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ABSTRACT 
 
Diabetes mellitus has been documented to be associated with alterations in salivary composition and function. 
Therefore, the main aim of this case-control study was to determine the alterations of salivary alpha-amylase in 
diabetics compared to healthy people. A total of 40 type 2 diabetic subjects (15 male/ 25 female, aged from 42-
70 years, mean age 55.6 ±7.11) were selected. Also, the control group consisted of 40 clinically health people 
(20 male/ 20 female, aged from 49-70, mean age 56.08 ±8.8).Salivary alpha-amylase, salivary flow rate and 
DMFT index were evaluated in these two groups. Data were analyzed using Chi-square test and t-test. There 
were significant differences in salivary alpha-amylase level, salivary flow rate and DMFT index between 
diabetic patients and control group. Salivary level of alpha- amylase is significantly higher in diabetics 
compared to healthy people. Our results in consistent with the literature propose an idea regarding the possible 
role of salivary alpha- amylase as a diagnostic aid. 
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INTRODUCTION 
 

Diabetes is a metabolic disorder characterized by abnormalities in the metabolism of carbohydrate, lipid 
and protein that results either from a profound or an absolute insufficiency of insulin secretion (type 1) and/or 
target tissue resistance to its cellular metabolic actions (type 2) [1,2]. The world wide number of diabetics is set 
to rise from 180 million in year 2000 to 320 million in 2025 [2,3]. Diabetic patients suffer from many systemic 
complications .For example, presence of myocardial infarction, blindness, and end stage renal disease [4]. 
Diabetes mellitus has been documented to be associated with alterations in salivary composition and function 
[1].  Although differences in salivary compositions from diabetic and non diabetic subjects have been evaluated 
in some previous studies, but these findings were not classified.  

The use of saliva rather than serum has recently been promoted as a diagnostic medium. Saliva offers 
advantages over blood because it can be collected non-invasively by persons with modest training, and it offers 
a cost-effective approach for the screening of large samples [5]. 

Amylase is one of the most important enzymes in saliva. This enzyme was first described in saliva in year 
1831 [6]. Basement membrane permeability of the parotid gland is higher in diabetics which can lade to greater 
level of salivary alpha-amylase in these patients [1,7]. In contrast, lower level of alpha-amylase in diabetics 
compared to healthy subjects was reported by some authors [8-10]. Therefore, the main aim of this case-control 
study was to determine the alteration of salivary alpha-amylase in diabetics compared with healthy subjects. In 
addition, we also reviewed the results of previous studies from 1942 up to now.    

 
MATERIALS & METHODS 

 

Participants: 
With approval from the institutional ethics committee, this study was carried out at the Department of Oral 

Medicine, Dental School, Hamadan University of Medical Sciences, Hamadan, Iran. The group of patients was 
recruited from members of Hamadan Research Diabetes Center. A total of 40 type 2 diabetic subjects (15 male/ 
25 female, aged from 42-70 years, mean age 55.6 ±7.11, duration of disease 11±5.7 were selected. Also, the 
control group consisted of 40 clinically health people (20 male/ 20 female, aged from 49-70, mean age 56.08 
±8.8). Informed consent were taken from all individuals participated in the study.  

The case and control groups were matched with their age, sex, weight and body mass index. Subjects were 
informed about the aim of the investigation and written consent was obtained from all participants. Exclusion 
criteria for control group are listed as follows: pregnancy, smoking, alcohol dependency, chronic diseases and 
history of diabetes within the previous years, history of medications within the previous three months. All 
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persons were asked not eat, smoke and drink (except water) for an over night prior to collection of saliva 
samples [2,11]. 

 
Salivary collection: 

Un-stimulated whole saliva from diabetics and control group was collected according to the Navazash 
method [12]. Saliva collection was done between 8:00 and 10:00 a.m. The subjects were asked to swallow saliva 
and stay motionless and allow the saliva to flow for 5 minutes over the lower lip into a pre-weighed test 
container fitted by a funnel. Saliva samples were centrifuged (at 4000 rpm for 15 minutes) and the supernatants 
were immediately frozen at -70°c and stored for analysis. Salivary alpha-amylase was measured using specific 
kit (alpha-amylase kit, Parsazmoon Co, Tehran, Iran). Salivary flow rate was measured in term of millimeters 
per minute. In addition, DMFT (decayed, missing and filling teeth) index was calculated according to the Berker 
[13] et al., in diabetic and control groups as a part of oral health assessment. The DMFT index was created to 
express caries experience. The D component is for untreated caries, M for missing teeth, and F for filling. The T 
means index per tooth [13].   

