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Study of the Buffering Capacity, pH and Salivary Flow
Rate in Type 2 Well-Controlled and Poorly Controlled
Diabetic Patients

Maria José Bernardi@/Alessandra ReisP/Alessandro Dourado Loguercio®/
Ruth Kehrig¢/Mariana Ferreira Leited/José Nicolaud

Purpose: This study measured the flow rate, pH and buffering capacity of saliva from well- and poorly metabolically controlled
Type 2 diabetic patients in three cities of the southern part of Brazil, compared with healthy individuals from the same cities.

Materials and Methods: Whole saliva was collected by mechanical stimulation and buffering capacity and glucose level were
measured. Blood was collected after 12 hours fasting and glucose and glycosylated haemoglobin concentrations were deter-
mined. The data were analysed by one-way ANOVA and Student-Newman-Keuls (a = 0.05).

Results: The flow rate was lower in the Type 2 diabetic patients, regardless of whether they were well or poorly metabolically
controlled, compared with healthy individuals (p < 0.05). Salivary glucose concentration was higher in both diabetic patient
groups, i.e. well and poorly metabolically controlled, than in the control (p < 0.05).

Conclusion: The metabolic control of hyperglycaemia was not sufficient to improve the salivary flow rate or the salivary glu-

cose concentration.
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ccording to the Report of the Expert Committee on

the Diagnosis and Classification of Diabetes Melli-
tus, diabetes mellitus is a group of metabolic diseases
characterised by hyperglycaemia resulting from de-
fects in insulin secretion, insulin action or both (Report
of the Expert Committee on the Diagnosis and Classi-
fication of Diabetes Mellitus, 1997). Chronic hypergly-
caemia of diabetes is associated with long-term dam-
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age, dysfunction, or failure of various organs, espe-
cially the eyes, kidneys, nerves, heart and blood ves-
sels (Report of the Expert Committee on the Diagnosis
and Classification of Diabetes Mellitus, 1997). Dia-
betes includes two forms: Type 1 diabetes, in which the
pancreas p-cells lose their capacity to produce insulin;
and Type 2 diabetes, in which a defect in the B-cells or
a reduction in tissue sensitivity to insulin are neces-
sary for disease manifestation. Oral health complica-
tions associated with diabetes include xerostomia,
tooth loss, gingivitis, and soft tissue lesions of the
tongue and oral mucosa (Darnell and Saunders, 1990;
Lamey et al, 1992; Loe et al, 1993).

Reports demonstrating high prevalence of dental
caries in diabetic patients (Albrecht et al, 1988; Jones
et al, 1992; Swanljung et al, 1992; Karjalainen et al,
1997; Twetman et al, 2002) are contradicted by re-
ports showing no difference (Bacic et al, 1989; Edblad
et al, 2001) or a lower prevalence of dental caries in
diabetics than in healthy individuals (Matsson and
Koch, 1975; Tavares et al, 1991).
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Salivary secretions are important for oral health, ac-
complishing mechanical cleansing and protective
functions through a number of physiological and bio-
chemical mechanisms. Saliva has protective actions
by maintaining the integrity of oral mucous membrane
by lubrication and soft tissue repair.

Salivary parameters, such as flow rate, pH, buffer
capacity and saliva glucose concentration, have been
evaluated in diabetic individuals, however, with con-
flicting results (Marder et al, 1975; Sharon et al, 1985;
Lamey et al, 1986; Tenovuo et al, 1986; Chauncey et
al, 1987; Ben-Aryeh, 1988; Thorstensson et al, 1989;
Streckfus et al, 1994; Karjalainen et al, 1996; Belazi
et al, 1998; Collin et al, 1998; Dodds et al, 2000;
Chavez et al, 2001). Methodological differences in-
cluding method of choice, sample selection approach,
type of medication, patients with prosthesis, mouth
breather patients, age and the diabetic status are fac-
tors that may have contributed to the conflicting re-
sults found in saliva of diabetics. Also, most of the in-
formation regarding saliva flow and diabetes is about
the Type 1 form and therefore more studies should be
conducted on the Type 2 form.

The aim of this investigation was to examine some
salivary parameters as pH, flow rate, saliva glucose lev-
el, buffer capacity and self-report of xerostomia in stim-
ulated saliva from Type 2 diabetic patients classified
as well- and poorly metabolically controlled according
to the glycosylated haemoglobin levels.

