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to undetectable levels (<50 RNA copies/mL). It 
also results in substantial increase in circulating 
CD4+ T‑lymphocytes. Combination therapy uses 
three antiretroviral agents directed against at 
least two distinct molecular targets.[4] Side effect 
of HAART includes bloating, nausea, diarrhea, 
fatigue, headache, nightmares, and decreased 
salivary flow which leads to increase in caries 
index.[5,6] It has also been reported that HAART 
therapy affects the chemosensory system in 70% of 
individuals and 23% of patients reported a change 
in the taste sensation.[7]

INTRODUCTION

Acquired immune deficiency syndrome has caused 
a major damage since its discovery. Worldwide, 
around 2 million new HIV patients add to the current 
list of the infected individuals.[1] However, advances 
in the knowledge of the pathogenesis, patient care, 
pharmacology of antiretroviral therapy has led to decrease 
in the incidence of the HIV patients globally.[2] Highly 
active anti‑retroviral therapy (HAART), commonly 
known as HAART, has played a pivotal role in increasing 
the life span of the infected patients.[3]

HAART dramatically suppresses viral replication 
and reduces the plasma HIV‑1 viral load (vLoad) 
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The cause of perversion of the taste sensation is 
still debatable. Some researchers believe that taste 
alterations results due to the progression of the 
disease while other implies it might be the side effect 
of the drug therapy, i.e., HAART. Therefore, we 
planned this study to evaluate the salivary flow rate 
and gustatory changes in HIV‑positive patients with 
HAART and without HAART. We also correlated 
CD4 count and salivary flow rate and gustatory 
function in HIV‑positive patients on HAART and 
not on HAART.

METHODS

After obtaining clearance from the institutional 
ethical committee, we started the study by dividing 
seropositive patients into two groups. Group I 
includes seropositive patients on HAART therapy 
and Group II includes seropositive patients not 
on HAART therapy. Each group comprised thirty 
participants.

Inclusion criteria
• HIV seropositive individuals of both sexes and all 

age
• HIV seropositive patients on who have been 

advised HAART for the first time with no prior 
history of anti‑retroviral drugs

• HIV seropositive patients not on any antiretroviral 
drugs (HAART).

Exclusion criteria
• HIV seropositive diseases with any known salivary 

gland disease and congenital salivary gland 
abnormality

• HIV‑seropositive individuals with any other 
systemic disorder and on any known medication 
affecting salivary flow rate and gustatory function.

All the patients were appropriately coded to 
maintain their confidentiality. Patients case history, 
current HAART medications, CD4 count, the WHO 
clinical staging were recorded. Patients were tested 
in a noise free and comfortable room with no 
distraction. Salivary flow rate (unstimulated) was 
measured using Schirmer’s test. Based on the length 
of wetting of Schirmer test strip, reading was 
recorded.

The gustatory function was assessed by four freshly 
prepared tastant solutions of sucrose (sweet), sodium 
chloride (salty), citric acid (sour), and quinine 
sulfate (bitter) in five concentration levels with 1/2 log 

steps. During the procedure, patients were presented 
with 5 ml of a taste solution in a cup and 5 ml of distilled 
water in other two cups, they were instructed to sip 
and swish the solution for 10 s. Patients were asked 
to identify the taste of given solution. Every correct 
identification was given a score of “1” was given, and 
incorrect identification was scored as “0.” The detection 
threshold of taste was measured on a scale of 1–5 (lowest 
to highest) for all concentrations of each taste solution.

Outcome measures
The outcome measures of the study were salivary flow 
rate and identification and detection threshold of all 
four taste senses (sweet, sour, salty and bitter) in both 
groups. The outcome measures of both the groups 
were assessed at the baseline visit (0 month) and 
consecutive visits at 2, 4, and 6 months. Co‑relation of 
age, sex, and CD4 count with salivary flow rate and 
gustatory function was also evaluated.

Statistical analysis
The mean values of recorded data were analyzed with 
appropriate statistics. Student’s t‑test was performed 
to compare the variables between groups. To compare 
repeated measures of two groups analysis of variance 
was performed. The significance of mean difference 
within (intra) and between (inter) the groups was 
analyzed using Tukey’s post hoc test. To ascertain 
normality and homogeneity of variance between 
groups Shapiro–Wilk’s test and Levene’s test were 
performed, respectively. Categorical (discrete) 
groups were compared using Chi‑square (χ2) test. 
Pearson’s correlation analysis was performed to assess 
association between the variables.

OBSERVATIONS AND RESULT

Measure of salivary flow rate
The mean salivary flow rate was decreased in both 
Group I and Group II over 6 months. However, it 
decreased more in Group I than Group II [Figure 1].

Figure 1: Mean salivary flow rate of both groups at different time 
intervals
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When compared both the groups, the mean salivary 
flow rate showed no significant change in Group I and 
II at the time 0 month, 2 months, 4 months, but it was 
found to be significant at 6 months interval. In Group I, 
there was statistically significant decrease (P < 0.001) 
in the salivary flow rate at all intervals of time.

