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Abstract 
      The decrease of salivary flow (xerostomia) is a relatively common oral symptom in people with 
HIV. This decrease will also decrease salivary volume and pH. The use of antiretroviral drugs 
(ARV) is believed to improve the quality of life of HIV infected people. The aim of this study was to 
determine salivary volume and pH and the correlation with CD4 in ARV and non-ARV HIV patients. 
      This research consisted of cross sectional and true experimental in vivo design. Stimulated 
saliva was taken using spitting method and venous blood was taken for CD4 testing. The sample 
were 25 ARV HIV, 25 non-ARV HIV and 16 healthy individuals as controls. 
      Male HIV-positive patients in both ARV and non-ARV groups were more likely than women. The 
study groups had significant differences in salivary pH (p=0.034). The correlations between CD4 
with salivary volume and pH showed  p value > 0.05 in the ARV and non-ARV groups.  
      There was no correlation between salivary volume and pH with CD4 in in both ARV and non-
ARV patients. 
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 Introduction 
 

HIV/AIDS in Indonesia initially attacked 
high-risk groups such as sex workers, 
homosexual groups, heterosexual couples who 
have multiple sexual partners and injecting drug 
users. Now HIV not only attacks those groups but 
also infects housewives that are loyal to their 
partner.1 Kemenkes RI report in 2014 stated that 
the profession which most suffered from 
HIV/AIDS is housewife.2 The vulnerability of 
infected housewives is due to the low bargaining 
power and negotiation in sexual intercourse. The 
UNAIDS Agency reported that more than 1.7 
million women in ASIA are living with HIV and 
90% of those were infected from their husbands 
or sexual partners. The group of housewives 
infected by HIV/AIDS in 2014 in Indonesia was 
6,539 cases. This figure is more than triple the 
number of sex workers infected with HIV/AIDS as 
many as 2052 cases.1,2 

Gender inequality is one of the causes of 
HIV-infected women vulnerability. The risk of HIV 
transmission and treatment is strongly influenced 
by sex and gender roles. Gender has a major 
influence on the health of men and women. Both 
men and women are equally affected by their 
gender steriotypes that can also affect their 
health.3 The combination of sex factors and 
gender roles in social, economic and cultural life 
can increase the risk of multiple diseases, while 
on the other hand it provides protection against 
other diseases.4 

Women are vulnerable to HIV/AIDS due 
to ignorance and lack of access to information, 
economical dependence and sexual violence. 
Women's and men's knowledge of sexual risk 
and HIV prevention are closely related to 
attitudes and behaviors that increase the risk of 
HIV transmission and are aggravated by their 
ability to reduce the impact of illness. Women are 
also biologically very susceptible to HIV infection 
because the structure of the vagina which has 
many large surface folds and a thin layer wall 
that is easily injured. This anatomy allows the 
semen to last longer in the vaginal cavity so that 
it can immediately infect the woman.1,5 

HIV-infected women will be affected 
physically, psychologically, socially and spiritually. 

*Corresponding author: 

Sri Tjahajawati, 
Department of Oral Biology, University of Padjadjaran, Bandung 

40132, Indonesia. 

E-mail: sri.tjahajawati@fkg.unpad.ac.id             

mailto:sri.tjahajawati@fkg.unpad.ac.id


 

Journal of International Dental and Medical Research ISSN 1309-100X                            The Correlation between Salivary Volume    
http://www.jidmr.com                                                                                                                                            Sri Tjahajawati and et al 

 

  Volume ∙ 13 ∙ Number ∙ 3 ∙ 2020 

                            
Page 1141 

The condition will be more severe if the woman is 
pregnant, giving birth or having a baby because 
they are at risk of transmitting HIV to their 
children. It is estimated that by the end of 2015 
there will be HIV transmissions to more than 
38,500 children from mothers who already 
infected with HIV.1,6 Women with HIV will get 
discrimination or stigma. The women will also 
have a low quality of life both psychologically and 
spiritually as most women with HIV/AIDS find it 
difficult to accept the facts about the disease and 
people will treat them wrong. HIV-infected 
women will experience stress and anxiety that 
can lead to a drastic reduction in the immune 
system. Women who are infected with HIV will 
experience physical changes such as losing 
weight, fatigue, unstable hormones and 
reproductive disorders.1 Changes will also occur 
in the oral cavity which can be the first sign of 
HIV infection. Manifestations of HIV/AIDS in the 
head and neck region occur in 95% of sufferers 
where 30-80% of these numbers have lesions in 
the oral cavity. They may include oral candidiasis, 
oral candidiasis, hairy leukoplakia, periodontal 
disease, neoplasms and changes in salivary 
secretions.7 

