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ABSTRACT

Background and objectives: Diabetes Mellitus (DM) is associated with altered taste perception, often leading to
cravings for carbohydrate-rich foods. Although taste dysfunction has been linked to diabetic neuropathy, this
association is debatable. Few studies have evaluated taste thresholds in individuals with diabetes, necessitating
further investigations. This study aimed to assess gustatory function in patients with Type 2 Diabetes Mellitus
(T2DM).

Materials and methods: A total of 138 participants were included in the study: 46 with controlled T2DM, 46 with
uncontrolled T2DM, and 46 healthy controls. Taste perception was assessed using whole-mouth threshold and
spatial tests. Data were analysed using the Kruskal-Wallis test, followed by Dunn-Bonferroni post hoc tests for
pairwise comparisons. The significance level (p) was set at 0.05 for all statistical analyses.

Results: HbAlc levels were highest in the non-controlled diabetes group (11.22%), followed by the controlled DM
group (7.43%) and the control group (5.08%) (p < 0.001). Whole-mouth threshold and spatial taste tests showed
significant taste impairment in patients with diabetes, worsening with poor glycaemic control (p < 0.001),
particularly for sweet, sour, and bitter tastes. Salt perception was unaffected (p = 0.56).

Conclusion: Individuals with diabetes exhibit taste dysfunction, particularly for sweet, sour, and bitter tastes.
Blunted sweet perception may lead to increased sugar intake, worsening hyperglycaemia. These findings high-

light the need for dietary counselling to mitigate the impact of taste impairment on glycaemic control.

1. Introduction

Gustation, or taste perception, is a critical chemosensory function
essential for guiding dietary behaviour, ensuring optimal nutrient
intake, and maintaining overall health. The human ability to detect and
discriminate among five basic taste modalities—sweet, sour, salty,
bitter, and umami—facilitates appropriate food choices and aids in the
avoidance of potentially harmful substances. This sensory function is
underpinned by a complex physiological system comprising three pri-
mary components: tastant molecules that stimulate sensory responses,
specialised taste receptor cells located within taste buds, and an aqueous
environment provided by saliva, which acts as a solvent and carrier,
enhancing the interaction between tastants and their respective re-
ceptors. Saliva also modulates taste perception through its enzymatic
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and biochemical composition, influencing both sensitivity and adapta-
tion to flavours.

The initiation of taste sensation begins when tastants reach threshold
concentrations and activate specific receptors on the gustatory cells.
This interaction generates electrical signals that travel via afferent
gustatory nerves to higher-order brain regions, where taste perception is
processed. Disruption at any point in this cascade can lead to taste
dysfunction, which may significantly affect food preferences, nutritional
intake and metabolic health. A variety of factors—including aging,
smoking, obesity, chronic alcohol intake, renal impairment, and expo-
sure to cancer therapies—are known to adversely impact gustatory
function.>*

Among systemic conditions, diabetes mellitus (DM), a chronic
metabolic disorder characterised by sustained hyperglycaemia, has been
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increasingly associated with alterations in taste perception. Both Type 1
and Type 2 DM (T1DM and T2DM) are associated with taste distur-
bances, which may manifest as decreased sensitivity or altered thresh-
olds, particularly for sweet and salty tastes. These disturbances may
contribute to maladaptive eating behaviours, such as increased carbo-
hydrate cravings, which further impair glycaemic control.”> However,
the pathophysiological mechanisms underlying taste dysfunction in
diabetes are multifactorial and have not been fully elucidated yet.
Importantly, taste perception may also be influenced by local oro-dental
factors such as periodontal disease,® salivary flow alterations,” oral
mucosal changes,® dental deposits,” and infections,' all of which are
prevalent in diabetic individuals.'® This creates a diagnostic dilemma in
determining whether altered taste perception arises primarily from
systemic diabetic pathology or from local oral conditions. Highlighting
this distinction is essential for understanding the true origin of taste
disturbances and for developing targeted clinical interventions.

