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Association between crack cocaine use
and reduced salivary flow

Abstract: Crack cocaine use appears to have an impact on oral
conditions. However, changes in the salivary flow among crack users
have not been fully clarified. The aim of this study was to compare
stimulated salivary flow and the occurrence of hyposalivation
between crack users and non-users. A cross-sectional study was
conducted involving 40 crack users and 40 controls matched for sex,
age, and smoking habits. Interviews were conducted to acquire data
on the perception of dry mouth (xerostomia) and drug use. Stimulated
salivary flow was determined using the spitting method. A significant
reduction in stimulated salivary flow was found among crack users in
comparison to non-users (1.02 vs. 1.59 ml/min). A total of 42.5% and
15% of crack users had very low and low stimulated salivary flow,
respectively. Moreover, 65% of users reported xerostomia in comparison
to 37.5% non-users (p < 0.012). No significant association was found
between xerostomia and hyposalivation (p = 0.384). A multivariate
analysis revealed that individuals older than 26 years of age, those
with a low household income, and crack users (prevalence ratio: 2.59)
had a significant association with the occurrence of hyposalivation.
A significant association was found between the use of crack and
reduced salivary flow. The use of crack was associated with the
occurrence of hyposalivation in the multivariate analysis.
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Introduction

Crack cocaine use is characterized as a public health problem mainly
due to the systemic!? and behavioral consequences.’ In the oral cavity,
crack appears to generate heat, vasoconstriction, harmful effects to the
immune response, and higher prevalence of periodontitis.*>*” However,
the occurrence of changes in salivary flow among crack users has not
been fully clarified.

Saliva has different functions in the oral cavity, such as physical-mechanical
cleaning, tissue protection, lubrication, hydration, permeability barrier
formation, changes in microbiota, the regulation of the calcium/phosphate
balance, antacid action, the digestion of the food bolus, and swallowing.®
Salivary flow is essential for these actions’ and a reduction in salivary flow
can lead to an increase in the occurrence of dental caries, oral infections,
gastrointestinal complications, and a reduction in the quality of life.*"
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Hyposalivation is defined as an objective measure
of a reduction in salivary flow and is associated
with xerostomia, which is the subjective perception
of dry mouth."”” Hyposalivation can be caused by
different factors, such as systemic diseases, the use
of medications, radiotherapy of the head and neck,"
and the use of illicit drugs.’**

Cannabis, ecstasy, and methamphetamine are
illicit drugs already associated with dry mouth."***>
Despite the sympathomimetic effects of cocaine,
there is little evidence of dry mouth found in the
drug dependents.’® A study of crack users showed
a reduced pH and normal salivary flow compared
to non-users.”

The effect of crack in salivary flow is poorly
known. This information is important for planning
prevention strategies as well as improving healthcare
and recovery of dependent individuals. Thus, the
aim of the present study was to compare stimulated
salivary flow between crack users and non-users.

Methodology

Participants and study design

A cross-sectional study with a control group
was conducted in the city of Santa Maria, state of
Rio Grande do Sul, Brazil, in two facilities for the
treatment of chemical dependency. The data were
collected between August 2012 and December 2013.
This study received approval from the human research
ethics committee of the Franciscan University Center
(Brazil) under process number 02451812.6.0000.5306.
All participants signed a statement of informed consent.

Eligible individuals exposed to crack were in
treatment for chemical dependency, used the drug
for at least 1 year, and were free of neurological
or psychological disorders. Further details on the
methods used in this study can be found in a previous
publication.” Each crack user was paired with a
control who had never used any street drugs and
was matched for sex, age (£ 3 years), and exposure
to tobacco (smoker or never smoked). This group
was recruited from public schools and screening
(previously submitted for dental examination) at the
dentistry course of the Franciscan University Center
in Santa Maria, state of Rio Grande do Sul, Brazil.
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The sample was calculated based on the difference
inmean and standard deviation of salivary pH between
crack users and controls (711 + 0.21 and 7.26 + 0.25,
respectively),”” at a 5% significance level and 95%
confidence interval. Considering a proportion of 1:1, a
minimum of 38 participants was needed for each group.

Data collection

A face-to-face questionnaire was administered on
the use of drugs (crack, cocaine, heroin, marijuana,
alcohol, tobacco, and others). This questionnaire has
been tested and adapted for use on the Brazilian
population.’® Demographic, socioeconomic, medical,
and dental data were also collected.