Saliva is one of the fluids in the oral cavity 
which produced and excreted by the salivary 
glands and passed into the oral cavity through a 
duct. Saliva consists of 98% water which 
contains electrolytes, mucus and enzymes.8 
Saliva is secreted 0.5-1.5 liters per day by three 
major and minor salivary glands around the 
mouth and throat to ensure stability in the oral 
cavity.9 HIV is a disease associated with 
decreased salivary secretion.10 Xerostomia is a 
subjective feeling for dry mouth due to decreased 
of salivary flow rate. Salivary flow index in adults 
is divided into three classifications: normal, low 
and very low (hyposalivation). Normal stimulated 
salivary flow ranges between 1-3 ml per minute, 
low ranging between 0.7 to 1 ml per minute and 
hyposalivation is characterized by salivary flow 
that less than 0.7 ml per minute. Normal 
unstimulated salivary flow ranges between 0.25-
0.35 ml per minute, low ranges between 0.1-0.25 
ml per minute and hyposalivation is less than 0.1 
ml per minute.8 Xerostomia is a relatively 
common oral symptom in people with HIV.11 
Xerostomia is characterized by a dry oral mucosa 
and subjectively patients will complain about 
burning mouth, taste disorders, trouble 
swallowing, difficulty with speech and halitosis. 

This can disrupt the patients in their daily social 
life.9,12 Decreased salivary secretions or 
xerostomia will alter the microflora balance 
resulting in an increase of microorganisms and 
candida in the oral cavity. This happens because 
the decrease of salivary secretion can also 
decrease its bacteriostatic function.8,12 A study 
conducted in UPIPI RSUD Dr. Soetomo, 
Indonesia in 2014 found that oral candidiasis had 
a negative correlation with CD4 cell count.13 

The regulation of salivary secretion is 
more influenced by neuronal than hormonal 
stimulation. The parasympathetic nervous 
system is more involved in the secretion of 
salivary glands in physiological states, whereas 
the sympathetic nervous system plays a role in 
salivary secretion in a pathological state. Salivary 
flow may be affected by systemic disease or 
drugs.8,9 Decreased salivary secretions may 
occur in HIV patients because of systemic parotid 
salivary glands enlargement as a result of 
follicular hyperplasia of parotid salivary gland. 
HIV virus is suspected to be a major cause of 
progressive lymphadenopathy. Other lesions that 
can lead to xerostomia and salivary gland 
enlargement in HIV patients include Kaposi’s 
sarcoma of parotid gland, lymphoma of parotid 
gland, benign lymphoepithelial lesions, cystic 
lymphoid hyperplasia of parotid gland, 
multisentric parotid cysts and cervical 
adenopathy, Sjogren's syndrome-like illness and 
Sjogren's syndrome.11 

A decrease in salivary secretion may be 
an initial sign of an individual who is infected with 
the HIV virus even though the CD4 cell count is 
within the normal range.14 Increased salivary 
secretion causes increased volume and dilution 
of saliva required for ingestion and lubrication 
processes. Increased salivary secretion may also 
increase the amount and composition of salivary 
components such as bicarbonate ions which may 
increase salivary pH. Conversely, a decrease in 
the rate of salivary secretion will decrease 
salivary pH.15 Changes in the arrangement of 
ions in the saliva can affect its function and role 
in the oral cavity thus it can cause adverse 
effects to the health of the oral cavity.9 

Saliva and the salivary glands are parts of 
the mucosal immune system. Plasma cells in the 
salivary glands can produce antibodies mainly 
from Ig A. Saliva also contains several types of 
enzymes that have antiviral effects such as 
lysozyme, lactoferrin and peroxidase.8,9 A study 
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by Shugars and Wahi (1998) showed that saliva 
can destroy mononuclear leukocytes which are 
infected by the HIV and prevent their attachment 
to the mucosal epithelial cells.16 A thick epithelial 
layer of oral cavity, low CD4 bearing target cells 
and various antiviral endogenous inhibitors of 
saliva may inhibit HIV transmission through oral 
secretions. The mechanism of this inhibitor may 
fail if the mucosal surface was not intact.17 

The use of antiretroviral drugs (ARV) is 
believed to improve the quality of life of HIV 
infected people.18 ARV treatment has been 
shown to have a significant role in preventing HIV 
transmission because its mechanism prevent 
viral replication and decrease its amount 
gradually in the blood.19 The need for ARV 
treatment aims to reduce AIDS-related deaths. 
Limited availability of drugs and resistance to 
first-line ARV drugs, discrimination against 
people living with HIV/AIDS and increased HIV 
transmission from mothers to children tends to 
increase the number of HIV/AIDS populations. 
The increasing number of people with AIDS 
increases the need for ARV. HIV infection and 
ARV drug use have no effect on tooth growth. It 
is more likely to affect the growth and density of 
bones that support the teeth.7 

Based on that, this study was conducted 
to find out about salivary volume, salivary pH and 
its correlation with CD4 in ARV and non-ARV HIV 
patients. 
  