Proposed mechanisms include peripheral neuropathy affecting gus-
tatory nerves, microvascular damage reducing blood supply to taste
buds, direct injury to taste receptor cells, and central dysregulation of
taste processing. ' Emerging evidence also points to defective glucose
sensing in gustatory cells, paralleling the dysfunction seen in pancreatic
B-cells, as a contributor to altered taste responses in patients with dia-
betes.'®> Moreover, pharmacological agents commonly prescribed to
individuals with diabetes and the elderly (e.g. ACE inhibitors, anticon-
vulsants, and chemotherapeutic drugs) have also been implicated in the
induction or exacerbation of taste disturbances.'*

Additionally, some studies have reported a correlation between
elevated blood glucose levels and blunted taste responses, suggesting a
bidirectional relationship in which poor glycaemic control may both
result from and contribute to impaired taste function. However, the
literature remains inconsistent, with varying reports on the nature and
extent of these alterations.'>'® This underscores the need for more
focused studies to investigate the quantitative aspects of gustatory
thresholds in diabetic populations.

Clinical evaluation of taste function employs both objective and
subjective methods, including whole-mouth threshold testing (assessing
the ability to detect different concentrations of each basic taste) and
spatial or localised taste testing (applying tastants to specific areas of the
tongue to identify regional deficits).'”"'® These assessments offer valu-
able insights into the patterns and severity of gustatory dysfunction in
patients with DM.

Despite the clinical significance of taste alterations in diabetes,
limited research has systematically explored threshold-based taste
changes in individuals with T2DM, particularly in comparing controlled
and uncontrolled glycaemic states. The present study aimed to bridge
this gap by evaluating gustatory function in individuals with controlled
and uncontrolled Type 2 Diabetes Mellitus using both whole-mouth and
spatial taste threshold assessments, in comparison with healthy controls.
The findings aim to shed light on the nature and extent of taste im-
pairments in diabetes, with implications for dietary counselling,
behavioural modification, and improved glycaemic management stra-
tegies in affected individuals.

2. Materials and Methods

A total of 200 patients who presented to the Outpatient Department
of Oral Medicine and Radiology at the People’s Dental Academy, Peo-
ple’s University, Bhopal, were screened for this study. The sample size
was calculated for hypothesis testing between three means (assuming
equal variances) using an effect size of 0.58, standard deviations of 25.4
and 29.4, a mean difference of 16, with a 5 % alpha error and 80 %
power, yielding a required sample size of 46 per group,’ based on the
formula provided by Lachenbruch et al. (1991).'° This cross-sectional
observational study was conducted after obtaining approval from the
Institutional Ethics Committee (Approval No. IEC/2023/100/02). Of
these, 138 met the inclusion criteria and were assigned to the study
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group, comprising 46 individuals with controlled type 2 diabetes mel-
litus and 46 with uncontrolled type 2 diabetes mellitus.

e Group 1: Controlled type 2 diabetes mellitus (n = 46)
e Group 2: Uncontrolled type 2 diabetes mellitus (n = 46)
e Group 3: Healthy controls (n = 46).

Eligibility for inclusion required a confirmed diagnosis of type 2
diabetes mellitus for a minimum duration of one year. Both male and
female participants were included in this study. The exclusion criteria
included individuals with mental or physical illnesses, habits such as
tobacco use or alcohol consumption, systemic disorders other than type
2 diabetes mellitus, and use of medications other than oral hypo-
glycaemic agents. Additionally, patients with a history of cranial
trauma, partial or complete glossectomy, pregnant or lactating women,
or individuals with known food allergies were excluded from the study.
Participants with any local oral conditions that could influence taste
perception, such as active periodontal disease, oral mucosal lesions,
recent oral surgical procedures, extensive metallic restorations or
prostheses, or clinically evident oral infections, were also excluded to
eliminate potential confounding factors. The control group comprised
46 healthy individuals matched for age and sex without any systemic
disorders or medication use. The same exclusion criteria were applied to
ensure homogeneity between the groups.”’

