strip would not touch
the tongue during the test. The MST strip was held
vertically with a cotton plier and the rounded end of
the strip was positioned at the floor of mouth. When
the round end of the strip contacted moisture, the
blue dye traveled up the strip and its distance was
read at 1, 2 and 3 minutes and recorded immediately.
Hyposalivation was diagnosed if the color moved
25 mm at 3 minutes according to Fontana et al'?.

A stimulated salivary flow rate was
additionally evaluated by a spit test. The subjects were
asked to chew 4-5 pieces of paraffin for one minute
and spit their saliva into a cup every minute for a total
of three minutes. According to The Federation
Dentaire Internationale (FDI) 1992, stimulated salivary
flow rate of 0.5 milliliter per minute or less is diagnostic
of hyposalivation*!¥.

Examination of oral microbiota

Mutans streptococci, Lactobacilli spp. and
Candida spp. were examined by the modified dip-slide
test. In the present test, the stimulated whole saliva
sample was collected and subsequently poured over
the surface of a 3-compartment dip-slide containing
selective media for these three organisms. All agar
plates and plastic tubes containing dip-slides were
incubated at 37°C for 48 to 72 hours in a 5% CO,
incubator. The density of the growth of mutans
streptococci, Lactobacilli spp. and Candida spp.
were recorded and scored by comparison with a
chart provided with the test’?. According to the score
chart, levels of mutans streptococci were classified as
1, 2, 3, and 4 when the microorganisms were < 10,
>103-<10°,>10%-< 10%and > 10° CFU/ml, respectively.
Levels of Lactobacilli spp. were classified as 1, 2, 3
and 4 when the microorganisms were < 10°, > 103-< 10,
>10%-< 107 and > 10° CFU/ml, respectively. Levels of
Candida spp. were classified as 1, 2, 3 and 4 when the
microorganisms were < 102,>10%-<10%,> 10°-< 10* and
> 10* CFU/ml, respectively.

Oral examination

Dental caries, fillings in all remaining teeth,
and loss of teeth were recorded using DMFT index,
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which represents caries experience as recommended
by the World Health Organization (WHO).

Statistical analysis

Statistical analyses of the results were
performed using the SPSS for Windows program
version 13.0. The mean, standard deviation, frequency
and percentage were calculated for descriptive data.
The differences between the control and medicated
hypertensive groups were compared using the t-test
or the Chi-square test. The Spearman rank correlation
was used to assess the correlation among variables.
Differences in salivary flow rate among each group of
antihypertensive medication were analyzed by
ANOVA test. Backward logistic regression analyses
were performed to test the association of multiple
variables with hyposalivation and to explore the
strongest associated factors for hyposalivation. All
p-values given are based on 2-tailed tests of
significance and p-values of less than 0.05 were
considered statistically significant.

Results
Clinical characteristics

Four hundred subjects were divided into two
groups, the control and the medicated hypertensive
groups. Clinical characteristics of the two groups were
relatively comparable as shown in Table 1 except that
subjects in the medicated hypertensive group were
significantly older than those in the control group
(Table 1). Moreover, the systolic blood pressure (SBP)
and diastolic blood pressure (DBP) were significantly
higher in the medicated hypertensive group (Table 1).

Subjective oral dryness

From the xerostomia questionnaire,
significantly more subjects in the medicated
hypertensive group had xerostomia compared to the
control group (50% vs. 25.5%, p <0.05). Similarly, the
mean of VAS of xerostomia in the medicated
hypertensive group was also significantly higher than
that of the control group (3.32 +£2.72 vs. 1.53 + 1.89,
p<0.05) (Table 1).

Salivary flow rate

The mean unstimulated salivary flow rates at
1, 2 and 3 minutes using MST in the medicated
hypertensive group were significantly lower than
those in the control group at each time point (Table 1).
Using the cut-off MST value of <25 mm at 3 minutes,
the prevalence of hyposalivation in patients with
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Table 1. Baseline characteristics of subjects in the control and the medicated hypertensive groups