In Group II, there was statistically decrease in salivary 
flow rate at 0–4 months, 0–6 months, 2–4 months, 
2–6 months. However, the decrease was not statistically 
significant at 0–2 months and 4–6 months (P = 0.992 
and 1.000, respectively).

Measure of gustatory function
Sweet taste
Identification
The mean identification score for sweet taste in Group I 
remained constant from 0 month to 2 months and 
decreased, thereafter whereas, in Group II, it remained 
constant from 0 month to 4 months and decreased 
thereafter. The mean identification sweet score was 
significantly higher in Group II than Group I [Figure 2a].

Detection threshold
The mean detection threshold score for sweet taste in 
Group I and Group II remained constant from 0 month 
to 4 months but later on both the groups showed an 
increase in sweet taste threshold. The mean detection 
threshold score for sweet taste was comparatively 
higher in Group I than Group II [Figure 2b].

Salty taste
Identification
The mean identification score for salty taste in 
Group I and Group II remained constant from 0 to 
4 months then it decreased at 6 months in Group I 

and increased in Group II. The mean identification 
score was comparatively higher in Group II than in 
Group I [Figure 3a].

Detection threshold
The mean detection threshold score for salty taste 
in Group I and Group II remained constant from 
0 month to 4 months then it increased at 6 months 
in Group I and decreased in Group II. The mean 
detection threshold score was comparatively higher 
in Group I than in Group II [Figure 3b].

Sour taste
Identification
The mean identification score for sour taste in Group I 
and Group II remained constant from 0 to 2 months; 
thereafter, it decreased at 4 and 6 months in Group I. In 
Group II, it increased at 4 months and then decreased 
again at 6 months. The mean identification sour 
score was comparatively higher in Group II than 
Group I [Figure 4a].

Detection threshold
The mean detection threshold score for sour taste in 
Group I and Group II remained constant from 0 month to 
2 months. It then increased at 4 and 6 months in Group I, 
whereas, in Group II, it decreased slightly at 4 months, 
but increased again at 6 months. The mean detection 
threshold score for sour taste was comparatively higher 
in Group I than Group II [Figure 4b].

Bitter taste
Identification
The mean identification score for the bitter taste in 
Group I and Group II remained constant from 0 to 
2 months, then it was decreased at 4 and 6 months 

Figure 3: (a) Mean identification score for salty taste of both groups at 
different time intervals. (b) Mean detection threshold score for salty 
taste of both groups at different time intervals

b

a

Figure 2: (a) Mean identification score for sweet taste of both groups at 
different time intervals. (b) Mean detection threshold score for sweet 
taste of both groups at different time intervals

b

a
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in Group I. In contrast, it was constant at all‑time 
intervals in Group II. The mean identification score 
for bitter taste was comparatively higher in Group II 
than Group I [Figure 5a].

Detection threshold
The mean detection threshold score for the bitter 
taste in Group II remained constant at 0,2,4 and 
6 months. However for Group I, it was constant at 
0 and 2 months, but it increased at 4 and 6 months, 
respectively. The mean detection threshold score for 
bitter taste was comparatively higher in Group I than 
Group II [Figure 5b].

Co-relation of age, sex, and CD4 count with salivary 
flow rate and gustatory variables
The Pearson’s correlation analysis in Group I showed 
no significant co‑relation between age, sex, and CD4 
count with salivary flow rate and gustatory variables; 
however in Group II, a significant negative (inverse) 
correlation was seen between salivary flow rate and 
age (r = −0.41, P < 0.05) It was found that as the age 
increases salivary flow rate decreases or vis‑a‑versa. 
Furthermore, in Group II, the changes in sweet 
taste (r = 0.58, P < 0.01) showed positive co‑relation 
with sex, whereas in salty taste (r = −0.57, P < 0.01) 
an inverse association was seen.

The Pearson’s analysis showed a significant 
inverse co‑relation between changes in salty taste 
score and salivary flow rate in Group I (r = −0.59, 
P < 0.001); however, it showed a positive co‑relation 
in Group II (r = 0.45, P < 0.05). The changes in 
other gustatory variables showed no significant 
co‑relation (P > 0.05) with CD4 count and salivary 
flow rate in both the groups.

DISCUSSION

Xerostomia, hyposalivation, and altered taste 
sensation are the common complaints of seropositive 
patients, and it is equally noted in adult as well 
as pediatric patients.[8] The change in quality and 
quantity of the salivary constituents will result in 
high caries index, deterioration of the oral health 
and increased chances of opportunistic infections. 
Although HAART is an integral part of medical 
management for HIV infection, owing to its various 
side effects, it greatly compromises the quality of life 
among these patients.