Taste solutions were prepared at various concentrations, including
sucrose (sweet) at 0.19, 0.38, 0.75, 1.5, and 3 g/ml; sodium chloride
(salty) at 0.06, 0.12, 0.25, 0.5, and 1 g/ml; citric acid (sour) at 0.15, 0.3,
0.6, 1.2, and 2.5 g/ml; and quinine hydrochloride (bitter) at 0.0012,
0.0025, 0.005, 0.01, and 0.02 g/ml. The preparation of these taste so-
lutions was based on standard concentrations established in prior
research to ensure consistency and comparability.*'

Cotton swabs were used to apply the stimuli. Prior to participation,
all participants were provided with a detailed explanation of the pro-
cedure and informed consent was obtained. A comprehensive case his-
tory was recorded, followed by a thorough oral examination before
gustatory testing. Patients in the study group underwent laboratory
assessment of glycosylated haemoglobin (HbAlc), based on which they
were classified as follows: controlled diabetes mellitus (HbAlc 6-8 %),
uncontrolled diabetes mellitus (HbAlc >8 %), and healthy controls
(HbAlc <6 %).*>**

To ensure accuracy in gustatory assessment, all participants were
instructed to refrain from eating or drinking anything other than water
for at least 1 h before testing. Gustatory function was evaluated using
two standardised methods: the whole-mouth above-threshold taste test
and the spatial taste test. Taste solutions were prepared at five con-
centration levels to assess the intensity of perception on a graded scale.

2.1. Whole-mouth, above-threshold taste test

The patient was asked to rinse their mouth thoroughly with distilled
water, followed by presenting three rows of cups which were randomly
arranged on a tray. One of the cups contained 5 ml of the sample solu-
tion, while the remaining two contained 5 ml of distilled water. The
participants were given one cup of 5 ml solution at a time and were
asked to sip, swish for 15 s, and spit out the sample. If the patient was
unable to identify, a higher concentration was administered, and the
same procedure was performed. Water was provided to remove the re-
sidual taste. The patient was then asked to correctly identify the quality
of the taste (sweet, salty, sour, bitter, or tasteless), and the responses
were recorded. If the participant failed to identify the correct solution, a
solution with a higher concentration was presented. Once an accurate
selection was made, the procedure was repeated at the same concen-
tration until three consecutive correct responses were obtained, and it
was recorded as the detection threshold and tabulated. Taste sensitivity
was scored on a scale from 1 to 5, where a score of 1 indicated good taste
sensitivity (detecting the lowest concentration) and a score of 5
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indicated poor taste sensitivity (detecting only the highest
concentration).24

2.2. Spatial (localized) taste test

In this test, the ability of the participants to identify different tastes in
various localised areas of the mouth was assessed. The six different lo-
cations were the right and left anterior and posterior lateral surfaces of
the tongue and the two sides of the soft palate lateral to the midline. This
test consisted of applying each taste stimulus at the highest concentra-
tion and distilled water (blank) in these areas for 5 s. The areas of
application of the tastant and distilled water were at least 2 cm apart.
Participants were asked to rate the perceived taste intensity on a 10-
point scale from 0 to 9, where 0 denoted no perception and 9 denoted
a very strong taste perception. To eliminate bias and residual effects, the
mouth was rinsed with distilled water between each stimulus
application.?*

Data from both whole-mouth and spatial taste tests provided a
comprehensive evaluation of gustatory function across the study groups,
allowing for an objective assessment of alterations in taste perception in
individuals with type 2 diabetes mellitus. Statistical analyses were
conducted using IBM SPSS Statistics (version 25; IBM Corp., Armonk,
NY, USA) and Microsoft Excel (Microsoft Corp., Redmond, WA, USA).
Descriptive statistics were used to summarise the data. The Kruskal-
Wallis test was performed to compare differences among the three
groups, followed by Dunn-Bonferroni post hoc tests for pairwise com-
parisons. The significance level (p) was set at 0.05 for all statistical
analyses.

3. Results
3.1. Age distribution

The three groups had comparable age distributions. The mean age in
the controlled diabetes group was 51.43 years (SD = 5.14), with an age
range of 43-62 years. The non-controlled diabetes group had a slightly
higher mean age of 52.2 years (SD = 5.53), ranging from 42 to 61 years.
The control group had a mean age of 50.11 years (SD = 4.39), ranging
from 40 to 58 years. (Table 1).