Characteristics Control group Medicated hypertensive group
n=200 n=200
Male (number (%)) 82 (41.0%) 96 (48.0%)
Female (number (%)) 118 (59.0%) 104 (52%)
Age range (years) 35-76 44-89
Mean age + SD (years) 58.82+7.84 62.41 + 8.75*
SBP range (mmHg) 110-139 110-164
Mean SBP + SD (mmHg) 126.70 +7.57 134.74 +10.37*
DBP range (mmHg) 70-88 66-98
Mean DBP + SD (mmHg) 79.71 + 4.86 83.87 + 6.90*
Prevalence of xerostomia (number (%)) 51 (25.5%) 100 (50%)*
Prevalence of hyposalivation (number (%)) 11 (5%) 114 (57%)*
MST
1 minute: mean + SD (mm) 13.60 +2.15 9.77 + 3.83*
2 minutes: mean + SD (mm) 23.60 +2.87 16.84 + 5.31*
3 minutes: mean + SD (mm) 31.30+3.36 23.11 +6.08*
Stimulated salivary flow rate (ml/min) 1.31+0.34 0.73 + 0.30*
VAS range 0-5 0-8
Mean VAS score + SD 1.53 +1.89 332 +2.72%
Mean levels of mutans streptococci 2.22+0.58 2.62 +0.79*
Mean levels of Lactobacilli spp. 1.94 +0.60 2.60 +0.76*
Mean levels of Candida spp. 1.61 +0.63 1.82 +0.79*
Mean levels of decay teeth 4.80 +3.30 4.29 +3.45
Mean levels of missing teeth 7.96+7.16 12.51 + 9.98*
Mean levels of filling teeth 4.12+2.61 4.62 +3.35
Mean levels of DMFT 16.89 + 6.82 21.42 + 7.40%

SBP = systolic blood pressure; DBP = diastolic blood pressure; MST = modified Schirmer test; DMFT = decay, missing

and filling teeth
*p<0.05

hypertension was 57% compared with 5% in the
control group (p < 0.05). In addition, the stimulated
salivary flow rate in the medicated hypertensive group
was significantly lower than that in the control group
(Table 1). In conclusion, patients with hypertension
who were medicated had both lower unstimulated and
stimulated salivary flow rates compared to those of
the control.

Associated factors for the hyposalivarion

The association of multiple variables with
hyposalivation was analyzed using logistic regression
analysis. The result of this analysis is given in
Table 2. The use of antihypertensive medications
was the strongest associated factors for dry mouth
(OR=6.28).

Antihypertensive medications and salivary flow rate

According to the number of drugs used by
the subjects with hypertension, 125 (62.5%) subjects
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Table 2. Logistic regression analysis on factors relating to
hyposalivation in the control and the medicated
hypertensive groups

Factors OR 95% CI
Antihypertensive medications 6.28* 3.68-10.74
Age 1.27* 1.18-1.36
Pulse rate 1.10* 1.01-1.19
Gender 0.14%* 0.05-0.43
Diarrhea 0.04* 0.01-0.36
Alcohol 0.32% 0.14-0.74
Cola drink 0.26* 0.14-0.50

*p<0.01,*p<0.05

were taking only one type of antihypertensive drug
whereas 75 (37.5%) subjects were taking two types of
drugs. There was no significant difference of both
unstimulated and stimulated salivary flow rates in
the subjects taken either one or two types of drug(s)
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Table 3. Mean unstimulated and stimulated salivary flow rates according to medication(s)

Medication(s) Number of patients Unstimulated salivary Stimulated salivary
flow rate (mean + SD) flow rate (mean + SD)
Propanolol 59 22.97 +6.00 0.77 +0.29
Hydrochlorothiazide (HCTZ) 25 22.20+4.76 0.67 +0.24
Atenolol 17 24.82 +4.23 0.63 +0.22
Amlodipine 8 21.50 +4.72 0.55+0.17
Enalapril 16 26.00 +4.38 0.66 +0.19
Atenolol + amlodipine 2 22.50+0.71 0.70 +0.17
Atenolol + HCTZ 3 28.67 +3.21 0.60 +0.10
Amlodipine + propanolol 9 22.89+1.76 0.73 £0.28
Amlodipine + HCTZ 4 25.00 +5.77 0.67 +0.31
Enalapril + propanolol 23 22.96 +5.32 0.73 £0.38
Enalapril + HCTZ 3 31.67 + 3.06 1.23 +0.15
Furosamide + HCTZ 9 24.11+7.79 1.12 +0.49
Metoprolol + enalapril 2 21.50+0.71 0.55+0.07
Propanolol + HCTZ 18 17.89 +9.62 0.67 +0.22
Atenolol + enalapril 2 29.50 +0.71 0.75+0.21
One medication 125 23.50 +4.82 0.65+0.22
Two medications 75 24.67 +3.87 0.77 £ 0.23
Total 200 23.11 +6.08 0.73 +0.30

(p>0.05, Table 3). Similarly, regarding antihypertensive
drug types, statistical analysis indicated that there
was no significant difference of both salivary flow
rates between each drug group.

