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Abstract 

      The decrease of salivary flow in obese person is related to the abnormal condition of their 
adipose tissue. Individuals with low salivary flow rates may experience oral health problems such 
as dental caries. The objective of this study was to compare the salivary flow rate and the DMF-T 
index in obese and normal-weight individuals. 
      This study is a comparative analytic study with a case-control design. Sixty participants were 
taken using the quota sampling method. Research data were analyzed using Wilcoxon and Mann-
Whitney statistical tests. 
      The average salivary flow rate in obese individuals was 0.20 ml/min while in normal-weight 
individuals it was 0.26 ml/min. The DMF-T index in obese individuals was 7.23 while in normal-
weight individuals it was 4.10. Statistical test results showed that there were significant differences 
in salivary flow rate and DMF-T index between obese and normal-weight individuals with p-value 
<0.05. 
      The decrease in salivary flow rate also can be related to periodontal disease. The  Maintenance 
of a healthy periodontal condition should be considered in obese individuals. 
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 Introduction 
 

 The epidemy of overweight and obesity is 
a major challenge for the prevention of chronic 
non-communicable diseases worldwide. The 
problem of obesity and overweight not only 
occurs in developed countries but also increases 
in prevalence in developing countries.1 Obesity is 
defined as abnormal or excessive fat 
accumulation that can damage health. The 
fundamental cause of obesity and overweight is 
an energy imbalance between calories 
consumed and calories expended.2,3 

Accumulation of excess fat can occur if we 
excessively consume fat-producing foods, one of 
which is carbohydrates or sugar.4 Sugar or 
glucose is classified as a simple carbohydrate 
composed of carbon, hydrogen, and oxygen. 
Sugar contains a lot of energy but only a few 
vitamins and minerals. Since sugar is a simple 
carbohydrate, it is easily absorbed by the 
intestine to be used as energy.5  

Excessive glucose will be stored in the liver 
and muscle cells in the form of glycogen. When 
the body needs glucose, the liver will release it 
into the bloodstream and is carried throughout 
the body such as into the brain, the nervous 
system, the heart, and other organs. When 
glucose enters the cell, the enzymes break it 
down into small pieces which in turn produce 
energy, carbon dioxide, and water. Excess 
carbohydrates are converted into fat and then 
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stored in fat tissue.6 Several studies on the 
causes of obesity have shown an association 
between obesity and high consumption of sweet 
foods and drinks which have also been proven to 
be risk factors that cause dental caries.7 
Carbohydrates provide energy to the body, 
particularly through glucose, a simple sugar that 
is a component of starch and an ingredient in 
many staple foods. Carbohydrates are classified 
into three subtypes: monosaccharides, 
disaccharides, and polysaccharides. Our body 
stores excess glucose as glycogen (a polymer of 
glucose) which become liberated in times of 
fasting. Glucose is also derivable from products 
of fat and protein break-down through the 
process of gluconeogenesis.8  

Dental caries is considered a common public 
health problem throughout the world because of 
its high prevalence and significant social 
impacts.9 Many factors cause caries, one of 
which is cariogenic food. Carbohydrates are 
highly cariogenic ingredients. Processed sugars 
such as glucose and particularly sucrose are very 
effective in causing a drastic decrease in pH of 
saliva until as low as or below 5.5, which in turn 
will facilitate demineralization.10 The dental caries 
of each individual can be determined through a 
method named the DMF-T (T (Decay Missing 
Filled Teeth) index. The DMF-T index can 
provide information about teeth that have caries, 
teeth that have been cursed, and teeth that have 
been lost due to caries.11 

In previous studies body mass index was 
found to be associated with a decrease in 
salivary flow rate.12–14 A study conducted by 
Modeer et al also showed that childhood obesity 
is associated with decreased salivary flow rate.14 
Normal, high, low or very low parameters of 
salivary flow are expressed in units of ml/min. 
The normal rate of salivary flow without 
stimulation is 0.25 - 0.35 ml/min, the low salivary 
flow rate is 0.1 - 0.25 ml/min and the very low 
salivary flow rate is less than 0.1 ml/min.15 
Individuals with the low salivary flow can 
experience oral health problems such as 
periodontitis, caries, xerostomia, mucosal 
inflammation, burning mouth, taste disturbance, 
tooth demineralization, mastication difficulties, 
speech disorders, and poor denture retention. 
Low Salivary flow can also affect food intake 
patterns and nutritional status, which in turn 
negatively affect the quality of life.12 The salivary 
flow rate, both stimulated and non-stimulated, 