3.2. Gender distribution

The sex distribution across the three study groups showed a higher
proportion of males in the diabetes groups than in the control group. In
the controlled diabetes mellitus group, males accounted for 18.12 % (n
= 25) and females accounted for 15.22 % (n = 21). The non-controlled
diabetes mellitus group included 28 males (20.29 %) and 18 females
(13.04 %). In the control group, 22 males (15.94 %) and 24 females
(17.39 %) were included (Table 1).

3.3. HbAIc levels

The mean HbAlc levels varied significantly across the groups. The
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controlled diabetes group had a mean HbAlc of 7.43 % (SD = 0.69),
ranging from 6.1 % to 8.5 %. The non-controlled diabetes group
exhibited significantly higher levels, with a mean of 11.22 % (SD = 1.65)
and a range of 8.2 % to 14.2 %, reflecting poor glycaemic control. The
control group maintained the lowest levels, with a mean of 5.08 % (SD
= 0.63) and values ranging from 3.6 % to 5.9 %, which is consistent with
normoglycaemia (Table 1).

3.4. Duration of diabetes

The duration of diabetes was marginally longer in the non-controlled
diabetes group. The controlled diabetes group had a mean duration of
5.8 years (SD = 1.31), ranging from 3 to 8 years. In the noncontrolled
group, the mean duration was 6.24 years (SD = 1.82), with a range of 3
to 10 years. As expected, the control group had no history of diabetes
(Table 1).

3.5. Whole-mouth threshold testing scores

Whole-mouth threshold testing revealed significant differences in
taste perception among individuals with controlled diabetes mellitus,
non-controlled diabetes mellitus, and the control group, with poorer
glycaemic control associated with higher taste thresholds.

For sweet perception, 60.87% of individuals with controlled diabetes
scored 3, 10.87% scored 1 or 2, and 17.39% required higher concen-
trations (scores 4 or 5). In contrast, 58.70% of the noncontrolled dia-
betes group scored 5 and 23.91% scored 4, with no participants
detecting sweetness at a score of 1. The control group exhibited the
highest sensitivity, with 58.70% and 23.91% scoring 1 and 2,
respectively.

Salt perception followed a similar trend. While all control partici-
pants detected salt at a score of 1, only 32.61% of the controlled diabetes
group did, with 67.39% having a score of two. In the non-controlled
diabetes group, 54.35% had a score of 2, and 21.74% had a score of 3.

Bitter perception was minimally affected in the controlled diabetes
group (97.83% scored 1), but impairment was evident in the non-
controlled diabetes group, where 73.91% scored 1, 17.39% scored 2,
and 8.70 % scored 3. The control group detected bitterness at a score of
1.

Sour perception was the most impaired in the non-controlled dia-
betes group, with no sourness detected at a score of 1. Only 23.91%
scored 2, while 56.52% required a score of 3, and 19.57% needed a score
of 4. In contrast, 86.96% of the control group scored 1, while the
controlled diabetes group showed moderate impairment, with 41.30%
scoring 1 and 56.52% scoring 2.

The Kruskal-Wallis test revealed significant differences between the
groups for all taste modalities (p < 0.001). Post hoc Dunn-Bonferroni
analysis confirmed significantly higher threshold scores for sweet,
salty, bitter, and sour tastes in the non-controlled diabetes group than in
the controlled diabetes and control groups (p < 0.001). The controlled
diabetes group also had significantly higher sour taste thresholds than
the control group (p < 0.006), demonstrating a progressive decline in
taste perception with worsening glycaemic control (Table 2 and Fig. 1).