Materials and methods 

 
This study consisted of two designs which 

were cross sectional and true experimental in 
vivo. The study population was HIV patients who 
came to the Lotus Clinic of RSHS Bandung. The 
sample was chosen by purposive sampling that 
has fulfilled the predetermined inclusion criteria 
of 25 HIV patients who had not received 
antiretroviral therapy (ARV) and 25 HIV patients 
who had been given antiretroviral drugs. In 
addition, samples from 16 healthy individuals 
were also collected as controls. Ethical approval 
was obtained from the Medical Research Ethics 
Committee and informed consent was signed by 
the respondent before the study began. 

Inclusion Criteria: 

 Men and women; Age> 18 years 

 Willing to participate after signing the 
informed consent. 
 

Exclusion Criteria: 

 Patients who were not possible to be 
examined due to their consciousness 
level  

 Non-cooperative and non-communicative 
patients. 
 
Criteria for healthy subjects in the study: 

 Men and women; Age> 18 years 

 Not suffering from systemic disease 

 Have CD4 levels within normal range 

 There were no signs and symptoms 
associated with HIV infection in the oral 
cavity 

 Willing to participate after informed 
consent. 

 
Saliva was collected by spitting method. 

The procedure of measuring saliva volume by 
spitting method in this study was as follows: 

 Subjects in a relaxed state 

 Subjects were asked to rinse in order to 
clean up the remains of food in the oral 
cavity 

 Subjects were required to chew gum for ± 
3 minutes 

 Subjects asked to collect the saliva in the 
oral cavity with head position slightly bent 
for ± 5 minutes 

 The saliva collected every minute was 
streamed into the funnel and stored in the 
test tube 

 Salivary volume was measured by 
checking the value on the test tube. 
 
Saliva pH measurements were performed 

using pH paper test. The measurement 
procedures were as follows: 

 Subjects in a relaxed state 

 Subjects were asked to rinse in order to 
clean up the remains of food in the oral 
cavity 

 pH paper test placed under the subject's 
tongue for 2 minutes 

 pH paper test would change color 

 The color change in the paper test was 
adjusted to the available indicator to 
determine the salivary pH 
 
The CD4 was counted from collecting 

intravenous blood by analysts at the Lotus Clinic 
of RSHS. The venous blood that has been taken 
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was immediately sent to an infectious laboratory 
to obtain a CD4 count. 
 

Results 
 
This study started by taking the 

examination of saliva and serum from the 
screening of three study groups: 

 Group 1: HIV patients who had not received 
antiretroviral therapy (Non-ARV) 

 Group 2: HIV patients who had received 
antiretroviral therapy (ARV) 

 Group 3: healthy individuals as control 
groups 

Table.1 showed that male HIV-positive 
patients in both ARV and non-ARV groups were 
more likely than women. Data and information 
center of Kemenkes RI stated that the pattern of 
the spread of HIV transmission by sex is more 
common in men than women. This is because 
men have behaviors that are at higher risk of HIV 
infection than women.2 HIV/AIDS diseases is 
mostly infected men, but women are the most 
vulnerable to HIV/AIDS transmission from their 
partners or husbands.1 The vulnerability is due to 
women's lack of knowledge, economic 
dependence, coercion in sexual relationships and 
biological factors where woman has wider and 
more vulnerable vaginal anatomy that may 
increase the risk of HIV transmission.1,5 The 
vulnerability of HIV-infected women is proven by 
the most prevalent pattern of HIV transmission is 
among housewives, followed by entrepreneurs 
and non-professional personnel.2 This is 
noteworthy because innocent women are 
particularly vulnerable to HIV/AIDS and bear the 
enormous burden of the illness in both the social 
and family environment.20 Providing ARV 
treatment to women is also very important 
especially for women who are pregnant or having 
the potential to become pregnant. ARV treatment 
should be given to pregnant women with any 
CD4 count and clinical stage to prevent mother-
to-child transmission of HIV.19 

