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Aims and Objectives: The aim of the study was to estimate and compare aspartate 
aminotransferases (AST) and alanine aminotransferases (ALT) levels in saliva and 
serum of insulin‑dependent diabetes mellitus  (IDDM) and normal children, and 
the objective was to evaluate the significance of these enzymes in assessing the 
salivary gland injury in IDDM children.
Materials and Methods: The study group comprised of thirty children clinically 
and biochemically diagnosed for IDDM and thirty healthy children of similar age 
in the control group. Saliva and serum samples were collected and enzyme assay 
was performed by optimized ultraviolet test method  (according to International 
Federation of Clinical Chemistry). The values obtained were subjected to 
statistical analysis using Mann–Whitney U‑test for comparison of the variables 
and Karl–Pearson’s coefficient test for correlation. The SPSS 16.0,  (SPSS Inc., 
Chicago, USA) was used for statistical analysis.
Results: Higher values of AST  (mean  =  saliva 91.60  IU/L) and ALT (mean  =  saliva 
94.93  IU/L) were found in the saliva than in serum (AST serum =  15.83  IU/L) (ALT 
serum  =  20.80  IU/L) among the patients and the differences were statistically highly 
significant (P = 0.001). A similar comparison in the control group did not show statistical 
significant difference  (saliva  – AST mean = 23.50  IU/L, ALT mean = 21.95  IU/L and 
serum  – AST mean  =  12.60  IU/L, ALT mean  =  13.25  IU/L). On correlation between 
patient and normal group, greater values of AST and ALT were observed in saliva of 
patients and the difference was statistically highly significant  ([AST‑mean  =  patients 
91.166  IU/L and controls  =  23.500  IU/L]  [ALT‑mean  =  patients 94.933  IU/L and 
controls 21.950  IU/L]). The serum values of patients and controls did not show 
statistical difference. Although higher values of salivary ALT and AST were observed 
in patients with the disease for 0–5‑year clinical duration (ALT mean  =  100.21  IU/L 
and AST mean = 95.39 IU/L) than those with the disease for 6–10‑year duration (ALT 
mean = 77.57 IU/L and AST mean = 77.28 IU/L), values were statistically nonsignificant.
Conclusion: Elevated salivary AST and ALT levels in IDDM patients suggest the 
injury to salivary glands and could aid as a salivary marker for the involvement of 
salivary glands in IDDM.
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Introduction

Diabetes is the most common metabolic disease of 
endocrine origin affecting a large number of people 

in the world.[1] It is a chronic multisystem disease of 
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carbohydrate, fat, and protein metabolism caused due 
to a lack of insulin production because of autoimmune 
destruction of beta cells of pancreas. Prevalence of 
diabetes has increased or remained same in every 
country and it is believed that only a few Western 
European countries have a chance of meeting the target 
to halt the rise in diabetes by 2025. Type  1 diabetes, 
even though is rarer than type  2, accounts for about 
5% and 15% of all diabetes mellitus  (DM). Various 
complications may develop in diabetics endangering 
their health, survival, and high cost of care and medical 
expenditure.[2] Alongside the metabolic abnormalities, 
the common long‑term complications involve several 
organs such as the eyes, kidneys, nerves, and blood 
vessels.[1,3]

As far as involvement of salivary glands in DM, the 
ultrastructural and immunocytochemical studies reveal 
degenerative changes in salivary glands caused by 
T‑  and B‑lymphocytes very similar to that in Sjogren’s 
syndrome. It is possible that salivary glands and 
pancreas share a common antigen and hence both are 
susceptible to autoimmune attack in insulin-dependent 
diabetes mellitus (IDDM) patients.[4] Studies on animal 
models reveal a common underlying pathophysiology 
that the tumor necrosis factor‑related apoptosis‑inducing 
ligand  (TRAIL) blockade or TRAIL deficiency causes 
glutamic acid dehydrogenase (GAD) 65‑specific immune 
responses in the pancreatic islets and salivary glands in 
DM mice.[4‑7]

The oral manifestations in diabetes include xerostomia, 
dental calculi, dental caries, burning mouth syndrome, 
candidiasis, increased gingival and plaque index, 
periodontal disease, delayed and abnormal wound 
healing, fulminating gingival abscesses and granular 
subgingival proliferations, altered taste, mucormycosis, 
aspergillosis, geographic tongue, fissured tongue, and 
oral lichen planus. Both qualitative and quantitative 
properties of saliva have found to be altered in diabetics 
such as reduced salivary flow rate, low calcium but 
increased potassium and sodium levels, increased salivary 
antioxidants, and IgA levels. As oral health is directly or 
indirectly associated with salivary changes, many of the 
oral manifestations in diabetics are due to defective or 
altered salivary gland status.[8]