       
Statistically analysis: 

The data were analyzed via SPSS for windows software (version 18). The statistical signification was 
measured using Chi-square and t-test for qualitative and quantitative variables, respectively. The level of 
significance was p.value less than 0.05. 

 
RESULTS 

 
The demographic characteristics of the diabetic and control groups based on interview are shown in table 

1.There were no significant differences in age, sex, weight and body mass index between diabetic and control 
groups. There were significant differences in salivary alpha-amylase level, salivary flow rate and DMFT index 
between diabetic patients and control group (Table 2). 
 In this study the results of previous studies (from 1942 up to now) were reported in the article and tables 3,4. 
 

Table1. Characteristics and interview data of patients and control group 
Characteristics and interview data Type 2 diabetes Control group              P.value 
Age (Years),(mean ±SD) (55.6 ± 7.11) (56.08 ± 8.8)                 0.44 
Sex(male/female),(n/n) (15/25) (20/20)                          0.25 
Weight(Kg),(mean ±SD) 
Body mass index 

(72.32 ± 13.15) 
(26.77±1.43) 

(73.02 ± 11.13)             0.32 
(24.91±1.22)                 0.50 

Sensation of dry mouth (n:%) 21:52.5 0                                    0.006 
Sensation of burning mouth (n:%) 7:17.5 0                                    0.000 
 

Table2. Salivary α-amylase, flow rate and DMFT in studied groups 
Study groups Salivary α- amylase AU/dl Flow rate ml/min DMFT Index 
Type 2 diabetic  patients 106.217±77.6 0.39±0.17 13.42±5.09 
Control group 68.257±29.2 0.22±0.11 10.55±2.59 
P.value 0.05 0.001 0.003 
 

DISCUSSION 
 

In our study, salivary alpha-amylase level was significantly higher in diabetics than control group. This 
finding was in agreement with Aydin [11], López [14] et al., Pal [15] et al., Meaurmen [16] et al., Dodds [17] et 
al., Ben-Aryeh [18] et al., Recio [19] et al., and Hu [20] et al. However, there are studies with opposite findings. 
Our search showed that the number of studies reporting the higher level of salivary alpha-amylase in diabetic 
patients was greater than those showed lower level of salivary alpha-amylase (11,14-22, 1,8-10,23). Some 5 
previous reports about the salivary alpha-amylase alteration in diabetic patients were summarized in table 3 
[1,8-11,14-23]. Differences in findings may be related to variations in glycemic control, duration of disease, or 
age of patients. Meanwhile, according to several studies reporting high levels of salivary alpha-amylase in 
diabetic patients, it seems that salivary level of this enzyme can be used as a non invasive diagnostic aid, which 
needs further investigation to be approved. Mandel [24] et al., and Murrah [25] et al., demonstrated that 
increased basement membrane (BM) permeability ,associated with diabetes, is one of the most important 
possibilities for the increased passage of proteins (such as amylase) from parotid glands into their secretions in 
some patients. These changes in BM permeability may also lead to an enhanced leakage of serum derived 
components into saliva via gingival crevices. In a recent study, Piras [7] et al., showed a greater expression of 
the amylase and cyclic AMP receptor in parotid glands of diabetic patients than that of non-diabetics. In this 
present report, salivary flow rate was significantly lower in diabetics than control group. This finding was in 
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agreement with Bakianian Vaziri [2] et al., and Ben-Aryeh [18] et al. In addition, both increase or decrease of 
salivary flow rate in diabetics were also reported in previous studies.[1,2,9,11,13,16,18,21,26-37] Decrease in 
diabetic salivary flow rate may be related to the negative effects of diabetes on the autonomic nervous system 
(sympathetic and parasympathetic), polyuria, microangiopathy, dehydration, hormonal changes, local 
inflammations, infections and drug therapy for diabetes [1,2]. Meurman [16] et al., reported that decrease in 
salivary secretion in type 2 diabetes seems to be particularly related to xerogenic drugs and autonomic 
neuropathy. 