Exposure and adjustment variables

The variables were categorized into the following:
age in years [< or >26 years (median of controls)]; sex
(female or male); self-reported skin color (white or
non-white); schooling in completed years of study;
household income based on the Brazilian monthly
minimum salary [BMMS = R$750, approximately
equivalent to US$ 300 during the study (median of
controls: <1 / >1 BMMS)]; tobacco use [non-smoker (<
1 pack in lifetime) and smoker (current smoker)]; crack
cocaine use [(never used/used for at least one year)
or (adapted’®)]; xerostomia [does your mouth feel dry?
(no or yes)”]; the use of medications that can reduce
salivary flow [diuretics, laxatives, antacid, anorectic,
antihypertensive, antidepressant, antipsychotic,
sedative, antihistamine, anticholinergic, Parkinson’s
medication (yes or no)]; decayed, missing, filled teeth
(DMFT) index [(median of controls: <5 / > 5y°]; missing
teeth (median of controls: < 2 or > 2); periodontal
disease [defined as at least three sites with clinical
attachment level (CAL) > 4 mm and at least two sites
with probing depth (PD) > 3 mm]. However, these
conditions did not have to be present at the same site
or tooth.” All erupted teeth (except third molars) were
evaluated. The clinical examinations were performed
by a single examiner who had undergone training
and calibration exercises. The PD, CAL, and DMFT
measures were determined on 22 individuals and
repeated after a 2-h period. The Kappa coefficients
ranged from 0.83 to 0.96 prior to and 7 months after
the onset of the study.



Stimulated salivary flow

The amount of saliva was determined by the
chewing of a mechanical stimulus (2 x 2 cm strip of
rubber). The participants were instructed not to eat,
drink (except water), or smoke 1 h prior to the saliva
collection. Salivary flow was determined using the
spitting collection method* between 8:30 am and
12 pm. The participant was seated in a comfortable chair
and instructed not to speak or interrupt the collection
process. Otherwise, the collection would be initiated
again. Chewing was performed with a sterile strip of
rubber of a standardized size and the collection duration
lasted for 5 min. Prior to the collection, the participants
were instructed to maintain a regular and calm chewing
pace. The collection of saliva after the first 2 min was
discarded to avoid the possible presence of food scraps
that could influence the weight of the saliva. After every
60 s, the patients expelled the saliva into a previously
defined and weighed recipient. The researcher timed
the collection with a chronometer. The amount of saliva
was determined based on weight, which was measured
using a precision scale (Balanca Eletronica, Gehaka BG
200). Saliva was expressed as ml/min, which is similar to
g/min and was used to determine the velocity of salivary
secretion. Salivary flow was determined by a trained
examiner. Stimulated salivary flow was categorized
as normal (> 1 ml/min), low (0.7-1.0 ml/min) or very
low (< 0.7 ml/min).*? Hyposalivation was considered
when a participant had low salivary flow (£ 1 ml/min).

Data analysis

The data were expressed as mean, standard deviation,
and median values. The Shapiro-Wilk test was used to
determine the distribution (normal or non-normal) of
the data. Simulated salivary flow, hyposalivation, and
xerostomia were compared between crack users and
non-users using the Wilcoxon and McNemar tests,
with a 5% level of significance. Poisson regression
models with robust variables were run to evaluate
co-variables (age, sex, skin color, crack use, smoking,
alcohol use, xerostomia, missing teeth, and the DMFT
index) associated with hyposalivation. Variables with a
high p-value were removed from the model one by one
until only those with a p-value <0.20 remained. The data
were analyzed with the aid of the Statistical Package for
the Social Sciences (SPSS, version 22.0, Chicago, IL, USA).
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Results

In total, 74 crack users were eligible for the study.
Of these, 21 were excluded for being pregnant, HIV
positive and/or having used crack for less than 1 year,
8 were considered unable to answer the questions
during the interview, 3 refused to participate, and 2
were not present during the three attempts to obtain
the collections. The total sample was composed of 83
individuals. Additionally, 2 crack users and 1 non-user
were excluded due to problems during the collection,
transportation, and weighing of the saliva samples.