Transaminases  (aspartate aminotransferases and 
alanine aminotransferases) as disease markers

Transaminases or aminotransferases are a group of 
enzymes that catalyze the interconversion of amino acids 
and oxalo acids by transfer of amino groups. They are 
present in skeletal muscle, kidney, brain, pancreas, lungs, 
leukocytes, and erythrocytes but the heart and liver tissues 
contain them in relatively high concentrations, and hence 

damage to these organs leads to transaminase leakage 
into the blood.[9,10] The aspartate aminotransferases 
(AST) and alanine aminotransferases (ALT) assessment 
has been a routine test primarily in liver diseases such 
as cirrhosis, viral hepatitis, alcoholic hepatitis and others 
such as myocardial infarction, appendicitis, polymyositis, 
and dermatomyositis.[9‑13]

As postulated by some scientists, an immunological 
damage could occur in salivary gland; a pathomechanism 
similar to that in diabetes in the beta cells of islets of 
Langerhans.[5‑7] With the background of AST and ALT 
leakage from the damages tissues, few researchers have 
worked on these enzymes as markers in saliva of diabetic 
individuals. In one such primary study, Musumeci 
et  al. found that the salivary glutamate oxaloacetate 
transaminase, glutamate pyruvate transaminase, and 
lactate dehydrogenase  (LDH) being elevated in both 
IDDM and non‑IDDM  (NIDDM) patients.[14] Malicka 
et  al. also observed high activity of salivary AST, ALT, 
and LDH in Type 1 and Type 2 diabetes patients and 
interestingly threefold increase in salivary AST and ALT 
levels in Type 1 compared to Type 2 diabetics.[15]

With a steady increase in the incidence of diabetes 
worldwide, this metabolic diseases present as a huge 
burden on the economy of the countries at large 
and pose as a life‑threatening disease with multiple 
complications as far as diabetics are concerned. Hence, 
the present study was undertaken to primarily analyze 
the salivary AST and ALT levels in IDDM children in 
comparison with normal healthy children which could 
possibly serve as a marker in assessing the injury to 
salivary glands.

Materials and Methods
This simple random controlled research study was 
performed after getting the ethical clearance from 
the local Review Board  (TIDSHRC/EC 40/A/2016). 
The participants in the study were included only after 
obtaining informed consent from the parents of the 
children and the specialty hospital authority. The study 
spanned for a period of 9  months from July 2016 to 
April 2017.

For calculation of sample size, the assumptions taken 
into account are minimum 80% power, 5% significance 
level  (significant at 95% confidence level), and the 
relative risk of failure for experimental subjects is 0.12, 
it is estimated that at least 25 experimental subjects 
are required in each group. For the safer side of the 
normality of data, a sample size of thirty subjects was 
considered in each group. The Type  1 probability error 
associated with the test is 0.05.
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Necessary sample size (n) = (Z2 1− α/2 σ2)/d2

α = 5% (i.e., confidence level = 95%)
d = 5% (precision required)
σ = standard deviation
Probability error = Type 1

Inclusion criteria

The study group consisted of thirty patients who were 
clinically and biochemically diagnosed with IDDM 
according to the WHO criteria[16] reporting to specialty 
hospitals and thirty healthy normal individuals formed 
the control group visiting the outpatient department with 
no systemic diseases or taking any medications at least 
3 months before the study.

Exclusion criteria

Patients were excluded if they were on medications other 
than for IIDM, those with any other systemic disease 
apart from IDDM, oral soft‑tissue lesions, and patients 
with tobacco‑related habits if any.

Method of collection of saliva and blood samples

Before collecting the saliva, the subjects were instructed 
to rinse the mouth with normal water. They were made 
to sit with their head in bent position with open mouth, 
and 5 ml of saliva was collected into a sterile container. 
Clear saliva was centrifuged at 1500 rpm for 15 min and 
the supernatant was collected and used for the estimation 
of AST and ALT. Two milliliters of venous blood was 
collected from antecubital vein in a plain bottle for 
serum AST and ALT estimation. The collected samples 
were then sent for biochemical analysis.