MATERIALS AND METHODS
Subjects

The study included 82 Type 2 diabetic individuals
(31-86 years old) from the cities of Joacaba, Ouro and
Capinzal, located in the State of Santa Catarina, Brazil,
with medically confirmed diagnoses and identified by
WHO criteria, i.e. fasting blood glucose greater than or
equal to 126 mg/dl. Those using total prostheses and
mouth breathers were excluded from this study.

The diabetic patients were classified in two groups:
(a) well controlled (WC), when the glycosylated haemo-
globin (HbAlc) values were not greater than 8%; and
(b) poorly controlled (PC), with HbA1c values greater
than 8% (Matsson and Cerutis, 2001). The control
group consisted of 18 subjects from the same cities,
with no history of diabetes and a fasting blood glucose
level lower than 110 mg/dl, and of similar age. The
Ethics Committee from the University of Oeste of San-
ta Catarina approved the protocol of this study.
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Assessment of self-report of xerostomia

The subjective experience of dry mouth-(xerostomia)
was assessed by asking the subjects the question,
'Does your mouth usually feel dry?' at the time of sali-
va collection.

Saliva collection

Stimulated whole saliva was collected in the morning
(8-10 a.m.) to minimise the effect of circadian
rhythms, in a well-ventilated and lighted room. The sub-
jects were requested not to drink, eat or perform any
physical activity for at least 2 hours before saliva col-
lection. Whole saliva was collected for exactly 5 min-
utes, with mechanical stimulation, by chewing a base
chewing gum (approximately 1 g). The saliva secreted
in the first 30 seconds was degluted or discarded, af-
ter which 5 minutes were counted.

Blood collection

Venous blood from the arm was collected in the morn-
ing, after a 12-hour fasting period, by aspiration with a
syringe, in the Laboratory of Clinical Analysis by a
nurse.

Analysis

Blood and saliva glucose levels were measured by the
glucose-oxidase method, using a kit (Labtest Diagnos-
tica, Brazil). Glycosylated haemoglobin was deter-
mined using the glycosylated haemoglobin kit (Labtest
Diagnostica, Brazil). Saliva pH was measured using a
pH-meter (pHTEK, pH-100, Sao Paulo, Brazil) and the
buffer capacity was measured by mixing 1 ml of saliva
and 3 ml of 0.005 NHCI. After 5 minutes the final pH
was measured.

Statistical analysis

The results of subjective experience of xerostomia
from the three groups were compared using Fisher’s
exact test (a = 0.05).

The results of saliva pH, flow rate, buffer capacity
and saliva glucose levels were compared between
three groups (poorly and well-metabolically controlled
group and control) according to one-way ANOVA and
Student-Newman-Keuls test (o = 0.05). The correla-
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Table 1 Demographic characteristics of Type 2 diabetics, including those with good (Hb A 1c < 8) and poor
(Hb A 1c > 8) metabolic control
PC WC Control
Age group (years)
31-40 5 1 3
41-50 6 3 4
51-60 14 1 4
61-70 22 7 3
71-80 16 7 4
Total 63 19 18
Mean age + SD 54.3+10.1 63.6+12.3 57.7+15.6
Sex
Female 38 11 13
Male 25 8 5
Medicated subjects (%) 82.5 89.5 0
Cigarette/alcohol users (%) 15.9 315 16.6
Blood glucose level (mean = SD) (mg/dl) 169.0 £ 59.5 99.9+11.2 91.3+224
Hb Alc + SD (%) 10.5+1.8 72+0.6 6.2+0.15
PC, poorly metabolically controlled patients.
WC, well metabolically controlled patients.

Table 2 Number of individuals relating the feeling of dry mouth

Dry mouth PC WC Control
n (%) n (%) n (%)
Yes 34 (54) 9 (47) 0(0)
No 29 (46) 10 (53) 18 (100)
Statistical analysis a a b

PC, poorly metabolically controlled patients.
WC, well metabolically controlled patients.

different.

a,b Same letter indicates means not statistically different. Different letter indicates means statistically

tions between saliva pH, flow rate, buffer capacity and
saliva glucose levels and blood glucose levels were
tested, as well as the correlations with glycosylated
haemoglobin. The strength of the association between
these variables was estimated with the Pearson prod-
uct-moment correlation statistics (a0 = 0.05).

RESULTS
The demographic characteristics of the participants in

this study are shown in Table 1. Out of the 82 diabetic
patients, 19 (23%) presented WC, by the criteria of gly-
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cosylated haemoglobin (Hb Alc < 8)and blood glucose
levels (< 110.0 mg/dl), while 63 (77%) were classified
as PC based on the same criteria of glycosylated
haemoglobin (Hb Alc > 8) and blood glucose levels (>
126.0 mg/dl).