The duration of the use of antihypertensive
medications ranged from 1 to 120 months (mean + SD
= 61.04 + 45.32 months). The duration of the use of
antihypertensive medications did not seem to affect
the VAS score of xerostomia, unstimulated and
stimulated salivary flow rates (r=0.49, -0.46 and -0.57,
respectively).

Oral microbiota

The distribution of the number of subjects
according to the score of each microflora is presented
in Table 1. It was indicated that the mean levels of
mutans streptococci, Lactobacilli spp. and Candida
spp. in the medicated hypertensive group were
significantly higher than in the control group (p <0.05
in all, Table 1).

Dental caries

The mean number of decay, missing, filled
teeth and DMFT in the control and the medicated
hypertensive groups are depicted in Table 1. The DMFT
and missing teeth in the medicated hypertensive
group were significantly higher than that in the control
group (p < 0.05). However, there was no statistically
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significant difference in the number of teeth with
decay and filling between these groups.

Discussion

Xerostomia and hyposalivation are two
words used to describe mouth dryness. Xerostomia is
a subjective feeling of dry mouth and can be assessed
by asking individuals whether they have such a
feeling. To evaluate xerostomia in the present study,
an effective xerostomia questionnaire was used®?.
The prevalence rate of xerostomia in the medicated
hypertensive group of the present study (50%) was
higher than those of elderly subjects in the previous
study (12-47%)1622),

Although it has been reported that dry
mouth was associated with the use of cigarettes,
alcohol, caffeine drinks, and snacking behavior®, the
authors did not find such association in the present
study. However, statistically significant difference
between the unstimulated and stimulated salivary flow
rates between the medicated hypertensive and the
control groups was observed. The present result is
also in agreement with other previous reports on older
populations that persons with systemic disorders and
taking xerogenic medications have significantly lower
salivary flow rates than healthy controls®**. Similarly
to the present study, salivary alterations were observed
between healthy and hypertensive subjects. In a study
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of Dodds et al, the unstimulated whole, stimulated
parotid, unstimulated submandibular/sublingual and
stimulated submandibular/sublingual salivary flow
rates were lower in the hypertensive group compared
to the healthy group®®. The concentrations of
albumin, lactoferrin, lysozyme, myeloperoxidase,
secretory IgA and salivary peroxidase in stimulated
parotid saliva were increased in hypertensive subjects
compared to healthy subjects. It was explained that
since flow rates were decreased, the normal rates of
protein synthesis and secretion into the depleted fluid
volume might cause such changes in the protein
concentrations®”. The previous result suggested that
not only the quantity but also the quality of saliva are
altered in hypertensive patients.

There are two distinct views on the salivary
flow rate of whole saliva and aging!Y. There were some
reports indicated that the flow rate of resting whole
saliva decreased with age"?. On the other hand,
some reports suggested that the salivary production
remains age-stable in healthy non-medicated
adults!42%, Therefore, there is still no definite
conclusion regarding the reduction of salivary flow
rate and age. In the present study, the control group
seemed to be slightly younger than the medicated
hypertensive group. The authors could not conclude
in the present study whether age really affected the
salivary flow rate or not. Therefore, if further study
is conducted, the selection of the subject to be age-
matched should be strongly advocated.