Methods for estimation of aspartate aminotransferases 
and alanine aminotransferases

The salivary and serum AST and ALT levels were 
estimated using optimized ultraviolet‑test  (340  nm) 
according to International Federation of Clinical 
Chemistry and Laboratory Medicine.[17,18]

Statistical analysis

The data obtained were subjected to statistical analysis 
using Mann–Whitney U‑test for comparison of the 
variables and Karl–Pearson’s coefficient test for correlation.

The Statistical Package for the Social Sciences 
version  16.0,  (SPSS Inc., Chicago, USA) was used for 
statistical analysis.

Results
Higher values of AST were found in the saliva than in 
serum among the patients  (mean  –  saliva  =  91.60  IU/L 
and serum  =  15.83  IU/L) and the difference was 
statistically highly significant  (P  =  0.001). A  similar 
comparison in the control group did not show statistical 

significant difference  (mean  –  saliva  =  23.50  IU/L and 
serum = 12.60 IU/L) [Table 1].

Similarly, increased levels of ALT were seen in 
the saliva than in serum within the patients group 
(mean  –  saliva  =  94.93  IU/L and serum  =  20.80  IU/L) 
and were statistically highly significant  (P = 0.001), and 
in the control group, no significant difference was noted 
for a similar comparison  (mean  –  saliva  =  21.95  IU/L 
and serum = 13.25 IU/L) [Table 1].

On correlation between patient and normal group, 
greater values of AST and ALT were observed in 
saliva of patients and the difference was statistically 
highly significant ([mean AST  –  patients  =  91.166  IU/L 
and controls  =  23.500  IU/L]  [mean 
ALT  –  patients  =  94.933  IU/L and 
controls = 21.950 IU/L]) [Table 2 and Figure 1].

The patients were grouped into two depending on the 
clinical duration of the disease as 0–5 and 6–10 years. 
Even though statistically nonsignificant, higher values of 
salivary ALT and AST were observed in patients with the 
disease for 0–5‑year clinical duration than those with the 
disease for 6–10‑year duration [Table 3 and Figure 2].

Discussion
The primary outcome observed in the study was the 
increased levels of salivary AST and ALT enzymes 
in the IDDM children in comparison with the control 
group. Approximately a fourfold increase in salivary 
AST (mean = 91.16 IU/L) and ALT (mean = 94.93 IU/L) 
in the IDDM group was noted in comparison with 
the control group  (AST mean  =  23.50  IU/L and 
ALT mean 21.95  IU/L). The serum values remained 

Table 1: Comparison of aspartate aminotransferase and 
alanine aminotransferase levels in saliva and serum of 

insulin‑dependent diabetes mellitus patients and normal 
individuals

Enzyme (IU/L) Group n Mean SD Z
AST Patients

Saliva 30 91.16 51.30 6.642	
P=0.001 (HS)Serum 30 15.83 9.40

Controls
Saliva 30 23.50 4.29 0.793	

P=0.488 (NS)Serum 30 12.60 4.22
ALT Patients

Saliva 30 94.93 66.07 6.257	
P=0.001 (HS)Serum 30 20.80 10.25

Controls
Saliva 30 21.95 5.49 1.870	

P=0.061 (NS)Serum 30 13.25 5.72
Correlation is considered significant at P<0.05. SD=Standard 
deviation, Z=Output, HS=Highly significant, NS=Nonsignificant, 
ALT=Alanine aminotransferase, AST=Aspartate aminotransferase
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almost same in both the patient and the control 
group  (Patients  –  AST mean  =  15.83  IU/L and ALT 
mean = 20.80  IU/L; controls  – AST mean = 12.60  IU/L 
and ALT mean = 13.25 IU/L). Hence, a highly significant 
difference  (P  <  0.001) was noted between the salivary 
and serum levels of AST and ALT only in the IDDM 
group.

The secondary outcome observed was the difference in 
the salivary levels of AST and ALT in IDDM children 
with duration of the disease. Those with 0–5  years of 
disease duration had slightly high values of salivary 
AST (mean = 95.39 IU/L) and ALT (mean = 100.21 IU/L) 
than in those with 6–10  years of duration  (mean, 
AST = 77.28 IU/L and ALT = 77.57 IU/L). Compared to 
the normal group, the IDDM children with 0–5 years of 
disease duration had fourfold increase in enzyme values 
and a threefold higher values were noted in the IDDM 
children with 6–10  years of disease duration possibly 
because of greater degree of injury to the salivary gland 
at the early stages of disease.