 
 Discussion 

 
The fact that men are more likely to be 

infected by HIV than women is responded by a 
prevention through the use of condoms by men. 
Men are also encouraged to stay away from 
commercial sex workers. It does not support 
gender issues in sexual relations because 

women do not use condoms but negotiate for it 
with men.7 Women's low bargaining power in 
sexual relationships will make it difficult for 
women to protect themselves against HIV 
infection because their sexual partners are 
reluctant to use condoms and women do not 
have the courage to refuse at-risk sex.1,5 

 

 
Table 1. Sample Characteristics. 
ChiSquare test; Kruskal-Wallis test. 

 
Table.1 also showed that the average age 

of patients in the ARV group is 38 years, 
whereas in the non-ARV HIV group is 28 years. 
The pattern of HIV transmission by age has not 
changed much in the last few years and is more 
prevalent in the productive age of 25-49 years.2  
One of the long-term effects of endemic 
HIV/AIDS that has widespread greatly is affecting 
the demography of AIDS in Indonesia. This is 
due to the high proportion of productive age 
groups affected by these dangerous diseases 
thus decreasing life expectancy. The more 
productive age group who are exposed to HIV 
infection the smaller their contribution to the 
national economy and social development.7 

 

 
Table 2. Comparison of Measured 

Variables in Three. 
*According to Covarians analysis using sex and age as covarians 

444. 
 

Table.2 shows that there was no 
significant difference in salivary volume from the 
three study groups. A high or low salivary flow 
rates can affect the amount of salivary volume. 
There was a tendency for salivary volume and 
salivary pH of HIV group to rise to the value of 
salivary volume of the healthy group. The results 
of this study differ from the study by Nittayananta 
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et al who stated that ARV HIV patients had lower 
salivary flow rate than Non-ARV HIV patients due 
to the effect of protease inhibitors on ARV drug. 
Another study by Lin et al states that there is no 
difference in salivary flow rates between ARV 
and non-ARV HIV patients.21 The disparity may 
be due to differences in saliva collection methods, 
antiretroviral drugs used and the climate and time 
of the study.  

Table.2 shows that there was a difference 
between the salivary pH of the three study 
groups. Non-ARV patients have a lower pH than 
ARV and healthy patients. A Study conducted by 
Hegde's et al also found that there was a 
decrease in pH in HIV-infected patients.22 The 
decrease in salivary pH may affect the health of 
the oral cavity. Saliva has a buffer ability to 
regulate the degree of acidity in the oral cavity 
using components such as proteins, bicarbonate 
and phosphates as salivary pH regulators.23 
Bicarbonate, phosphate and protein in saliva also 
have antibacterial function. Acids produced by 
bacteria inside the oral cavity can be neutralized 
by these components by diffusing into the 
plaque.8,23 The salivary pH and buffers ability 
also affect the occurrence of caries in the oral 
cavity.8 Saliva with a low pH between 4.5-5.5 will 
facilitate the growth of acidogenic bacteria such 
as Streptococcus mutans and Lactobacillus.24 
Saliva also has a function of lubrication and 
protection of tooth tissue through the 
remineralization of enamel with calcium and 
phosphate.8,15 The decrease in salivary pH in the 
oral cavity will cause rapid demineralization of 
the tooth element.25 Changes in salivary pH also 
affect the growth of microflora in the periodontal 
tissue.8,12 The study by Baliga et al found that the 
decrease of salivary pH were associated with the 
formation of periodontal pockets. Patients with 
chronic generalized periodontitis have a lower 
salivary pH than healthy people.26 This could be 
an explanation for the tendency of people with 
HIV to be more easily and quickly exposed to 
caries and periodontal disease than people who 
are not HIV-infected. Women are especially 
susceptible to periodontal disease at various 
times of their lives. Hormonal changes such as 
puberty, menstruation, pregnancy and 
menopause can cause an exaggerated response 
to irritants from bacterial plaque. During these 
times, women experience hormonal changes that 
can make gums sensitive and increase risks for 
gum disease. During menstruation, women may 