In our study, complaint of dry mouth and burning mouth sensation was significantly higher in diabetic 
subjects than healthy group. This finding is in agreement with Bakianian Vaziri [38] et al. Dryness of the mouth 
associated with diabetes was first described in 1942 [39]. Carda [34] et al., also showed that type 2 diabetes can 
be a risk factor for dry mouth. In addition, Newrick [21] et al., demonstrated that this feature is related to 
microvascular disease and neuropathy affecting the major salivary glands. Prolonged dryness may contribute to 
oral infections, altered taste, oral malodor and oral mucosal soreness [40]. In contrast to these findings, 
Ogunbodede [26] et al., did not find any significant differences in burning mouth sensation, mucositis, glossitis, 
angular cheilitis and altered taste between diabetic and non diabetic persons. 

According to our report, DMFT index was significantly higher in diabetics than control group. This result 
is in agreement with Bakianian Vaziri [38] et al., and Albrecht [41] et al. Albrecht [41] et al., demonstrated that 
higher rates of DMFT index in diabetic patients have usually been determined to be due to grater number of 
missing teeth. This finding was also supported by Norlan [42] et al. Moor [43] et al. pointed out that the 
prevalence of decayed and filled surfaces in the root was significantly higher in diabetic subjects as compared to 
control group. This difference was not significant for decayed and filled surfaces in the crown. Karjalainen [44] 
et al described that poor glycemic control in type 1diabetes could be a risk factor for dental caries, while type 2 
diabetes seemed to have no effect on the occurrence of dental caries. Furthermore, Pohjamo [45] et al. found a 
higher prevalence of lingual surface caries in diabetic patients. They also assumed that this finding might be 
related to a high glucose level in gingival exudates. According to Carda [34] et al., moderate dental caries, 
severe dental caries, tooth loss less than 10 and more than 10 were seen in 23.5%, 52.9%, 29.4% and 47.0% of 
diabetic patients, respectively. In contrast to these findings, Collin et al., found no significant relationship 
between diabetes and occurrence of dental caries in diabetic adults. Also, Collin et al showed that the count of S. 
mutans, lactobacilli and yeasts did not differ between diabetics and nondiabetics. 

In addition, it is demonstrated that a salivary flow rate of at least 0.8 ml/min was related to dental caries 
[46]. These differences in presented results about dental caries may be related to difference in level of blood 
sugar, glycemic control, salivary dysfunction, dietary habits, oral hygiene, age or type of diabetes [2,38,42]. In 
our study, two groups were matched in terms of age, sex, BMI, and weight. Moreover, all diabetic patients had 
type 2 diabetes. In order to confirm the hypothesis of "salivary alpha amylase as a diagnostic tool", more 
comprehensive studies with adequate sample size and matching of two groups in terms of duration of diabetes, 
level of glycemic control, and diabetic complications are needed. In addition, it is suggested that the study be 
conducted on pre diabetics instead of control group. 
 
Conclusions: According to the results of this study, the salivary level of alpha- amylase is significantly higher 
in diabetics compared to healthy people. Our results in consistent with the literature propose an idea regarding 
the possible role of salivary alpha amylase as a diagnostic aid, but further studies should be done to clarify our 
findings. 
 
Acknowledgment:  
This study was performed in Hamadan University of medical sciences. Authors would like to thank vice 
chancellor for research and technology of Hamadan University of Medical Sciences for supporting this study by 
a grant. 

 
REFERENCES 

 
1. Panchbhai AS, Degwekar SS, Bhowte RR. Estimation of salivary glucose, salivary amylase, salivary 

total protein and salivary flow rate in diabetics in India. J Oral Sci 2010 ;52: 359-68. 
2. Bakianian Vaziri P, Vahedi M, Mortazavi H, Abdollahzadeh Sh, Hajilooi M. Evaluation of salivary 

glucose, IgA and flow rate in diabetic patients: a case-control study. J Dent (Tehran) 2010; 7: 13-8. 
3. Schneider H, Shaw J, Zimmet P. Guidelines for the detection of diabetes mellitus - diagnostic criteria 

and rationale for screening. Clin Biochem Rev 2003; 24: 77–80. 
4. Vernillo AT. Diabetes mellitus: Relevance to dental treatment. Oral Surg Oral Med Oral Pathol Oral 

Radiol Endod 2001; 91:263-70.    