Strength of the study

1.	 The study is based on a noninvasive methodology of 
estimation of AST and ALT, reflecting the status of 
the salivary glands in IDDM patients

2.	 The concept of the study is supported by the earlier 

researchers through histological, ultrastructural, 
and immunological studies,[4‑7] hence bear a strong 
correlation.

Limitations of the study

1.	 The concept of the study is supported by the 
earlier researchers through histological, ultrastructural, 
and immunological studies.

The outcomes of the present study could be compared 
with those of few other studies available from the 
literature. Musumeci et  al. observed that the salivary 
concentrations of AST in IDDM patients were similar 
to those found in the NIDDM but higher than those 
observed in normal subjects. ALT was higher in NIDDM 
than IDDM, which in turn was higher than in normal 
subjects. The salivary and serum values of AST and ALT 
were not correlated.[14] In the present study, the salivary 
AST and ALT in IDDM children were fourfold high 
compared to the control group. Here, the serum values 
were assessed but were within normal levels.

Malicka et  al. ffound a twofold increase in the salivary 
AST and ALT levels in Type 1 DM patients in comparison 
with Type 2 DM and three times when compared to normal 
healthy individuals.[15] The results were similar to that 
obtained in the present study with almost four times higher 
values in IDDM patients compared to the control group.

Table 2: Comparison of the patient and normal group in relation to salivary aspartate aminotransferase and alanine 
aminotransferase levels

Enzyme (IU/L) Group n Mean SD Z AST:ALT
Saliva AST Patients 30 91.166 51.308 5.894	

P=0.001 (HS)
In IDDM 91.166:94.933=0.96

Controls 30 23.500 4.298
ALT Patients 30 94.933 66.069 4.250	

P=0.001 (HS)
In controls 23.500:21.950=1.07

Controls 30 21.950 5.490
Correlation is considered significant at P<0.05. SD=Standard deviation, Z=Output, HS=Highly significant, ALT=Alanine aminotransferase, 
AST=Aspartate aminotransferase, IDDM=Insulin‑dependent diabetes mellitus

Table 3: Comparison of aspartate aminotransferase and 
alanine aminotransferase levels in the saliva and serum 
of patients with insulin‑dependent diabetes mellitus for 

0‑5‑ and 6‑10‑year clinical duration
Group Enzyme 

(IU/L)
Duration 
(years)

n Mean SD Z

Saliva ALT 0‑5 23 100.21 51.51 1.74	
P=0.082 (NS)6‑10 7 77.57 104.44

AST 0‑5 23 95.39 45.05 1.76	
P=0.077 (NS)6‑10 7 77.28 70.61

Serum ALT 0‑5 23 15.21 11.17 1.84	
P=0.065 (NS)6‑10 7 9.14 4.18

AST 0‑5 23 12.73 9.63 0.36	
P=0.712 (NS)6‑10 7 11.4286 9.21

Correlation is considered significant at P<0.05. SD=Standard 
deviation, Z=Output, NS=Nonsignificant, ALT=Alanine 
aminotransferase, AST=Aspartate aminotransferase
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Figure 1: Comparison of AST and ALT levels in saliva of the patients and 
normal individuals. AST = Aspartate aminotransferases, ALT = Alanine 
aminotransferases, IU/L = International units per litre
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Upon comparison with the clinical duration of the 
disease, we also found that the salivary AST and 
ALT levels were indirectly proportional to the clinical 
duration. At least onefold increase in values of salivary 
AST and ALT were seen in IDDM children with 0–5 
years of clinical duration than those with 6–10 years. 
This finding was in parallel with those by Cinquini 
et al., where higher values were detected in the diabetic 
subgroup diagnosed for  <4‑year clinical duration with 
negative correlation between the enzymatic activities 
and duration of IDDM.[19] This finding is in correlation 
with the conditions associated with elevated transaminase 
enzymes in the early phases of the damage to the organs, 
as evidenced in acute myocardial infarction and acute 
hepatitis.[20,21] Hence, it is empirical from our results that 
immune‑mediated cell damage could be present in the 
salivary glands of recently diagnosed diabetics and as 
opinioned by other researchers.[18]

