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Abstract

Objectives

To assess salivary flow in older patients with type 2 diabetes mellitus (DM2) and its associa-

tion with xerostomia.

Methods

Cross-sectional clinical study conducted with older patients diagnosed with type 2 diabetes

for at least one year receiving treatment at the Integrated Center for Diabetes and Hyperten-

sion of Ceará (CIHD) in the city of Fortaleza, Ceará, Northeastern Brazil. Oral clinical exami-

nation was carried out to assess the decayed, missing and filled teeth index (DMFT).

Perception of the presence of xerostomia/dry mouth was assessed using the Visual Ana-

logue Scale. Stimulated salivary flow was measured and samples were obtained using an

extra-soft silicone device.

Results

120 older patients with diabetes (60 insulin-dependent and 60 non-insulin-dependent) aged

65–91 years, with a mean age of 72.26 ± 6.53 years, were assessed. Of these, 111 (92.5%)

presented a decrease in salivary flow while 59 (49.2%) reported moderate to severe xeros-

tomia/dry mouth. The DMFT Index presented a mean of 27.53 ± 4.86 teeth.

Conclusions

Reduced salivary flow was found in the group assessed in the present research; however,

this finding is not in accordance with the perception of xerostomia/dry mouth reported by the

patients.
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Introduction

According to the Global Health Observatory (GHO) of the World Health Organization

(WHO), 70 years was the average life expectancy in 2012. In developing countries such as Bra-

zil, there has been a rapid increase in life expectancy in recent decades and data have shown

that it has doubled in the past century. It is estimated that 25% of the population will be over

the age of 60 years by 2025, compared to 8.6% in 2000 and 4% in 1950 [1].

This rapid and unprecedented increase in human life expectancy is associated with changes

in the prevailing patterns of disease and morbidity of conditions that mostly affect the older

population. For instance, chronic diseases such as heart disease, dementia, depression, cancer,

fall-related injuries and diabetes mellitus (DM) are most likely to affect older individuals

[2–4].

Among these pathologies, DM stands out as a common serious age-related disease. It is esti-

mated that 17.4% of Brazilians aged between 60–69 years have diabetes. In the US, over 25% of

the population aged�65 years have diabetes, while in France the prevalence is estimated to be

14.2% [5,6]. In addition to common chronic complications like heart disease, nephropathy,

neuropathy and retinopathy, DM has been associated with oral complications such as peri-

odontal disease (PD), hyposalivation and xerostomia–or dry mouth [7,8].

Saliva is a fluid with many functions such as oral digestion, oral mucosa lubrication, main-

tenance of the ecological balance in the oral cavity, antimicrobial activity and effective protec-

tion of teeth integrity by maintaining the pH in the oral cavity [9]. Hyposalivation affects the

quality of life due to the importance of salivary functions. It can be caused by conditions like

aging, use of certain drugs, diet, treatment with radiation and certain diseases such as diabetes.

Individuals with hyposalivation show a higher prevalence of periodontitis [10].

Given the importance of the oral health status of older people with diabetes, the aim of the

present study was to assess salivary flow and its association with xerostomia in older patients

with type 2 DM.

Methods

The study was approved by the Ethics Committee of the Universidade de Fortaleza under

Approval No. 788.534. Written consent was provided by the participants (or by their next of

kin in case of illiterate people) prior to participation in the research. The participants were

aware of the research objectives and anonymity was guaranteed.

This quantitative cross-sectional study was conducted with 120 patients diagnosed with

type 2 diabetes for at least one year receiving treatment at the Integrated Center for Diabetes

and Hypertension of Ceará (CIHD) in the city of Fortaleza, located in the state of Ceará,

Northeastern Brazil. The study included patients, regardless of gender, aged 65 years and

older: 60 insulin-dependent patients and 60 non-insulin-dependent patients.

Oral clinical examination was performed to assess dental conditions through the decayed,

missing and filled teeth index (DMFT index). The score range 0–32 was used to determine

dental conditions [11]. The cause of missing teeth (dental caries, periodontitis, or both) was

verified.

Perception of xerostomia was assessed using the Visual Analogue Scale (VAS) validated for

patient satisfaction by Brokelman et al. [12]. The following guiding question was used: “how

dry do you feel your mouth?”. The measurement was performed on a scale from 0 to 10

through which patients indicated the number related to their perception of oral dryness. Val-

ues 0–3 indicated none/mild dryness, 4–7 moderate and 8–10 severe.