Table 1
Descriptive statistics for age, HbAlc, duration, and gender distribution across study groups.
Variable Group N % Mean SD Min Max Male (n/%) Female (n/%)
Age (years) Controlled DM 46 33.33% 51.43 5.14 43 62 25/18.12 % 21/15.22 %
Non-controlled DM 46 33.33% 52.20 5.53 42 61 28/20.29 % 18/13.04 %
Control group 46 33.33% 50.11 4.39 40 58 22/15.94 % 24/17.39 %
HbAlc (%) Controlled DM 46 33.33% 7.43 0.69 6.1 8.5 25/18.12 % 21/15.22 %
Non-controlled DM 46 33.33% 11.22 1.65 8.2 14.2 28/20.29 % 18/13.04 %
Control group 46 33.33% 5.08 0.63 3.6 5.9 22/15.94 % 24/17.39 %
Duration (years) Controlled DM 46 33.33% 5.80 1.31 3 8 25/18.12 % 21/15.22 %
Non-controlled DM 46 33.33% 6.24 1.82 3 10 28/20.29 % 18/13.04 %
Control group 46 33.33% 0 0 0 0 22/15.94 % 24/17.39 %
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Table 2

Comparison of Whole-mouth threshold testing Scores of Sweet, Salt, Bitter, and
Sour between Controlled diabetes mellitus, Non-Controlled diabetes mellitus
and Control Group.

Taste Group N Median Mean Range P
Score Rank (Min-Max) value
Sweet Controlled 46 3 67.65% 1-5 0.001*
Score  diabetes
mellitus
Non-controlled 46 5 107.7° 1-5
diabetes
mellitus
Control group 46 1 33.15° 1-5
Salt Controlled 46 2 79.63 1-3 0.001*
Score  diabetes
mellitus
Non-controlled 46 2 92.37 1-3
diabetes
mellitus
Control group 46 1 36.5 1-3
Bitter Controlled 46 1 64.46% 1-3 0.001*
Score  diabetes
mellitus
Non-controlled 46 1 81.04° 1-3
diabetes
mellitus
Control group 46 1 63¢ 1-3
Sour Controlled 46 2 60.7° 1-4 0.001*
Score  diabetes
mellitus
Non-controlled 46 3 111.15° 1-4
diabetes
mellitus
Control group 46 1 36.65¢ 1-4

*Statistical significance set at 0.05; N: Number of samples; Controlled diabetes
mellitus (a), Non-controlled diabetes mellitus (b), and Control group (c).
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3.6. Spatial taste test scores

The spatial taste test demonstrated significant differences in taste
perception across different tongue regions. The controlled diabetes
group exhibited a mean sweet perception score of 39.61 (range: 24-48),
indicating moderate impairment. The non-controlled diabetes group
had a higher mean score of 49.3 (range: 42-54), reflecting significant
deficits, while the control group showed a much lower mean score of
21.78 (range: 18-24), suggesting intact perception.

Salt perception was relatively stable across all groups. The controlled
diabetes group had a mean score of 30.26, whereas the non-controlled
diabetes and control groups exhibited comparable mean scores of
29.61 and 29.74, respectively, with overlapping ranges (24-36), sug-
gesting that salt perception was largely unaffected by diabetes.

For bitter perception, the control group had a mean score of 19.43,
which reflected normal function. The controlled diabetes group showed
mild impairment, with a mean score of 23.87. However, the non-
controlled diabetes group exhibited substantial variability, with a high
mean score of 36.91 and a wide range (0-54), indicating inconsistent
and often severe deficits in the bitter taste perception.

Sour perception was markedly impaired in the non-controlled dia-
betes group. The control group had the lowest mean score (6), which
reflected normal perception. The controlled diabetes group had a mean
score of 24, suggesting moderate impairment, whereas the noncon-
trolled diabetes group exhibited the highest mean score of 38.61 (range:
30-54), indicating profound dysfunction in sour taste perception.

The Kruskal-Wallis test confirmed significant differences in sweet,
bitter, and sour taste perceptions among the groups (p < 0.001), leading
to the rejection of the null hypothesis. Post hoc Dunn-Bonferroni tests
revealed that all pairwise comparisons between the controlled diabetes,
non-controlled diabetes, and control groups were statistically significant
(p < 0.05), indicating distinct taste perception impairments in patients
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Fig. 1. Graphical comparison of whole-mouth threshold test scores for sweet, salty, bitter, and sour tastes among the controlled diabetes mellitus, noncontrolled

diabetes mellitus, and control groups.
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with diabetes. The non-controlled diabetes group demonstrated signif-
icantly higher spatial taste test scores for sweet, bitter, and sour per-
ceptions than the controlled diabetes and control groups, whereas the
controlled diabetes group exhibited significantly higher scores than the
control group. In contrast, the Kruskal-Wallis test for salt perception
showed no significant differences (p = 0.56), indicating that diabetes
had no substantial impact on this modality (Table 3 and Fig. 2).