Thus, the data from 80 individuals (40 in
each group) were analyzed. Both groups were
predominantly male (80%), 85% were smokers and
15% were non-smokers, and age ranged from 14 to
46 years (Table 1). Exposed individuals used crack for
4.6 £3.72 years, with a mean of 20.72 £ 26.28 rocks per
day. Mean duration in the rehabilitation facility was
7990 £ 84.64 days, but 35% had been interned for less
than 21 days. A majority of crack users had previously
or concomitantly taken other street drugs, such as
marijuana (75%), cocaine (87.5%), and inhalants (37.5%).

Table 1. Distribution of demographic variables of participants
(n = 40).

Crack users Crack non-users

Variable
n (%) n (%)
Matched characteristics
Age (Years)
Mean + SD 27.32 +7.27 26.43 * 6.99
Sex
Female 8 (20) 8 (20)
Male 32 (80) 32 (80)
Tobacco use
Non-smoker 6 (15) 6 (15)
Smoker 34 (85) 34 (85)
Unmatched characteristics
Ethnicity
White 31 (77.50) 28 (70)
Non-white 9 (22.50) 12 (30)
Schooling (years)
Mean = SD 9.81 =£2.13 8.54 = 2.70

Household income

Mean = SD 1548.65 + 729.77 1370.71 = 906.85
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Crack users exhibited a significant reduction in
stimulated salivary flow compared to non-users
(1.02 vs. 1.59 ml/min, respectively) (p < 0.001). A total
of 42.5% and 15% of crack users had very low and
low stimulated salivary flow, respectively (p < 0.001).
Moreover, 65% of crack users perceived dry mouth in
comparison to 37.5% on non-users (p < 0.012) (Table 2).
However, no significant association was found between
xerostomia and hyposalivation (p = 0.384) (Figure 1).

The crude model revealed that the prevalence of
hyposalivation was 2.88-fold greater among crack
users. After adjustment for possible confounding
variables, the prevalence of hyposalivation was
2.59-fold greater among crack users (prevalence
ratio, 2.59 and 95% confidence interval, 1.37-4.90).
Moreover, the multivariate analysis demonstrated
that the prevalence of the outcome was also
significantly higher among individuals older than
26 years and those with a household income less
than the BMMS (Table 3).

Discussion

In the present study, salivary flow was compared
between crack users and non-users and a significant
reduction in stimulated salivary flow along with
a greater occurrence of hyposalivation was found
among the crack users.

The occurrence of xerostomia in users of illicit
drugs has been reported in previous studies, which is
inagreement with the present findings."**">* However,
only one study compared the salivary characteristics
between crack users and controls that detected the
changes in salivary pH but not in salivary flow or
buffering capacity (p > 0.05).”” Likewise, nearly all
crack users took other legal and street drugs prior or
concomitantly to crack, such as marijuana, cocaine,
and tobacco, and alcohol. The control group was
composed nearly completely of smokers. These factors
may have contributed to the reduction in salivary
flow in both groups.*

A reduction in normal salivary flow may or
may not be accompanied by xerostomia, which
is characterized by a subjective sensation of dry
mouth.'””* In the present study, xerostomia was not
significantly associated with a reduction in salivary

4 Braz. Oral Res. 2017;31:e42

Table 2. Comparison of stimulated salivary flow and
xerostomia between crack users and non-users (n = 40).

Variable Crack users Crack non-users p
Stimulated salivar flow (ml/min) <0.001*
Mean = SD 1.02 = 0.70 1.59 + 0.64
Median
o5 pys)  087(0.46-1.52) 1.34(1.07-2.10)
Salivar flow <0.001*
Normal 17 (42.5) 32 (80.0)
(>1 ml/min) ' '
Low
(091 i/ 6 (15.0) 7 (17.5)
Very low
(<0.7 ml/min) 17 (42.5) 1(2.5)
Xerostomia 0.012**
No 14 (35.0) 25 (62.5)
Yes 26 (65.0) 15 (37.5)
*Wilcoxon test; **McNemar test.
2.5 1
1.60+0.68%
1.55+0.59¢
24 1.10+0.82°
<
S
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Figure 1. Association between xerostomia and stimulated salivary
flow in crack users and non-users (§ Mean = standard deviation).
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Table 3. Association between hyposalivation and demographic, behavioral, and clinical variables.