The salivary flow measurement was performed by having patients chew an extra-soft sili-

cone device. Samples were obtained with the patient sitting comfortably with the head slightly
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tilted forward. Patients were told to chew the silicone device as it was tied to a 25cm dental

floss in order to prevent accidental swallowing. All patients who used dental prostheses were

required to wear them during measurement. The saliva produced during a period of 5 minutes

was collected and measured in a container graduated at 0.05ml. The volume of salivary flow

was calculated in ml/min (millimiter per minute). The patient was instructed not to swallow

any amount of saliva that was being produced. Additionally, the patient should keep the body

tilted forward in order to avoid saliva swallowing.

Sialometric values were given according to standards established by the Brazilian Associa-

tion of Halitosis (ABHA): 0.00–0.049 ml/min–asialia; 0.05–0.5 ml/min–severe hyposalivation;

0.51–0.9 ml/min–moderate hyposalivation; 0.91–1.19 ml/min–mild hyposalivation; 1.2–2.5

ml/min–ideal salivation; > 2.5 ml/min–sialorrhea [13].

Data were tabulated and statistical calculations were performed using the Statistical Package

for the Social Sciences (SPSS), version 22.0 (SPSS Inc., Chicago, USA). The normality of the

distribution of each variable was assessed using the Kolmogorov-Smirnov test. Fisher’s exact

test with significance level set at p<0.05 was used to check for associations between categorical

variables. The Kruskal-Wallis test with significance level set at p<0.05 was used to check for

associations of salivation rating with DMFT and tooth loss. T-test was used to compare DMFT

between genders.

Results

The research included 120 older patients: 38 (31.7%) men and 82 (68.3%) women. Age ranged

between 65 and 91 years, with a mean age of 72.26 ± 6.53 years (71.63 ± 5.95 years for men and

72.55 ± 6.80 years for women). There was a prevalence of married individuals (53.3%) and pri-

mary education (68.3%).

The time elapsed since diagnosis of DM2 ranged between 1 and 45 years, with a mean

of 15.95 ± 9.48 years. Patients who used insulin presented a time of evolution of diabetes

of 18.37±9.01 years while those who did not use insulin presented a time of evolution of

13.53±9.4 years (T-test, p = 0.007). No statistical significance was found when genders were

compared.

In all, 114 (95%) patients used at least one medication for diabetes control. A total of 113

(94.2%) patients had hypertension and used up to four antihypertensive drugs per day. Of

these patients, 48 (40%) used only one medication that could cause dry mouth symptoms, 44

(36.7%) used two or more medications that caused xerostomia, and 28 (23.3%) patients did

not use any medication with such effects. No significant statistical association was found

between the use of medications that caused xerostomia and salivation status when comparing

users and non-users of medications that cause dry mouth.

Table 1 shows that salivary flow rate ranged between 0.05 and 2.1ml/min, with a mean of

0.52±0.42ml/ min. Statistical significance (p = 0.015) was found only between genders and not

between insulin-dependent and non-insulin dependent individuals (0.338) (Table 1).

In Table 2 it is possible to observe that no statistically significant differences were found

between genders (p = 0.381) and use of insulin (p = 0.177) when analyzing the parameters of

salivary flow classification. However, a high prevalence of reduced salivary flow–mainly severe

hyposalivation–was observed. Additionally, gender (p = 0.947) and use of insulin (p = 0.561)

were not significantly associated with xerostomia/dry mouth (Table 2).

DMFT

The mean DMFT index score of both genders was 27.53±4.86. There was a mean of 0.31±0.9

decayed teeth. Regarding tooth loss, the results showed a mean of 25.28±7.49 missing teeth.
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There was a mean of 2.06 ± 3.42 filled teeth. The analysis of DMFT (p<0.001) and tooth loss

(p<0.001) by gender revealed a statistically significant association with female gender com-

pared to men. Tooth loss occurred due dental caries in 57 (47.5%) patients; periodontitis in 7

(5.8%) patients; and due to both diseases in 56 (46.7%) patients.

Insulin-dependent individuals had a greater number of missing teeth, with a mean of

26.10±6.98 missing components compared to a mean of 24.45±7.94 missing teeth in non-insu-

lin dependent individuals. However, there was no statistically significant difference (Table 3).

Table 1. Mean and standard deviation of salivary flow rate by gender and use of insulin.

Groups Salivary flow (ml/min) (Mean/SD) p

Gender

Women 0.47±0.41 0.015

Men 0.63±0.44

Use of insulin

Yes 0.50±0.43 0.338

No 0.54±0.42

Source: research data. Mann-Whitney test

https://doi.org/10.1371/journal.pone.0180891.t001

Table 2. Frequency and distribution of salivary flow classification and perception of xerostomia/dry mouth.