can be influenced by the source of stimulus, 
smoking habit, glandular size, vomiting reflex, 
olfactory reflex, food, hydration, body position, 
previous stimulation, circadian rhythm, drugs, 
age, psychological effects, functional stimulation, 
and weight.15 Saliva functions in maintaining 
neutral pH in the oral cavity and producing 
calcium and phosphate ions that are needed for 
the teeth remineralization. Saliva also protects 
teeth and oral mucosa from local microbial by 
producing many enzymes, sIgA, lactoferrin, and 
histatin.16 

Evaluation of the nutritional status of body 
weight can be done through several standard 
methods, namely body mass index (BMI), waist 
circumference, waist and hip circumference ratio, 
and fat percentage. Body fat percentage, one 
indicator in nutritional anthropometric 
measurements, illustrates the comparison of fat 
and non-fat mass in a person's body. Body fat 
measurements are used to monitor body fat 
reserves and see a person's level of obesity.17 
The Bioelectrical Impedance Analysis (BIA) 
method is a method that can be used to measure 
a person's body fat percentage. BIA method is a 
method that measures body composition based 
on electrical conductivity by running electrical 
signals in human body fluids so that muscle 
mass, body fat mass, the water content in the 
body and even individual bone mass can be 
determined.18,19 

Based on the above explanation, obese 
individuals can experience dental caries and a 
disruption in the salivary flow rate. This study 
aims to compare the salivary flow rate and the 
DMF-T index in obese and normal-weight 
individuals. 
   

Materials and methods 
 

This study is a comparative analytical 
study with case-control study design. This study 
was conducted according to the guidelines laid 
down in the Declaration of Helsinki and all 
procedures involving human subjects were 
approved by the Health Research Ethics 
Committee, Maranatha Christian University – 
Immanuel Hospital Bandung, Indonesia No. 
012/KEP/III/2019. Written informed consent was 
obtained from all participants / patients. 

The sample size in this study was calculated 
using the sample calculation formula for 
comparative analysis research. Sixty participants 
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were taken using the quota sampling method. 
Each of them was a patient who got dental 
treatment at Maranatha Dental Hospital. The 
participants were divided into two groups. The 
first group was the case group, consisting of 
obese individuals with several criteria as follow: 
the patient was between 20 and 35 years old, the 

Body Mass Index score was 30 and the body fat 

percentage was 25% for men and  33% for 
women. The second group was the control group, 
consisting of normal-weight individuals with 
several criteria as follow: the patient was 
between 20 and 35 years old, the Body Mass 
Index score was 18,5 - 22,99 and the body fat 
percentage was 8 – 15% for men and 13 – 23% 
for women.17 There were also several exclusion 
criteria for both groups. First, individuals with 
mental disorders and diseases with a high risk of 
infection. Second, individuals with conditions that 
might interfere with the assessment of body 
mass index scores and body fat percentage, 
including pregnancy and athletic profession. 
Third, individuals with conditions that might affect 
salivary flow rate, including diabetes mellitus and 
drugs that affect salivary flow rate. 

The BMI and body fat percentage of each 
participant were measured to put them into the 
appropriate groups. Research participants were 
advised not to smoke, chew gum or consume 
other foods and drinks one hour before data 
collection. First participants were advised to rinse 
their mouth several times and relax for 5 minutes. 
They were also given instructions to minimize 
movements, especially mouth movements before 
and during salivary collection. When the 
participants wanted to swallow the saliva, they 
were instructed to lean their head forward over 
the measuring tube and open the mouth slightly 
so that the saliva could flow into the measuring 
tube. The participants were required to carry out 
each procedure in the same manner until the 
collection procedure ended. Saliva was collected 
using Navazesh and Kumar method. The 
collection procedure lasted for 5 minutes. 
Afterwards the total volume of saliva collected 
from every participants were measured and 
recorded.20 

The DMF-T component consists of D (decay), 
M (missing), and F (Filling). D stands for a tooth 
that is affected by caries, M stands for a tooth 
that is lost or extracted due to caries and F 
stands for a tooth that is affected by caries and 
has been filled. All teeth are examined except for 

the third molars. In condition that one tooth has 
decay at more than one tooth surface, it is only 
counted as one decay. Likewise, for the severity 
of tooth decay, it will be considered as the same 
decay. The DMF-T score is the number of 
permanent teeth that have decayed, been 
missed and been filled due to caries.21 
 

Results 

 
Participants in this study were 40 women 

(66.7%)  and 20 men (33.3%). The largest age 
group is aged 20-25 years (46 people/76.7%). 
The characteristic of Participants based on age is 
shown in Table 1.  