Variable n Hyposalivation n (%)
Age (years)

<26 41 10 (24.4)

> 26 39 21 (53.8)
Household income*

< 1 BMW 38 20 (52.6)

> 1 BMW 42 11(26.2)
Crack users

No 40 8 (20.0)

Yes 40 23 (57.5)
Missing teeth

< 2 teeth 65 23 (35.4)

> 2 teeth 15 8 (63.3)
Periodontitis

No 52 15 (28.8)

Yes 28 16 (57.1)
DMFT

<5 39 9 (23.1)

>5 41 22 (53.7)

RP* (95% Cl) crude p RP* (95%Cl) Adjusted p

1.0 0.011 1.0 0.001
2.21 (1.20-4.07) 2.52 (1.50-4.24)

1.0 0.015 1.0 0.024
0.45 (0.24-0.8¢) 0.52 (0.29-0.92)

1.0 0.002 1.0 0.003
2.88 (1.46-5.65) 2.59 (1.37-4.90)

1.0 0.163 - -
1.51 (0.85-2.68)

1.0 0.012 - -
1.98 (1.16-3.38) -

1.0 0.010 - -
2.33 (1.23-4.41) . .

#BMW, Brazilian minimum wage; *PR: Prevalence ratio (Poisson regression model) (-Variables that remained not retained in the final model).

flow (hyposalivation), which is in agreement with
data described in the literature.’

Different factors are associated with the reduction
in salivary flow, such as smoking, alcohol, the use of
street drugs, beverages with caffeine, and systemic
diseases (especially Sjogren’s syndrome).**”” However,
reduced salivary flow is more commonly associated
with the use of medications, such as diuretics,
laxatives, antacids, anorectics, anti-hypertension
agents, antidepressants, antipsychotics, sedatives,
antihistamines, anticholinergics, and medications
for the treatment of Parkinson’s Disease.!4282
Individuals who take two or more medications have
a 5.5-fold greater chance of having low salivary flow
(< 0.7 ml/min) in comparison to individuals who take
no medication.” Among the crack users in the present
study, 52.5% were taking some type of medication
at the time of saliva collection, such as anxiolytics,
anticonvulsants, antihistamines, antipsychotics, and
antidepressants. However, no association was found
between the use of medication and hyposalivation.
This may be explained by the fact that 73.4% of crack

users were taking medications only at the beginning
of the treatment period (detoxification period in a
maximum of 21 days).

In the adjusted model, an age over 26 years,
income, and crack use remained associated with
hyposalivation. A meta-analysis showed that the
aging process is associated with reduced salivary
flow.* Drug use may be associated with systemic and
local factors. With regard to systemic factors, some
drugs may increase sympathetic activity in the central
nervous system, reducing salivary secretion through
the stimulation of alpha receptors.” Considering local
factors, drug use seems to generate vasoconstriction,*®
which is similar to what occurs among smokers and is
also associated with a reduction in salivary control.*

The gold standard for determining the limit between
normal and abnormal salivary flow is not yet clear in the
literature. However, normal salivary flow is considered
to be between 0.7 and 1.5 ml/min.?> Some authors
consider hyposalivation to be at a stimulated salivary
flow with a rate lower than 0.7 ml/min,* whereas
others consider 0.5 ml/min to be the cutoff point.®
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Ericsson and Hardwick® propose three categories for
mean stimulated salivary flow: > 0.7 ml/min, very low;
0.7-1.0 ml/min, low; and 1 ml/min, normal. However,
such limits are not well established. In the present
investigation, hyposalivation was defined as below
<1 ml/min due to the small prevalence of very low
stimulated salivary flow (< 0.7 ml/min) in the control
group. Moreover, our interest was to evaluate factors
that can exert an impact on salivary flow rather than
the impact of hyposalivation on oral conditions. Most
studies addressing reduced salivary flow use the
spitting collection method established by Navazesh™.
Objective measures of saliva quantity and quality are
obtained through salivary stimulation® and different
methods are used to stimulate salivary secretion,
including the chewing of gum, paraffin wax, rubber
strips, and citric acid.®

There is evidence that a very low salivary flow
significantly increases the risk of developing dental
caries®, which underscores the importance of the
recognition of reduced salivary flow by dentists.
Because a permanent manner for increasing saliva
is not yet known,¥ preventive measures regarding
dental caries should be performed.

The present study has limitations that should be
addressed. The two study groups were composed of
convenience samples; therefore, the findings do not
represent the general population. Moreover, reference
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