As per estimation, presently, over  20 million diabetes 
patients to projected numbers around 57 million by the 
year 2025, diabetes is a disease of chief concern across 
the globe.[2,3] Along with many systemic and local 
complications, oral complications cause a major distress 
to the patients with DM. The involvement of salivary 
glands secondary to diabetes is one such complication[7,18] 
with manifestations such as xerostomia being the most 
common and others such as altered salivary organic and 
inorganic components with increased lather, total sugars, 
glucose, urea, total proteins, potassium, calcium, leptin, 
and nerve growth factor.[8,13,22]

Studies relating to the salivary transaminases published in 
diabetes are few in numbers. Musumeci et al. suggested 
the injury in salivary gland tissue through autoimmune 
mechanism similar to that found in the pancreatic cells 
of DM patients.[14] The concept was further strengthened 
through a study by Cinquini et al., revealing lymphocytic 

infiltration in the salivary glands of Type 1 diabetic 
children.[19] Backing this histological finding is the study 
by Markopoulos et  al., who showed increased levels 
of GAD antibodies in serum and saliva of diabetic 
children  (Type  1 DM) against the beta cells of islets of 
Langerhans of the pancreas and the salivary gland duct 
cells.[7] With these possible pathomechanisms, could 
there be injury occurring in the salivary gland tissue in 
diabetes and hence higher levels of salivary transaminase 
enzymes noted as in present and few previous research 
studies. Cinquini et  al. opinioned that the determination 
of cytosolic enzymes in saliva might be useful for 
monitoring the diabetic involvement of salivary glands.[19]

The assessment of ratio between AST and ALT 
was done in IDDM children and normal controls 
[Table  2], and the same was compared to those 
in other diseases. The AST: ALT ratio in saliva 
of IDDM children  (91.166:94.933  =  0.96) was 
slightly  <1.0, with a marginal increase in ALT than 
AST  (23.500:21.950  =  1.07), and the ratio was 
approximately 1.0 in the saliva of normal individuals. 
The studies pertaining to salivary AST and ALT ratio 
are neither reported in diabetics nor in other diseases. 
Hence, salivary AST and ALT ratio of the IDDM group 
in the present study were compared with serum AST and 
ALT ratios in other disease conditions reported in the 
literature. In acute and chronic viral hepatitis, both serum 
ALT and AST are elevated but usually ALT higher than 
AST with AST/ALT ratio  <1.0.[15] A similar observation 
is found in the present study too. In alcoholic hepatitis, 
usually AST is high resulting in AST/ALT ratio of 1.5 
or more.[23,24] Increased levels of ALT with a AST: ALT 
ratio of  <0.8 are usually noted in nonalcoholic fatty 
liver disease, whereas >1.5 values are noted in alcoholic 
fatty liver disease.[25] This is in contrary to the salivary 
AST: ALT ratio in the present study where AST values 
were marginally elevated than ALT. Altered AST/ALT 
ratio is also noted in several other conditions such as 
rhabdomyolysis, particularly in polymyositis where ALT 
levels could be more than AST.[12] At large, tissue injuries 
cause elevation of transaminases but vary between type 
of tissues and the nature and duration of injury.[9‑12,14,19,24,25]

With few limitations, the results from our study reveal 
increased activity salivary AST and ALT in IDDM 
patients, suggesting a possible leakage from the injured 
salivary gland tissues. Further researches in this regard 
at different stages of IDDM are required to enhance 
the knowledge of salivary transaminases in diabetic 
individuals. Even though, the serum AST and ALT 
were measured in our study, did not reveal significantly 
different values in patients and controls. This could be 
controversial point and need evaluation through further 
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Figure 2: Comparison of AST and ALT levels in saliva of IDDM children 
with 0–5 and 6–10 years clinical duration of IDDM. AST = Aspartate 
aminotransferases, ALT = Alanine aminotransferases, IU/L = International 
units per liter, IDDM = Insulin‑dependent diabetes mellitus
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studies. Meanwhile, similar studies in adults with IDDM 
background with different clinical parameters seem 
appealing for researchers with similar interest.

Conclusion
Elevated levels of salivary AST and ALT enzymes in 
IDDM children could possibly be due to tissue damage 
occurring in the salivary glands secondary to autoimmune 
pathomechanism in islets of Langerhans’ cells in IDDM, 
which further could be responsible for the reduced 
functioning of these glands along with associated various 
oral complications. It can be concluded that salivary AST 
and ALT could be used as markers to assess the damage 
occurring in salivary glands.
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