Table 2 shows the percentage of individuals that re-
ported a feeling of dry mouth. No participant of the con-
trol group related a feeling of dry mouth. However, 54%
and 47% of the patients from the PC and WC groups re-
ported the feeling of dry mouth respectively (p = 0.89).
No significant difference was observed between WC
and PC groups (p > 0.05), which were both statistically
different from the control group (p = 0.0001).
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Table 3 Results of stimulated salivary flow rate, salivary glucose level, initial and final pH of the buffer capacity de-
termination in each group

PC WC Control p-value
Flow rate (ml/min) 0.65+0.623 0.81+0.47a 1.95+0.73P <0.001
Saliva pH 6.8 £0.9¢ 6.7 £1.3¢ 6.7 +£1.8¢ 0.309
Glucose (mg/dl) 125+ 7.7d 12.7 +6.1d 3.7+£3.7¢ 0.001
Buffer capacity final pH 4.34 +1.58f 4.81+1.21f 4.45 + 1.45f 0.306

PC, poorly metabolically controlled patients.
WC, well metabolically controlled patients.

a-f Same letter in each row indicates means not statistically different. Different letter indicates means statistically different.

The flow rates, pH and buffer capacities of saliva ob-
tained in the present study are shown in Table 3. The
flow rates from the WC and PC were lower than that
from the healthy group. While the PC group showed a
mean flow rate 67% lower than the control subjects, a
reduction of 58% was observed in the WC patients.
With regard to salivary glucose levels, both diabetic
groups showed glucose levels higher than the control
group. No significant difference was observed in the
pH after acid challenge (buffer capacity).

Fig 1 shows the dispersion diagram of the variables
flow rate and blood glucose level and Fig 2 shows the
dispersion diagram of the variables flow rate and gly-
cosylated haemoglobin. In both figures it can be seen
that there are negative linear correlations between the
salivary flow rate and blood glucose (r = -0.57; p =
0.0005), and the salivary flow rate and glycosylated
haemoglobin (r =-0.61; p = 0.045) concentrations.

DISCUSSION

Diabetes is a chronic disease with long-term duration,
and an adequate metabolic control may delay the on-
set of the various health complications of the disease.
In the present study, some parameters of stimulated
whole saliva from patients with Type 2 diabetes (clas-
sified as WC and PC according to the glycosylated
haemoglobin level) were studied, and compared with
healthy individuals.

Changes in salivary flow rate in diabetic patients
have been reported in several studies, with contradic-
tory results. Reduced salivary flow rates in diabetics
has been reported in some studies (Harrison and
Bowen, 1987; Ben-Aryeh et al, 1988; Thorstensson et
al, 1989; Newrick et al, 1991; Chavez et al, 2001), but
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not in others (Sharon et al, 1985; Lamey et alm 1986;
Tenovuo et al, 1986; Dodds and Dodds, 1987; Streck-
fus et al, 1994).

In the present study, the stimulated salivary flow
rates of the diabetic groups were 53% (WC group) to
67% (PC group) lower than control group. In both dia-
betic groups the salivary glucose level was not statis-
tically different, but it was higher than salivary glucose
level of the control group, so it is possible that this may
have influenced the salivary flow rate. Increased sali-
vary glucose concentrations in diabetics have also
been reported by Karjalainen et al (1996). However,
contrary to the present study, these authors observed
that in diabetic patients with good metabolic control
the salivary glucose level was similar to the control
(Karjalainen et al, 1996). We observed a negative cor-
relation between stimulated salivary flow rate and
blood glucose concentrations, indicating that hyper-
glycaemia is a factor that influences the salivary flow
rate. It has been reported that no relationship was
found between a diminished salivary flow rate and the
duration of diabetes, but that there is a relationship be-
tween the flow rate and blood glucose level (Stefanio-
tis and Donta, 1990).

In the present study, the normalisation of the gly-
caemia in the WC patients did not improve the salivary
flow rate, once no difference with the PC was ob-
served. According to Zachariasen (1992), diabetes af-
fects the functional and structural integrity of the sali-
vary glands, thus the glycaemic control is not efficient
to normalise the flow rate. Dodds et al (2000) found
that although salivary flow rates were lower in diabet-
ic patients than in the control, they were not signifi-
cantly different.