Variable Women N(%) Men N(%) p Insulin N(%) Non-insulin N(%) p

Salivary flow classification

Normal 4 (4.9) 5 (13.2) 0.381 5 (8.3) 4 (6.7) 0.177

Mild Hyposalivation 2 (2.4) 2 (5.3) 3 (5.0) 1 (1.7)

Moderate Hyposalivation 19 (23.2) 8 (21.1) 8 (13.3) 19 (31.7)

Severe Hyposalivation 52 (63.4) 23 (60.4) 41 (68.4) 34 (56.7)

Asialia 5 (6.1) 0 (0) 3 (5.0) 2 (3.2)

Perception of xerostomia/dry mouth according to VAS

None/mild 41 (50.0) 20 (52.6) 0.947 33 (55.0) 28 (46.7) 0.561

Moderate 37 (45.1) 16 (42.1) 25 (41,7) 28 (46.7)

Severe 04 (4.9) 02 (5.3) 02 (3.3) 04 (6.6)

Source: research data. Fisher’s Exact test

https://doi.org/10.1371/journal.pone.0180891.t002

Table 3. Distribution of the DMFT index and tooth loss by gender and use of insulin.

DMFT Mean/SD p Tooth loss Mean/SD p

Gender

Men 25.29±5.18 <0.001 20.84±8.12 <0.001

Women 28.57±4.36 27.33±6.23

Use of Insulin

Yes 28.03±4.85 0.183 26.10±6.98 0.237

No 27.03±4.86 24.45±7.94

Mann-Whitney test

https://doi.org/10.1371/journal.pone.0180891.t003
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Discussion

The oral health of patients with diabetes has been widely studied over decades. The studies are

primarily focused on the relationship between diabetes and periodontal disease. Initially, the

studies have assessed the effects of diabetes on gingivitis and periodontitis; then, the studies

sought a bidirectional relationship in which periodontal diseases could hinder glycemic con-

trol [14–17, 7], which confirms the importance of dental care for patients with diabetes.

The present study presented a higher prevalence of female individuals, confirming the idea

that women are more affected by diabetes than men in Brazil [18]. The higher prevalence of

women can be explained by their greater use of health services as well as their greater aware-

ness of the signs and symptoms of the disease and adherence to diagnostic tests [19, 20]. Given

the high risk of developing DM2, particularly with aging, the mass screening of asymptomatic

individuals should be put into effect in order to predict and prevent such a public health prob-

lem in populations. However, effective early detection methods have not been proven yet [21].

It has also been observed that the time elapsed since diagnosis of diabetes was higher

among insulin-dependent patients compared to non-insulin-dependent patients, with a mean

of 18.37±9.01 years and 13.53± 9.4 years, respectively (p = 0.007). Significant differences were

found in a study that sought to identify the same relationship in patients over the age of 30

(9.6±9.2 years for insulin-dependent patients and 6.0±6.1 years for non-insulin-dependent

patients, with p = 0.043) [22].

Although findings of Silva et al. [18] revealed that the dental care provided to patients with

such diseases is still poor in Brazil, it is important to highlight that the Integrated Center for

Diabetes and Hypertension of Ceará (CIHD), where this study was carried out, is highly con-

cerned about the oral health of its patients. Dental care is provided at the CIHD and all patients

with diabetes can have regular dental appointments for treatments and prevention.

The results of the DMFT index for both genders are in accordance with the latest regional

figure reported by the Ministry of Health of Brazil in 2010, which indicated a mean of 27.2

teeth in people aged 65–74 years in the city of Fortaleza [23]. However, this value is slightly

below the one found in a study conducted in the same city with people in the same age group–

30.7 teeth [24]. The periodontal conditions of the older people in the present study are better

than those of people aged 65–74 years assessed in Project SB Brasil 2010 with regard to the

presence of shallow (4 to 5 millimetres) and deep periodontal pockets (6 millimetres or more).

The dental care provided at the Center for Diabetes and Hypertension of Ceará (CIHD) may

explain the better oral condition of these patients compared to that of the general population

of Northeastern Brazil.

Statistically significant difference (p<0.001) was found between genders with regard to the

number of missing teeth in the DMFT index. The values found indicate that women experi-

ence tooth loss more than men. Among the studies referenced in this research, only the one by

Colussi, Freitas and Calvo [25] presented results that are similar to the ones found in the pres-

ent study.

Such findings may be explained by the fact that women seek dental care more often than

men and are hence subjected to non-conservative and/or iatrogenic procedures throughout

life [26]. On the other hand, the low rate of decayed teeth observed, much lower than the rate

of filled teeth, may be due to the existing dental care provided by dentist-surgeons specially

trained in the care of patients with diabetes.