4. Discussion

Gustation is an essential chemical sense that plays a pivotal role in
food selection, influencing dietary preferences based on an individual’s
nutritional needs and physiological requirements.”> The taste percep-
tion mechanism is primarily dependent on the taste buds in the oral
cavity, which detect various stimuli categorised into four fundamental
tastes: sweet, salty, sour, and bitter.”® Gustatory function is frequently
compromised in individuals with diabetes mellitus; however, systematic
screening for taste disorders remains neglected.”” This oversight may
stem from the common misconception that taste impairment is not as
severe as other diabetic manifestations such as visual impairment.*
Consequently, individuals with diabetes tend to ignore minor taste al-
terations until they experience a complete loss of taste perception,
known as ageusia. However, studies have suggested that taste disorders
can significantly affect food intake, leading to poor metabolic control
and further exacerbating glycaemic dysregulation.”®

Several studies have reported that more than one-third of adult pa-
tients with diabetes experience hypogeusia, an attenuated taste
perception that directly affects their ability to maintain a balanced
diet.>?*0 The aetiology of taste impairment in diabetes remains un-
clear; however, multiple hypotheses have been proposed. One possible
explanation is that prolonged disease duration and long-term compli-
cations, such as peripheral neuropathy, contribute to taste dysfunc-
tion.®! Another perspective suggests an inherent defect in glucose taste

Table 3
Comparison of Spatial taste test of Sweet, Salt, Bitter, and Sour between
Controlled diabetes mellitus, Non-Controlled diabetes mellitus and Control
Group.

Taste Group N Median Mean Range P
Score Rank (Min-Max) value
Sweet Controlled 46 42 70.98% 24-48 0.001*
Score  diabetes

mellitus

Non-controlled 46 48 113.96°  42-54

diabetes

mellitus

Control group 46 22 23.57¢ 18-24
Salt Controlled 46 30 73.28 24-36 0.56
Score  diabetes

mellitus

Non-controlled 46 30 66.92 24-36

diabetes

mellitus

Control group 46 30 68.29 24-36
Bitter Controlled 46 24 64.52% 18-24 0.001*
Score  diabetes

mellitus

Non-controlled 46 30 112.87°  0-54

diabetes

mellitus

Control group 46 18 31.11°¢ 18-30
Sour Controlled 46 24 69.5% 24-24 0.001*
Score  diabetes

mellitus

Non-controlled 46 39 115.5° 30-54

diabetes

mellitus

Control group 46 6 23.5¢ 6-6

*Statistical significance set at 0.05; N: Number of samples; Controlled diabetes
mellitus (a), Non-controlled diabetes mellitus (b), and Control group (c).
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receptors, while an alternative hypothesis explores a broader impair-
ment in glucose-sensing receptors, encompassing both taste receptors
and pancreatic p-cells, in type 2 diabetes.>’ Additionally, early onset
taste disturbances within the first two years of diabetes diagnosis sug-
gest the potential involvement of genetic or familial factors.” Further-
more, persistent hyperglycaemia has been implicated as a nonspecific
factor affecting gustatory function, reinforcing the multifactorial nature
of taste impairment in diabetes.”’