 

 
Table 1. The Characteristic of Participants based 

on age. 
 

The Male participants had an average 
body fat percentage (%BF) of 22.38% which is 
categorized as obesity but their average BMI 
score of 24 is categorized as normal. The female 
participants showed a similar picture, where their 
average body fat percentage (%BF) of 32.23% is 
categorized as obesity but their average BMI 
score of 23 is categorized as normal. 

The results showed that 85.71% of obese 
individuals had a low salivary flow rate, 14.29% 
had a normal salivary flow rate and none had a 
high salivary flow rate. In the control group, 
28.57% of normal-weight individuals had a low 
salivary flow rate, 66.66% had a normal salivary 
flow rate and 4.77% had a high salivary flow rate, 
as in the table (Table 2).  

 

 
Table 2. The Comparison of Salivary Flow Rate 

in Obese and Normal-weight Individuals. 
 

Descriptively, the result showed that the 
salivary flow rate of obese individuals, the 
average of which was 0.20 ml/min, was low 
compared to that of normal-weight individuals, 
who have an average salivary flow rate of 0.26 
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ml/min. Based on the results of the comparative 
analysis using Wilcoxon’s, a p-value of 0.0002 
was obtained, which indicates that there is a 
significant difference between the salivary flow 
rate of obese and that of normal-weight 
individuals in RSGM Maranatha.  

Cross tabulation of DMF-T scores and body 
fat percentage (% BF) in normal-weight and 
obese individuals can be seen in Table 3. Based 
on the table, it appears that 50% of obese 
individuals had DMF-T index in the very high 
category and no one has DMF-T index in a very 
low category. On the other hand only 15% of 
normal-weight individuals had a very high DMF-T 
index. The average DMF-T index score in 
normal-weight individuals was 4.10 while the 
average DMF-T index score in obese individuals 
was 7.23. 

 

 
Table 3. The Comparison of DMF-T Index in 
Obese and Normal-weight Individuals. 
 

The differences of DMF-T index score in 
obese and normal-weight individuals were tested 
by non-parametric statistical tests using the 
Mann-Whitney’s. Through calculations obtained 
p-value = 0,000 (<0.05) which means that there 
are significant differences of the DMF-T score 
between normal-weight and obese individuals. 
 
 Discussion 
 

 The results showed that the salivary flow 
rate of obese individuals was below the normal 
salivary flow rate, which is 0.25-0.35 ml / min. 
This situation can be caused by the changes of 
adipose tissue in obese individuals such as 
changes in size, distribution, composition and 
function. Adipose tissue experiences hypertrophy, 
ectopic fat deposition, hypoxia, and chronic 
stress in this obesity state. The expansion of 
adipose tissue significantly influences the 
physiological response and can interfere with 
tissue function.22 Enlargement of the parotid 
gland caused by increased adipocyte storage is 
found in overweight individuals.14 Adipocytes are 
endocrine organs with a dual metabolic role in 
regulating physiological bodies. Adipocytes in 

lean individuals increase homeostasis, while 
enlarged adipocytes in obese individuals activate 
macrophages and increase inflammation.22,23 
Activated macrophages will secrete pro-
inflammatory mediators, resulting in an 
imbalance between the decrease of anti-
inflammatory adipokine secretion and the 
increase of pro-inflammatory adipokine 
secretion.24,25 The presence of these 
inflammatory cells causes the function of the 
salivary glands to be disrupted, resulting in 
decreased salivary flow.14 