The ambiguity over the cause of hyposalivation or 
xerostomia still exists. The disease progression theory 
suggests that diffuse infiltration of CD8+ lymphocyte 
in salivary glands causes suppression of salivary 
gland functions, whereas the other theory suggests, 
the adverse effect of HAART are responsible for 
hypofunctioning of salivary glands.[9]

Many studies have been reported to evaluate the 
effect of HIV infection on salivary gland and gustatory 
function in HIV‑positive patients. In this study, 
HIV‑positive patients on HAART and without HAART 
were included to assess the salivary and gustatory 
alterations at regular time intervals for 6 months. 
In this study, the salivary flow rate was reduced in 
HIV‑positive patients on HAART as compared to 
those not on HAART. These findings were consistent 
with the studies conducted by Navazesh et al.[10] In 
contrast  Johar et al.[11] reported increased salivary 
flow rate in patients on HAART, whereas Lin et al.[12] 
and Pavithra et al.[13] found no significant difference 
in patients with or without HAART.

Figure 4: (a) Mean identification score of sour taste of both groups at 
different time intervals. (b) Mean detection threshold score for sour 
taste of both groups at different time intervals

b

a

Figure 5: (a) Mean identification score for bitter taste of both groups at 
different time intervals. (b) Mean detection threshold score for bitter 
taste of both groups at different time intervals

b

a
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Nittayananta et al. and Kumar et al. observed that 
long‑term use of HAART causes a significant decrease 
in salivary flow rate of HIV‑positive patients.[14,15] 
Similarly, there was a significant decrease in salivary 
flow rate but after long‑term follow‑up (4–6 months) 
in our study. Navazesh et al. suggested that 
individuals on long‑term HAART are at a higher 
risk for developing salivary gland enlargement and 
salivary gland hypofunction altering the composition 
of saliva.[10] These alterations could be due to HIV 
infection itself, consequent immunosuppression or 
the effect of drugs used in HAART. These conflicting 
observations may be the result of the differences in 
HAART regimen and the method of saliva collection.

Glick et al. and Bretz et al. mentioned in their study 
that reduced salivary flow rate was associated with 
decreased CD4 count in HIV‑positive individual[16,17] 
Kumar et al. also concluded that reduction in CD4 
cell counts were significantly associated with reduced 
salivary flow rates in HIV‑positive individuals who 
were on long‑term HAART.[15] Our study found 
no significant co‑relation between CD4 count and 
salivary flow rate in HIV‑positive patients both with 
HAART and without HAART. The differences in the 
co‑relation of CD4 count and salivary flow rate may 
be attributed to the variations in the upper and lower 
range of CD4 count of the study population. In this 
study, the lowest mean CD4 count was 224 cells/mm3.

The present study showed an inverse co‑relation between 
age and salivary flow rate in patients without HAART, 
whereas no co‑relation was observed in patients with 
HAART. Here, we propose that no correlation between 
the patient on HAART and salivary flow rate infers 
to role of therapy in alteration of salivary flow and 
warrants further research. Sex was not found to be 
co‑related with salivary flow rate in both the groups.

We observed significant taste alterations in HIV 
patients with HAART, whereas nonsignificant 
alterations were noted in patients without HAART, 
similar to the findings reported by López‑Verdín 
et al.[9] Sour and bitter tastes were more affected as 
compared to sweet and salty tastes, which was in 
accordance with Raja et al.[7] The significant alteration 
in sour and bitter taste could be the result of adaptation 
to these tastes caused by continuous stimulation by 
HAART and also may have resulted in the higher 
detection threshold to it.

There was no significant co‑relation of CD4 count and 
salivary flow rate and gustatory changes in our study 

which was in accordance with the findings of Heald 
et al.[18] López‑Verdín et al. in their study reported that 
there was significant xerostomia, reduction in salivary 
flow rate and flavor alteration in HIV‑positive patients 
on HAART which was consistent with our findings.[9]

The reasons for hypofunctioning of salivary gland 
and gustatory alterations in HIV‑positive patients 
are being studied continuously. In the present study, 
significant effects of HAART were seen on salivary 
flow rate and gustatory functions in HIV‑positive 
patients. No significant alterations in salivary flow 
rate and gustatory functions were seen in HIV‑positive 
patients without HAART, irrespective of CD4 counts. 
Although previous studies reported that decrease 
in CD4 count, suggestive of immune suppression 
and HIV progression was a significant factor for the 
decrease in salivary and gustatory function. However, 
our study did not support the above theory of decrease 
salivary and gustatory function rather it entails the 
role of HAART in hypofunction and dysgeusia.

The differences in observations in the present study 
and other reported studies could be due to varied 
follow‑up period and different HAART regimen. 
HAART could be a major etiological factor for inducing 
hyposalivation and taste perversion. However, further 
studies with larger sample size and including patients 
in advanced stages of HIV infection with longer 
follow‑up period are required to discern the effects 
of HAART on salivary gland functions and gustatory 
alterations.

CONCLUSION

Reduction in salivary flow rate and alteration in 
gustatory function are problems of imperative concern 
for HIV positive patients. A significant association of 
these changes is seen with the use of HAART regimen. 
Hence, along with routine oral health appraisal in 
HIV‑positive patients, evaluation of salivary flow rate 
and taste abnormalities should also become an integral 
part of patient assessment. Various drugs are helpful 
in the management of reduced salivary flow, leading 
to enhancement in quality of life of these patients by 
improving their nutritional status, immune status, 
and treatment compliance.
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