notice several changes in their mouth, including 
swollen gums, lesions, canker sores and swollen 
salivary glands because of a surge of 
progesterone before period, or menses, begins. 
Some women don’t notice any changes at all. For 
others, particularly those for whom plaque or 
pockets are a problem, there may be bleeding 
gums and sores for three or four days before the 
start of the period/menses. During hormonal 
fluctuations, it is especially necessary to maintain 
oral health. Pregnant women are particularly 
prone to periodontal (gum) disease due to 
hormonal changes associated with pregnancy. 
Research has found that women with periodontal 
disease are at higher risk for delivering pre-term, 
low birth weight (PLBW) infants, that is, an infant 
born before the 37th week of pregnancy. In fact, 
research indicates that pregnant women who 
have periodontal disease may be seven times 
more likely to have a pre-term, low birth weight 
infant. A common problem for women who take 
oral contraceptives, or birth control pills, is gum 
inflammation. The hormone in oral contraceptives 
increases the level of progesterone. Periodontal 
pathogens (disease causing bacteria) utilize this 
hormone as a growth factor.27 

 

 
Table 3. Correlation between CD4 with 

Measured Variables in Study Groups. 
r = Pearson Coefficient Correlation. 

 
The salivary volume and pH of this study 

were measured using saliva which was 
stimulated by chewing gum. The average salivary 
volume (log) in ARV HIV patients was 0.7890 
whereas non-ARV HIV patients had lower 
salivary volumes of 0.625. The mean salivary 
volume in these ARV HIV patients was classified 
as low-stimulated salivary flow index whereas the 
non-ARV HIV patients was classified as very low 
stimulated salivary flow index or hyposalivation.8 
The salivary pH in ARV HIV patients ranged from 
8.7-8.5, whereas non-ARV HIV patients and 
healthy samples ranged from 7.0-8.5. The 
salivary pH range in both the antiretroviral and 
HIV ARV groups was higher than the normal 
(unstimulated) salivary pH values which ranges 
from 6.7-7.3. The mechanically stimulated saliva 
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has a higher pH value than the unstimulated 
saliva. The chewing forces resulting from such 
mechanical stimulation increases the amount of 
salivary secretion followed by an increase of 
salivary pH.9 

Table.3 shows that there was no 
significant correlation between CD4 cells in both 
ARV and non-ARV HIV patients with salivary 
volume and pH. HIV disease will suppress the 
immune system, which lowers CD4 cell counts in 
infected patients. Decreased salivary pH and 
buffer capacity may be associated with the 
weakened immune system in infected patients as 
found in other immune-compromised conditions. 
Human immunodeficiency virus (HIV) causes 
severe immunosuppression due to progressive 
CD4 T-cell lymphocyte decline during the course 
of the disease and this affects all body systems 
including glandular secretions. A number of 
lesions affecting the salivary glands have been 
noted in HIV infection.22 

 

 
Table 4. Correlation between Salivary 

Volume with Measured Variables in Study 
Groups. 
r = Pearson Coefficient Correlation.  

 

 

 
Table 5. Correlation between Salivary pH 
with Measured Variables in study Groups. 
r = Pearson Coefficient Correlation. 

  
Table.4 shows a moderate and highly 

significant correlation between volume and 
salivary pH in both the ARV HIV group (r = 0.55 
and p = 0.004) as well as in the non-ARV HIV 
group (r = 0.515 and p = 0.008). A moderate and 
highly significant correlation relationship was also 
seen between saliva pH and salivary volume in 
both the ARV HIV group (r = 0.55 and p = 0.004) 
as well as the non-ARV HIV group (r = 0.515 and 
p = 0.008) indicated by Table.5. Salivary volume 

and pH are influenced by the rate of salivary 
secretion. Increased salivary secretion will lead 
to increased salivary volume and its bicarbonate 
composition which may increase salivary pH. In 
the other hand, a decrease in the rate of salivary 
secretion will lead to a decrease of salivary 
volume and pH. The mechanism is closely 
related to salivary function in the oral cavity. 
Patients infected with HIV will experience a 
decrease in salivary secretion characterized by 
xerostomia. This will lead to a decrease in 
salivary volume and pH so that HIV-infected 
patients are more susceptible to oral diseases.22 
Decreased volume and salivary pH in HIV 
patients will also affect the food processing, 
mastication and ingestion.15 
 
 Conclusions 
 

Based on the results of the study, it can 
be concluded that male HIV-positive patients in 
both ARV and non-ARV groups were more likely 
than women. There’s a difference in salivary pH 
between the three study groups which are ARV 
HIV, non-ARV HIV and healthy group. Salivary 
volume has a correlation with salivary pH in the 
ARV and non-ARV HIV group, either from 
salivary volume to salivary pH or salivary pH to 
salivary volume. There was no correlation 
between salivary volume and pH with CD4 in in 
both ARV and non-ARV patients. 
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