286 



Mortazavi et al., 2014 

 

5. Pfaffe T, Cooper-White J, Beyerlein P, Kostner K, Punyadeera C. Diagnostic potential of saliva: 
current state and future applications. Clin Chem 2011; 57: 675-87. 

6. Nater UM, Rohleder N. Salivary alpha-amylase as a non-invasive biomarker for the sympathetic 
nervous system: current state of research. Psychoneuroendocrinology 2009; 34: 486-96. 

7. Piras M, Hand AR, Mednieks MI, Piludu M. Amylase and cyclic amp receptor protein expression in 
human diabetic parotid glands. J Oral Pathol Med 2010; 39: 715-21.  

8. Kim SK, Cuzzort LM, McKean RK, Allen ED. Effects of diabetes and insulin on alpha-amylase 
messenger RNA levels in rat parotid glands. J Dent Res 1990; 69: 1500-4. 

9. Tenovuo J, Lehtonen OP, Viikari J, Larjava H, Vilja P, Tuohimaa P. Immunoglobulins and innate 
antimicrobial factors in whole saliva of patients with insulin-dependent diabetes mellitus. J Dent Res 
1986; 65: 62-6. 

10. Anderson LC. Effects of alloxan diabetes and insulin in vivo on rat parotid gland. Am J Physiol 1983; 
245: G431-7. 

11. Aydin S. A comparison of ghrelin, glucose, alpha-amylase and protein levels in saliva from diabetics. J 
Biochem Mol Biol 2007; 40: 29-35. 

12. Navazesh M, Kumar SK. Measuring salivary flow: challenges and opportunities. J Am Dent Assoc 
2008; 139: 35S-40S. 

13. Berker T, Levin L, Shochat TM, Einy SH. How much dose the DMFT index underestimate the need for 
restorative care. J Dent Educ 2007; 71: 677-81. 

14. López ME, Colloca ME, Páez RG, Schallmach JN, Koss MA, Chervonagura A. Salivary characteristics 
of diabetic children. Braz Dent J 2003; 14: 26-31.  

15. Pal P, Desai NT, Kannan N, Masur VN, Daniel MJ, Bhatt N. Estimation of Salivary glucose, salivary 
amy-lase, salivary total protein and periodontal microflora in Diabetes mellitus JIDA 2003; 74: 143-
149. 

16. Meurman JH, Collin HL, Niskanen L, Töyry J, Alakuijala P, Keinänen S, Uusitupa M. Saliva in non-
insulin-dependent diabetic patients and control subjects: The role of the autonomic nervous system. 
Oral Surg Oral Med Oral Pathol Oral Radiol Endod 1998; 86: 69-76. 

17. Dodds MW, Dodds AP. Effects of glycemic control on saliva flow rates and protein composition in 
non-insulin-dependent diabetes mellitus. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 1997; 83: 
465-70. 

18. Ben-Aryeh H, Serouya R, Kanter Y, Szargel R, Laufer D. Oral health and salivary composition in 
diabetic patients. J Diabetes Complications 1993; 7: 57-62. 

19. Recio F, Villamil F, Recio C, Ferrer C. Early changes of urinary amylase isoenzymes in diabetes 
mellitus. Eur J Clin Chem Clin Biochem 1992; 30: 657-62. 

20. Hu Y, Nakagawa Y, Purushotham KR, Humphreys-Beher MG. Functional changes in salivary glands 
of autoimmune disease-prone NOD mice. Am J Physiol 1992; 263: E607-14. 

21. 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: 35-7. 

22. Varletzidis E, Ikkos D, Paleologou G, Pantazopoulos P, Miras K, Adamopoulos G. Salivary amylase 
activity in diabetes mellitus. Panminerva Med 1978; 20: 255-62. 

23. Yavuzyilmaz E, Yumak O, Akdoğanli T, Yamalik N, Ozer N, Ersoy F, Yeniay I. The alterations of 
whole saliva constituents in patients with diabetes mellitus. Aust Dent J 1996; 41: 193-7. 

24. Mandel ID. Sialochemistry in diseases and clinical situations affecting salivary glands. Crit Rev Clin 
Lab Sci 1980; 12: 321-66. 

25. Murrah VA, Crosson JT, Sauk JJ. Parotid gland basement membrane variation in diabetes mellitus. J 
Oral Pathol 1985; 14: 236-46. 