In the present study, the samples were obtained from
persons living in three cities located in the interior
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Fig 1 Dispersion diagram showing a negative correlation be-
tween the variable stimulated flow rate and the blood glucose
concentration (r =-0.57; p = 0.0005).

of Santa Catarina state, aged from 31 to 80 years old,
so they may have different nutritional habits. Saliva
collected from these subjects presented a wide varia-
tion in pH, which may be seen by the slightly high stan-
dard deviation. It is possible that the mean pH level be-
low 7.0 in stimulated saliva may be due to alteration in
ion-content with age, as observed in the study by
Chauncey et al (1987). The buffering capacity is de-
fined as the ability of a solution to resist a change in
pH when an acid or base is added. In the saliva of in-
sulin-dependent diabetes, the buffer capacity has
been reported to be higher than in the control (Kjell-
man, 1970), but this has not been confirmed by later
studies (Tenovuo et al, 1986; Karjalainen et al, 1997).
Several methods to determine the salivary buffering
capacity are available, including colorimetric and elec-
trometric methods. In the present study, we opted to
mix saliva with an acid and measure the alteration of
pH by a pH-meter. Some reports relate the reduction of
the buffering capacity with the reduction of the flow
rate (Collin et al, 1998; Lughetti et al, 1999). In this
study no difference was observed in both initial pH and
buffering capacity of saliva from diabetic patients com-
pared with the control group.

The importance of verifying the xerostomia feeling
has been emphasised (Dodds et al, 2000; Vernillo,
2001), as this feeling is considered one of the main
buccal alterations in diabetics (Vernillo, 2001). In the
present study, approximately 50% of the diabetic pa-
tients (WC or PC) related the feeling of dry mouth, a re-
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Fig 2 Dispersion diagram showing a negative correlation be-
tween the variable stimulated flow rate and the glycosylated
haemoglobin (r =-0.61; p = 0.045).

sult thatis in agreement with the report by Moore et al
(2002).

The great variability of results reported in the litera-
ture may be explained by several factors, such as dif-
ferent study design, differences in sample popula-
tions, and different methods, nutritional habits, and
geographical locations.

In conclusion, the present study shows that the di-
abetic patients from these three cities of the southern
region of Brazil presented differences in salivary flow
rates and salivary glucose level compared with the
control, regardless of whether their diabetes was well-
or poorly metabolically controlled.

ACKNOWLEDGEMENTS

This research was carried out in University of Oeste de Santa Cata-
rina, Campus Joacaba, SC, Brazil.

REFERENCES

1. Albrecht M, Bacnéczy J, Tamas Jr G. Dental and oral symptoms
of diabetes mellitus. Community Dent Oral Epidemiol 1988;
16:378-380.

2. Bacic M, Ciglar I, Granic M, Plancak D, Sutalo J. Dental status
in a group of adult diabetic patients. Community Dent Oral Epi-
demiol 1989;17:313-316.

3. Belazi MA, Galli-Tsinopoulou A, Drakoulakos D, Fleva A, Pa-
panayiotou PH. Salivary alterations in insulin-dependent dia-
betes mellitus. Int J Paediatr Dent 1998;8:29-33.

77




Bernadi et al

4.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

78

Ben-Aryeh H, Cohen M, Kanter Y, Szargel R, Laufer D. Salivary
composition in diabetic patients. J Diabet Complications
1988;2:96-99.

. Chavez EM, Borrel LN, Taylor GW, Ship JA. A longitudinal analy-

sis of salivary flow in control subjects and older adults with type
2 diabetes. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2001;91:166-173.

. Chauncey HH, Feller RP, Kapur KK. Longitudinal age-related

changes in human parotid saliva composition. J Dent Res
1987;66:599-602.

. Collin HL, Uusitupa M, Niskanen L, Koivisto AM, Markkanen H,

Meurman JH. Caries in patients with non-insulin-dependent di-
abetes mellitus. Oral Surg Oral Med Oral Pathol Oral Radiol En-
dod 1998;85:680-685.

. Darnell JA, Saunders MJ. Oral manifestations of the diabetic pa-

tient. Tex Dent J 1990;107:23-27.

. Dodds MW, Dodds AP. Effects of glycemic control on saliva flow

rates and protein composition in non insulin-dependent dia-
betes mellitus. Oral Surg Oral Med Oral Pathol Oral Radiol En-
dod 1997;83:465-470.

Dodds MWJ, Yeh CK, Johnson DA. Salivary alterations in type 2
(non-insulin-dependent) diabetes mellitus and hypertension.
Community Dent Oral Epidemiol 2000;28:373-381.

Edblad E, Lundin SA, Sjoédin B, Aman J. Caries and salivary sta-
tus in young adults with type 1 diabetes. Swed Dent J
2001;25:53-60.