The present study employed a physiological taste evaluation using
solutions representing the four basic tastes (sweet, salty, sour, and
bitter) to assess whole-mouth threshold taste perception and localised
spatial taste sensitivity in diabetic and nondiabetic participants. The
findings revealed a significant impairment in sweet taste perception,
followed by sour, bitter, and salty tastes, with a highly significant p-
value (<0.001) observed in the whole-mouth threshold taste test. Spe-
cifically, eight participants with uncontrolled diabetes exhibited com-
plete ageusia to sweet taste, while 57 individuals (27 with controlled
diabetes and 30 with uncontrolled diabetes) demonstrated hypogeusia.
In the localised spatial taste test, two uncontrolled diabetic patients
were unable to detect sweet taste, whereas 77 patients (38 with un-
controlled DM and 39 with controlled diabetic patients) exhibited
hypogeusia with significant impairment in all six regions of the oral
cavity. These findings highlight a generalised decline in sweet taste
sensation among patients with diabetes, with more pronounced deteri-
oration in uncontrolled diabetes. This aligns with the principle that
hyperglycaemia-associated changes, rather than unrelated pathophysi-
ological explanations, are the key contributors to the impairments
observed in this cohort, thereby maintaining a results-driven discussion.

Bitter taste impairment was also observed, with three patients with
uncontrolled diabetes exhibiting ageusia to bitter taste in the whole-
mouth threshold test. A statistically significant difference (p < 0.001)
was found between patients with uncontrolled diabetic patients and the
control group, whereas a less significant difference (p = 0.004) was
noted between patients with controlled diabetic patients and healthy
controls. Additionally, six uncontrolled diabetic subjects failed to detect
bitter taste across all six tested locations in the localised spatial taste test,
confirming consistent impairment in bitter taste perception among
diabetic subjects. These results contrast with those of certain studies,
such as those by Gondivkar et al., who reported minimal alterations in
bitter taste perception among patients with diabetes.>

In contrast to other tastes, salt taste perception exhibited the least
impairment. Although the whole-mouth threshold taste test showed
significant differences between the diabetic and control groups (p <
0.001), the localised spatial taste test revealed no substantial differences
in the mean intensity scores among the three groups. This suggests that
salt taste perception remains relatively preserved in diabetes, which is
consistent with some reports,?* while contradicting others that have
documented significant salt taste impairment.**

Sour taste perception was notably impaired in patients with uncon-
trolled diabetes, with 23 individuals exhibiting hypogeusia. However,
minimal changes were observed between patients with controlled dia-
betic patients and healthy controls (p < 0.001). These results indicate
that uncontrolled diabetes is associated with a global decline in taste
perception, supporting previous studies that have reported sour taste
impairment in diabetic populations.24’34 The lack of significant differ-
ences between the controlled diabetic and control subjects suggests that
glycaemic regulation may mitigate taste disturbances to some extent.

Taste perception can be influenced by numerous factors, including
anatomical variations, deleterious habits, and microbial infections.>”
However, all the study participants presented with normal oral mucosal
integrity, ruling out the possibility of infection as a confounding factor.
Moreover, taste perception was bilaterally symmetrical across all 120
participants, consistent with the findings of previous studies. Saliva
plays a critical role in taste function by dissolving taste stimuli and
transporting them to taste buds. Reduced salivary flow, a common
complaint among patients with diabetes, has been linked to gustatory
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Fig. 2. Graphical comparison of spatial taste test scores for sweet, salty, bitter, and sour tastes among the controlled Diabetes Mellitus, noncontrolled Diabetes

Mellitus, and control groups.

dysfunction due to impaired taste papillae maturation.>® Sreebny et al.
suggested that xerostomia in diabetic patients results from glycemic
disturbances and direct metabolic effects on salivary glands. In the
present study, subjective symptoms of oral dryness were recorded in
four subjects with uncontrolled diabetes, reinforcing the hypothesis that
reduced salivary function may contribute to taste impairment.*®

From a dental perspective, the evaluation of taste perception in in-
dividuals with diabetes has substantial clinical and preventive rele-
vance. Taste plays a pivotal role in regulating dietary preferences, and
gustatory alterations may indirectly affect oral health. In individuals
with diabetes, diminished taste perception can lead to a preference for
foods with higher sugar or salt content, thereby increasing the risk of
dental caries, periodontal inflammation, and mucosal irritation.®”
Furthermore, reduced taste acuity may lower appetite or alter food se-
lection patterns, compromising nutritional balance and ultimately
influencing glycaemic control — a factor that directly affects peri-
odontal and oral tissue health.*® These dental implications directly
contextualise the findings of the present study, fulfilling the need for a
clearer oro-dental perspective and demonstrating how taste impairment
intersects with oral disease risk and diabetic dietary behaviour.