Obese individuals have been reported to 
exhibit a significant enlargement of parotid 
glands probably by an enhanced storage of 
adipocytes in the parotid parenchyma whereas 
the submandibular glands seem to remain 
unaffected.26 Based on that, pro-inflammatory 
cytokines derived from adipocytes as well as 
macrophages, accumulated in adipose tissue 
may negatively affect the function of salivary 
glands due to chronic low-grade inflammation in 
the gland. Moreover, we have reported enhanced 
levels of pro-inflammatory cytokines tumor 
necrosis factor–α, inter- leukin-1, and interleukin-
8 in crevicular fluid in obese adolescents 
compared with normal-weight subjects  indicating 
a hyper-inflammatory reaction in the periodontal 
tissue as well.14  

These changes in adipose tissue are mainly 
hypertrophy. They are accompanied by 
macrophage infiltration. These macrophages 
may participate in the inflammatory process, 
where macrophages secrete maximum pro-
inflammatory mediators which also cause an 
imbalance between pro-inflammatory adipokines 
and anti-inflammatory adipokines. The presence 
of these high inflammatory cells causes the 
inflammatory process to occur more frequently, 
so it can cause damage to the salivary gland 
parenchymal tissue, where the gland contains 
secretory cells and ducts. This causes the 
salivary glands to function abnormally and it is 
followed by an accumulation of adipose in the 
parenchymal tissue, which causes the acini ducts 
to shrink, and disturbances such as decreased 
salivary flow can occur.23,24 

Besides being influenced by body weight, 
salivary flow rate can also be influenced by 
several factors. Different physical activities in 
each individual can affect salivary flow rate. 
Physical activity can affect sympathetic 
stimulation, which can lead to reduced or blocked 
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salivary flow. Psycho-emotional conditions can 
also affect salivary flow rate. Depression or 
stress conditions can reduce salivary flow, while 
thinking about or looking at food can be a 
stimulus to increase salivary flow. Bad habits 
such as smoking and alcohol consumption in 
short term or long term can also affect the 
condition of the oral cavity including salivary flow 
rate. Another very important factor that can affect 
salivary flow rate is the degree of hydration. If the 
body lacks water content or body hydration is 
decreased, the salivary glands will adapt by 
reducing salivary secretion to maintain the 
amount of water in the body, and vice versa. if 
the degree of hydration increases, which means 
hyper-hydration, salivary flow rate also 
increases.14,15 In this study physical activity 
factors, emotional conditions, habits, and 
degrees of hydration have not been studied. 

The decrease in salivary flow rate can be 
related to the incidence of dental caries.7 
Descriptively it is seen that the DMF-T index of 
obese individuals tends to be higher compared to 
that of normal-weight individuals. In addition to its 
association with a decrease in salivary flow rate, 
the increase in caries index in obese individuals 
can be related to food intake patterns. Research 
conducted by Te Morenga et al. shows that the 
increase in fat accumulation, which causes 
obesity, can occur if we consume fat-producing 
foods excessively, one of which is carbohydrates 
or sugar.4 Carbohydrates or sugars that enter the 
oral cavity can also be easily metabolized by 
certain bacteria involved in the formation of 
dental biofilms. The bacteria will produce acid as 
by products, so the pH of the oral cavity will 
decrease to below 5 within 2-5 minutes, while the 
time needed by the oral cavity to neutralize the 
acid is 60 minutes. If sweet food continues to be 
consumed then the state of the oral cavity will 
continue to be in acidic conditions, and this will 
lead to the process of demineralizing tooth 
structure and can eventually cause caries.21,27 

The use of herbal medicines can be an 
option to treat decreased salivary flow in obese 
individuals. There is a study which suggested 
that consuming secang (Caesalpinia sappan 
Linn) drink may increase the salivary flow rate, 
salivary pH, and related to the body mass 
index.28 Another study showed that after 
consumption  of  tualang  honey,  there  was also 
a  significant increased in  salivary  flow.29  

There is a limitation of our study because 

saliva collection procedures were taken place at 
various time points on the day and therefore to 
some extent influence the results due to 
circadian rhythm of salivary flow. However, the 
mean value of salivary flow rate in each group 
showed a similar pattern. Based on that fact the 
lower flow rate of whole saliva secretion among 
the obese subjects reflects presumably an effect 
by adiposity rather than difference in sampling 
time of saliva collection.  
 

Conclusions 

 
The salivary flow rates in obese individuals 

are lower whereas the DMF-T index are higher 
compared to those of normal-weight individuals. 
There is a significant difference in salivary flow 
rate and DMF-T index between obese and 
normal-weight individuals. 
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