Regarding the perception of xerostomia/dry mouth, 49.2% of the interviewees reported feel-

ing moderate to severe dry mouth. With regard to gender, 41 (50%) women and 18 (47.4%)

men reported moderate to severe xerostomia. A total of 27 (45%) individuals who used insulin

and 32 (53.3%) individuals who did not use insulin reported moderate to severe xerostomia.

Salivary flow and xerostomia in older patients
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This result is close to the results of the studies by Närhi et al. [27] and Collin et al. [28], in

which over 50% of the interviewees complained of xerostomia. The perception of xerostomia

may be explained by the use of medications with potential xerostomic effects– 92 (76.7%)

patients used at least one drug with such side effects.

According to Coimbra et al. [29], most of times the causes of xerostomia are not directly

related to the aging process or age-related diseases; they are, indeed, related to the prolonged

use of certain medications like anticholinergics, tricyclic antidepressants and antihyperten-

sives, especially diuretics.

The study by Lin et al. [30] suggests that patients diagnosed with type 2 diabetes who

complain of xerostomia are more likely to suffer a decrease in salivary flow. Hyposalivation

at different levels was observed in 111 (92.5%) patients, ranging from mild reduction to

asialia. Because of the wide variety of tests for measuring salivary flow, many studies have

presented conflicting results. The methodological heterogeneity and the lack of studies com-

paring salivary flow and xerostomia among diabetic groups–insulin-dependent and non-

insulin dependent individuals–reveal the need for further studies on this issue. The associa-

tion between low saliva production and moderate to severe xerostomia observed in this

study was not significant (p = 0.489), showing that xerostomia is not associated with hyposa-

livation only.

With regard to stimulated salivary flow, only 13.2% of men and 4.9% of women presented

normal values of salivary production. Normal salivary flow was found in 8.3% of insulin-

dependent patients and in 6.7% of non-insulin dependent patients. Additionally, severe reduc-

tion of salivary flow was the most prevalent condition in both genders as well as in insulin-

dependent and non-insulin dependent patients.

The change in salivary flow in diabetic patients is caused by multiple factors like the changes

in the parenchyma of the salivary gland [31], glycosuria caused by mild hyperglycemia [32],

and diabetes complications such as neuropathy, angiopathy and metabolic dyscontrol,

decreasing the activity of the enzymes located in the salivary glands and hence affecting its

function [33].

Older people who presented hyposalivation also presented a smaller number of teeth com-

pared to a group of older people with normal salivation [10]. Older people with greater tooth

loss and who use prostheses also suffer a decrease in salivary flow [34]. The failure in mastica-

tory rehabilitation is a factor that can enhance hyposalivation.

It is known that the vast majority of older people present physiological salivary reduction,

tooth loss, use prostheses, use long-term medications and are affected by chronic degenerative

diseases. However, the 65-year-old diabetic patients assessed in the present research showed

sialometric values lower than those found in studies with diabetic and non-diabetic individuals

aged 60 [34, 35].

No statistically significant difference was found when comparing salivary flow between

insulin-dependent and non-insulin-dependent older people. With regard to gender, stimu-

lated salivary flow was higher in men (0.63±0.44ml/ min) compared women (0.47±0.41ml/

min) (p = 0.05). This difference is contradictory to the results of the study by Lima et al. [36]

and Cabrera et al. [37], in which there was no statistically significant difference in salivary flow

by gender.

Since the research universe was focused on a single municipality, its results cannot be

extrapolated and characterize a limitation of this study. However, the study was conducted in a

large city of Brazil; therefore, its results may also be found in other places and hence allow the

measurement of the impact of diseases in addition to serving as a basis for equity in public

health care policies.
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Thus, although the present study is limited to one single large reference hospital, it is

expected to draw attention to the magnitude of the problem and the need for further research

on the issue globally.

Conclusions

Women in the present research presented significantly higher mean DMFT scores and tooth

loss rates than men. A high prevalence of hyposalivation was observed in the current study, in

which only 9 (7.5%) patients presented normal values of salivary production and 75 (62.5%)

presented severe reduction.

No statistically significant association was found between the use of medications that

caused xerostomia and salivation status. Reduced salivary flow was prevalent in the group

assessed in the present research. However, this finding is not in accordance with the percep-

tion of xerostomia/dry mouth reported by the older patients. Such hyposalivation may be

related to the many risk factors for reduction in salivary flow found in the group analyzed, par-

ticularly the advanced age, DM2 and tooth loss.

Author Contributions

Conceptualization: Danilo Lopes Ferreira Lima, Maria Vieira de Lima Saintrain, Jean André
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