Harrison R, Bowen WH. Flow rate and organic constituents of
whole saliva in insulin-dependent diabetic children and ado-
lescents. Pediatr Dent 1987;9:287-291.

Jones RB, Mccallum RM, Kay EJ, Kirkin V, McDonald P. Health
and oral health behaviour in a population of diabetic outpatient
clinic attenders. Community Dent Oral Epidemiol 1992;
20:204-207.

Karjalainen KM, Knuutilla MLE, Kaar ML. Relationship between
caries and level of metabolic balance in children and adoles-
cents with insulin-dependent diabetes mellitus. Caries Res
1997;31:13-18.

Karjalainen KM, Knuuttila MLE, K&ar ML. Salivary factors in
children and adolescents with insulin-dependent diabetes mel-
litus. Pediatr Dent 1996;18:306-311.

Kjellman O. Secretion rate and buffering action of whole mixed
saliva in subjects with insulin-treated diabetes mellitus. Odon-
tol Revy 1970;21:159-168.

Lamey PJ, Darwazeh AM, Frier BM. Oral disorders associated
with diabetes mellitus. Diabet Med 1992;9:410-416.

Lamey PJ, Fisher BM, Frier BM. The effects of diabetes and au-
tonomic neuropathy on parotid salivary flow in man. Diabet Med
1986;3:537-540.

Loe H. Periodontal disease. The sixth complication of diabetes
mellitus. Diabetes Care 1993;16:329-334.

Lughetti L, Marino R, Bertolani MF, Bernasconi S. Oral health in
children and adolescent with IDDM - a review. J Pediatr En-
docrinol Metab 1999;12(suppl 2):603-610.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Marder MZ, Abelson DC, Mandel ID. Salivary alterations in dia-
betes mellitus. J Periodontol 1975;46:567-569.
Matsson L, Koch G. Caries frequency in children with.controlled
diabetes. Scand J Dent Res 1975;83:327-332.

Mattson JS, Cerutis DR. Diabetes mellitus: a review of the liter-
ature and dental implications. Compend Contin Educ Dent
2001;22:757-772.

Moore PA, Weyant RJ, Etzel KR, Guggenheimer J, Orchard T.
Type 1 diabetes mellitus, xerostomia, and salivary flow rates.
Oral Surg Oral Med Pathol Oral Radiol Endod 2002;92:281-
291.

Newrick PG, Bowman C, Green D, O'Brien IA, Porter SR, Scully
C, Corrall RJ. Parotid salivary secretion in diabetic autonomic
neuropathy. J Diabet Complications. 1991;5:35-37.

Report of the Expert Committee on the Diagnosis and Classifi-
cation of Diabetes Mellitus. Diabetes Care 1997;20:1183-
1197.

Stefaniotis TD, Donta CN. Incidence of xerostomia in patients
with drug-controlled diabetes mellitus. Hell Stomatol Chron
1990;34:97-101.

Sharon A, Ben-Aryeh H, ltzhak B, Yoram K, Szargel R, Gutman
D. Salivary composition in diabetic patients. J Oral Med
1985;40:23-26.

Streckfus CF, Wu AJ, Ship JA, Brown LJ. Stimulated parotid sali-
vary flow rates in normotensive, hypertensive, and hy-
drochlorothiazide-medicated. J Oral Pathol Med 1994;23:280-
283.

Swanljung O, Meurman JH, Torkko H, Sandholm L, Kaprio E,
Maenpaa J. Caries and saliva in 12-18-year-old diabetics and
controls. Scand J Dent Res 1992;100:310-313.

Tavares M, Depaola P, Soparkar P, Joshipura K. The prevalence
of root caries in a diabetic population. J Dent Res 1991;70:979-
983.

Tenovuo J, Alanen P, Larjava H, Viikari J, Lehtonen OP. Oral
health of patients with insulin-dependent diabetes mellitus.
Scand J Dent Res 1986;94:338-346.

Thorstensson H, Falk H, Hugoson A, Olsson J. Some salivary fac-
tors in insulin-dependent diabetics. Acta Odontol Scand
1989;47:175-183.

Twetman S, Johansson |, Birkhed D, Nederfors T. Caries inci-
dence in young type 1 diabetes mellitus patients in relation to
metabolic control and caries-associated risk factors. Caries Res
2002;36:31-35.

Vernillo AT. Diabetes mellitus: relevance to dental treatment.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2001;
91:263-270.

Zachariasen RD. Diabetes and xerostomia. Compend Contin
Educ Dent 1992;13:314-322.

Oral Health & Preventive Dentistry