In addition to systemic factors, several local oral conditions can
modulate taste perception. Chronic periodontitis, gingival inflamma-
tion, and microbial dysbiosis can impair taste bud function through in-
flammatory mediators and alterations in the oral microenvironment.>’
Similarly, metallic restorations, prostheses, and dental appliances can
contribute to dysgeusia via galvanic interactions, corrosion by-products,
or surface oxidation, which interfere with taste receptor function.’
Recent oral surgical procedures, mucosal trauma, or extractions may
temporarily disturb the integrity of the lingual and chorda tympani
nerves, resulting in transient taste dysfunction.”’ Moreover, local sali-
vary gland hypofunction, coating of the tongue with debris, and reduced
epithelial turnover associated with diabetes can compound the
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impairment of taste sensation. *?

From a clinical standpoint, awareness of these factors is crucial for
dental practitioners, as altered taste perception may affect a patient’s
motivation to maintain oral hygiene, adherence to prescribed diets, and
acceptance of oral health interventions. Since patients with diabetes
frequently seek dental care for complications such as xerostomia, peri-
odontitis, and candidiasis, incorporating taste assessment into routine
dental evaluations could facilitate the early recognition of sensory dis-
turbances and prompt interdisciplinary management. Therefore, the
study of taste perception in diabetic individuals extends beyond sys-
temic considerations and offers valuable insights into comprehensive
oral healthcare, dietary counselling, and patient-centered preventive
strategies within dental practice.*!

A significant correlation was observed between glycosylated hae-
moglobin (HbAlc) levels and sweet taste impairment (p < 0.001) in
both diabetic groups. Although other tastes did not show a direct cor-
relation with HbAlc, the overall decline in taste threshold suggests a
relationship between hyperglycaemia and altered gustatory function.
Previous research has indicated that taste perception generally declines
with age, particularly for salt and bitter tastes, whereas sweet and sour
perceptions remain relatively unaffected.*® Given that the mean age of
the study participants was 51 years, age-related decline was unlikely to
have influenced the observed taste impairments, further supporting the
conclusion that diabetes was the primary factor affecting taste function.

The strengths of the present study include its systematic approach to
taste assessment, exclusion of confounding factors such as peripheral
neuropathy, medication-induced dysgeusia, and deleterious habits, and
the use of both whole-mouth and localised spatial taste tests to ensure
comprehensive evaluation. Additionally, this study provides valuable
insights into the correlation between HbAlc levels and taste impair-
ment, emphasising the importance of glycaemic control in preserving
gustatory function. However, the limitations of this study include the
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relatively small sample size and lack of assessment of other potential
contributing factors, such as genetic predisposition, hormonal varia-
tions, and broader metabolic influences. Future studies should consider
a larger sample size with more diverse demographic representations,
along with advanced diagnostic tools such as electrogustatory testing
and functional neuroimaging, to elucidate the underlying mechanisms
of taste impairment in diabetes. Furthermore, investigating in-
terventions to enhance taste perception in patients with diabetes, such
as dietary modifications and taste receptor-targeted therapies, could
provide novel strategies for improving nutritional intake and glycaemic
management.

5. Conclusion

The present findings underscore the need for routine screening of
gustatory function in patients with diabetes mellitus. Despite the high
prevalence of taste impairment (95 % of the diabetic subjects in this
study), only 2.5 % of the individuals reported subjective taste alter-
ations. This highlights the need for objective testing to identify gustatory
dysfunction at an early stage of disease. Given the significant impact of
taste perception on dietary habits and metabolic regulation, oral health
professionals and general physicians should incorporate taste assess-
ments into standard diabetic care protocols. Future research should
explore methods to enhance taste receptor sensitivity, refine dietary
counselling approaches, and develop meal plans tailored to the altered
taste perception of patients with diabetes, thereby promoting better
glycaemic control and overall health outcomes.
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