Although many factors can cause xerostomia
and hyposalivation, the use of antihypertensive
medications was clearly proved to be one of the
important xerogenic factors. In agreement with this,
the strongest associated factor for dry mouth in
the medicated hypertensive group was the use of
antihypertensive drugs. It has been reported that
hypertension per se may have no influence on
stimulated parotid salivary gland flow rates in
otherwise healthy, elderly unmedicated persons®?.
Previous reports indicated that salivary gland
dysfunction and xerostomia in hypertensive patients
were possibly induced by specific medications used
in the treatment of elevated blood pressure. In a
patient treated with lisinopril and subsequently
hydrochlorothiazide, the reduction of stimulated whole
and stimulated parotid salivary gland flow rates was
observed®. Nederfors et al found a tendency towards
increased whole salivary flow rate in hypertensive
patients when the antihypertensive medication was
withdrawn®, In a previous study assessing parotid
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gland function, Streckfus and colleagues investigated
the effects of hydrochlorothiazide on stimulated
parotid salivary gland flow rate. Three groups of
patients including normotensive subjects, hypertensive
patients taking no medications and hypertensive
patients with the use of hydrochlorothiazide were
examined®”. The results showed no difference in
stimulated parotid salivary gland flow rates between
normotensive and hypertensive subjects without
medication. However, a significantly reduced stimulated
parotid salivary gland flow rate was found in
hypertensive subjects receiving hydrochlorothiazide
treatment. Atenolol and propanolol were also found to
induce a reduction of total protein concentration and
amylase activity in resting and stimulated whole
saliva®?. In the present study, there was no significant
difference of salivary flow rates between subjects
taking each drug group. However, the authors cannot
conclude that each drug group similarly affects the
salivary flow rates. This might be due to a small sample
size of subjects in each class of antihypertensive
medications. Additionally, there was no significant
difference between salivary flow rate and the number
of antihypertensive medications used by the subjects.
The results are in agreement with Navazesh et al who
showed that there was no significant difference
between groups taking one or more than one xerogenic
drugs®. However, this is contrast to a study in that
the decrease in both parotid and submandibular
salivary flow rates was observed with increasing
number of medications and systemic diseases®?.
Regarding the duration of the use of xerogenic
drugs and hyposalivation, in a previous study by
Navanesh et al, it was found that the subjects who had
been taking medication for longer than 2 years had
significantly lower unstimulated and stimulated
salivary flow rates than patients had been taking
medication for 1 to 2 years®. Contrarily, there was no
association between hyposalivation and duration of
taking antihypertensive medication in the present
study.

The authors also found that the medicated
hypertensive group had higher numbers of mutans
streptococci, Lactobacilli spp. and Candida spp.
compared to that of the control group. The results
of the present study are in accordance with Almstahl
et al in that increase of mutans streptococci,
Lactobacilli spp. and Candida spp. was associated
with hyposalivation®®. Furthermore, Khovidhunkit
et al found that patients with type II DM with
hyposalivation had a higher number of mutans
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streptococci, Lactobacilli spp. and Candida spp.
compared to that of patients without hyposalivation®?.
These indicate that hyposalivation may increase the
number of oral microbes.

The mean of DMFT and missing teeth in the
medicated hypertensive group was significantly higher
than that of the control group. However, there was no
statistically significant difference in the number of
decay and filled teeth between the two groups. This
might be explained by the fact that dental caries is a
multifactorial disease. The reduction of salivary flow
rate is not a single factor that induced dental caries. It
may be influenced by other factors such as bacterial
plaque, oral hygiene, diet and other variables such as
social class, income, education, knowledge, attitudes,
and behavior. In addition, the DMFT index is a life-time
cumulative index of dental disease and treatment and
may have little bearing on caries activity at a specific
point in time®?. Although the cariogenic effect from
xerostomia and hyposalivation is still inconclusive, it
is unwise to mention that it is not necessary to manage
the xerostomia and hyposalivation for the patients
taking antihypertensive medications.

In conclusion, the present findings reveal
that xerostomia, hyposalivation and the increase
number of oral microbiota were prevalent in patients
with hypertension who were medicated. The present
study also emphasized that the identification of persons
at risk and routine longitudinal monitoring of their
salivary gland production as a preventive measure are
important. Whole saliva evaluations are easy to be
obtained in a clinical setup and reliable in identification
of persons at risk. Once these persons are identified,
available therapeutic modalities should be offered to
manage the xerostomia and hyposalivation. Significant
emphasis should be placed on preventive oral care in
the management of patients with xerostomia and
hyposalivation. Management of these conditions
may include daily oral hygiene maintenance, frequent
professional oral evaluations and care, hydration,
lubrication, stimulation of the salivary glands,
nutritional counseling, and avoidance of irritants
such as alcohol and tobacco. In addition, in cases with
severe hyposalivation, fluoride application should be
advocated.
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