26. Ogunbodede EO, Fatusi OA, Akintomide A, Kolawole K, Ajayi A. Oral health status in a population of 
Nigerian diabetics. J Contemp Dent Pract 2005; 6: 75-84. 

27. Moore PA, Guggenheimer J, Etzel KR, Weyant RJ, Orchard T. Type 1 diabetes mellitus, xerostomia, 
and salivary flow rates. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2001; 92: 281-91. 

287 



J. Basic. Appl. Sci. Res., 4(2)284-288, 2014 

 

 

28. Chávez EM, Borrell LN, Taylor GW, Ship JA. A longitudinal analysis of salivary flow in control 
subjects and older adults with type 2 diabetes. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 
2001; 91: 166-73. 

29. Finney LS, Finney MO, Gonzalez-Campoy JM. What the mouth has to say about diabetes. Careful 
examinations can avert serious complications. Postgrad Med1997; 102: 117-26. 

30. Gonzalez JM, Finney MO, Finney LS. Diabetes mellitus update. J Am Dent Assoc 1997; 128: 1204-6. 
31. Sreebny LM, Yu A, Green A, Valdini A. Xerostomia in diabetes mellitus. Diabetes Care 1992; 15: 

900-4. 
32. Thorstensson H, Falk H, Hugoson A, Olsson J. Some salivary factors in insulin-dependent diabetics. 

Acta Odontol Scand 1989; 47: 175-83. 
33. Conner S, Iranpour B, Mills J. Alteration in parotid salivary flow in diabetes mellitus. Oral Surg Oral 

Med Oral Pathol 1970; 30: 55-9. 
34. Carda C, Mosquera-Lloreda N, Salom L, Gomez de Ferraris ME, Peydró A. Structural and functional 

salivary disorders in type 2 diabetic patients. Med Oral Patol Oral Cir Bucal 2006; 11: E309-14. 
35. Streckfus CF, Marcus S, Welsh S, Brown RS, Cherry-Peppers G, Brown RH. Parotid function and 

composition of parotid saliva among elderly edentulous African-American diabetics. J Oral Pathol Med 
1994; 23: 277-9. 

36. Cherry-Peppers G, Sorkin J, Andres R, Baum BJ, Ship JA. Salivary gland function and glucose 
metabolic status. J Gerontol 1992; 47: M130-4. 

37. Lamey PJ, Fisher BM, Frier BM. The effects of diabetes and autonomic neuropathy on parotid salivary 
flow in man. Diabet Med 1986; 3: 537-40. 

38. Bakianian Vaziri P, Vahedi M, Abdollahzadeh SH, Abdolsamadi HR, Hajilooi M, Kasraee SH. 
Evaluation of salivary albumin in diabetic patients. Iranian  J Publ Health 2009; 38: 54-59. 

39. Sheppared IM. Oral manifestation of diabetes mellitus: a study of one hundred cases. J Am Dent Assoc 
1942; 29: 1188-1192. 

40. Ress TD. The diabetic dental patient. Dent Clin North Am 1994; 38: 447-463. 
41. Albrecht M, Banoczy J, Tamas GDR. Dental and oral symptoms of diabetes mellitus, Community Dent 

Oral Epidemol 1988; 16: 378-80. 
42.  Norlen P, Johansson I, Birkhed D. Impact of medical and life style factors on number of teeth in 68-

year old men in southern Sweden. Acta Odontol Scand 1996; 54: 66-74. 
43. Moor PA, Weyant RJ, Guggenheimer J, Mongelluzzo MB, Myers DE, Rossie K, Hubar H, Block HM, 

Orchard T. Type 1 diabetes mellitus and oral health: assessment of coronal and root caries. Community 
Dent Oral Epidemiol 2001; 29: 183-94. 

44. Karjalainen KM, Knuuttila ML, Kaar ML. Relationship between caries and level of metabolic balance 
in children and adolescents with insulin-dependent diabetes mellitus. Caris Res 31: 13-18. 

45.  Pohjamo L, Knuuttila ML, Tervonen T, Haukipuro K. caries prevalence related to control of diabetes. 
Proceedings of the Finnish Dental Society 1988; 42: 247-52. 

46. Collin HL, Uusitupa M, Niskanen L, Koivisto AM, Markkanen H, Meurman JH. Caries in patients with 
non-insulin-dependent diabetes mellitus. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 1998; 
85:680-5.  

288 


