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ABSTRACT
Aim: The sense is an important driver of diet choice, which can lead to the development of chronic diseases such as diabetes. 
Although factors affecting differences in taste function between individuals have been evaluated in healthy individuals, there 
are limited studies investigating them in patients with type 2 diabetes. The aim of the present study was to analyse the factors 
affecting taste function in individuals with type 2 diabetes. 
Material and Method: Sixty-one participants with a history of type 2 diabetes lasting at least one year and aged 19 to 75 years 
were enrolled. The taste function was tested using impregnated filter paper strips. 
Results: The mean taste strip scores of the participants for sweet, salty, bitter, sour, and overall were 2.38±0.88, 1.91±0.92, 
2.28±0.76, 2.18±1.01, 8.7±1.81, respectively. Age was significantly associated with the taste score for salty (r= -0.225 p= 0.041) 
and sour (r= -0.252 p= 0.040). It was determined that there was no effect of other confounders (gender, body mass index, 
fasting plasma glucose, glycosylated hemoglobin and duration of diabetes), except age, on the overall taste score in participants.
Conclusion: Future studies with a larger number of patients may help better investigate the factors affecting taste function in 
type 2 diabetics.
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INTRODUCTION
The prevalence of type 2 diabetes mellitus (T2DM) has 
increased rapidly worldwide over the past few decades, 
and is expected to rise by more than 50% by 2045 (1).
T2DM is a chronic metabolic disease that requires 
continuous medical care in which the body cannot 
benefit adequately from carbohydrates, fats, and proteins 
due to insulin deficiency or impaired insulin action. 
Although T2DM is a polygenic illness, environmental 
and behavioural variables play a role in its incidence (2).

When the chemical concentration of a tastant exceeds a 
threshold level, taste receptors are activated, resulting in 
action potentials in fibers of taste nerve strong enough 
to produce taste perception (3). Previous studies (4,5) 
reported that activation of sensory receptors induces 
oral and gastrointestinal secretion, contributing to the 
metabolic and digestive process. Multiple factors affect 
the taste threshold, including genetics, age, body weight, 
consumption, smoking, acute and chronic diseases (6). 
Taste sensation and food preferences have been shown 
to be significant in dietary and food consumption. A 

loss of taste sensation, which could lead to an increase 
in unhealthy eating habits, could have severe health 
consequences. It may increase the likelihood of metabolic 
disorders such as obesity, diabetes, and metabolic 
syndrome (7,8).

To date, there are very few reports that describe factors 
linked to taste function in type 2 diabetics. The results 
of these studies are contradictory in some aspects, 
suggesting the need for more evaluative studies. The 
aim of this current study was to determine the factors 
associated with taste function in type 2 diabetics.

MATERIAL AND METHOD 

Study Population
The sample consisted of 61 individuals who had been 
diagnosed with type 2 diabetes for at least one year. 
Diabetic patients admitted to internal outpatient clinic. 
Participants who agreed to participate in this study were 
asked to sign an informed consent form in accordance with 
the Declaration of Helsinki. The study was carried out with 
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the permission of Gaziantep Islam Science and Technology 
University Non-interventional Clinical Researches Ethics 
Committee (Date: 27.09.2022, Decision No: 2022/148). 
Patients were subjected to preliminary interviews and 
their suitability for the study was evaluated. The inclusion 
criteria were age between 19 and 75 years, body mass 
index (BMI)<40 kg/m2. Exclusion criteria were: smoking 
or history of smoking; chronic use of alcohol or substance 
abuse in the past 6 months; presence of comorbidity 
that affects taste (i.e., renal or liver diseases, presence or 
previous treatment with history of cancer, previous head 
and neck radiation, hypothyroidism, neurodegenerative 
diseases, depression, acute infections in the previous 2 
weeks, respiratory diseases, periodontitis, anosmia and 
denture carriers), usage of antibiotics, antihistamines, 
antidepressants, anticonvulsants, antineoplastic drugs or 
environmental toxins; pregnancy and breastfeeding.

Data Collection
Face-to-face interviews were used to obtain data on 
demographic variables and diabetes information using 
a questionnaire form. Anthropometric measurements 
of the individuals (body weight, height) were taken. 
Blood samples were taken to test the fasting plasma 
glucose (FPG), glycosylated hemoglobin (HbA1c). Taste 
assessments were performed through taste strips.

Anthropometric Measurements 
An trained dietitian took anthropometric measurements 
(weight, height) using standard measurements 
procedures (9).Body weight was determined using an 
electronic scale to the nearest 0.1 kilogram. Stadiometer 
was used to measure height to the nearest 0.1 cm. Body 
mass index (BMI) was calculated by dividing weight (kg) 
by the square of height (m2).

Laboratory Assays
FPG and HbA1c were measured in blood samples taken 
after 12 hours of fasting. FPG was measured by the 
glucose oxidase method. HbA1c levels were measured 
in the same laboratory by high-performance liquid 
chromatography.

Taste Test
Taste function tests was performed using the taste strips 
which are basically tastant impregnated filter paper strip 
(10). Each of the 16 taste stimuli was impregnated with 
one of these four tastes: sweet, sour, salty, and bitter. The 
following concentrations were used for taste stimuli: 
sweet: 0.4, 0.2, 0.1, 0.05 g/mL sucrose; salty: 0.25, 0.1, 0.04, 
0.016 g/mL sodium chloride; bitter: 0.006, 0.0024, 0.0009, 
0.0004 g/mL quinine hydrochloride; sour: 0.3, 0.165, 0.09, 
0.05 g/mL citric acid. Tastants were solved in distilled 
water. During the test, participants washed their mouths 
with a sip of water before each taste strip. The strip was 

placed in one third of the tongue. With their tongue still 
extended, the patients had to identify the taste from a list 
of four descriptors, sweet, sour, salty and bitter (multiple 
forced choice). The tastes were delivered with increasing 
concentrations in a random order. Each correct answer was 
given as 1 point (maximum 4 points for each taste quality 
score and 16 points for the overall test score). A taste score 
was calculated based on the number of accurately identified 
tastes. Taste strips provide various advantages, including a 
short testing period and good consistency of result (10).

Statistics
The data was analysed using SPSS version 22.0 (SPSS Inc. 
Chicago, IL, USA). Continuous variables were reported 
as mean ( ͞x), with and standard deviation (SD), and 
categorical variables were expressed as number with and 
percentage. The normality of the variable distribution 
was checked with the Shapiro–Wilk test. Quantitative 
data was compared using the independent samples 
t-test. The spearman correlation coefficient was used to 
analyse the correlations among taste scores and variables. 
Multiple linear analysis was used to determine the factors 
related to overall taste scores. The value of p < 0.05 was 
set as statistically significant.

RESULTS
Table 1 describes the demographic characteristics and 
baseline measurements of the participants. The current 
study included 61 adults (33 men and 28 women) with a 
mean age of 52.39 14.33 years (range from 20 to 74 years). 
The mean BMI of the participants was 25.38±3.86 kg/m2 
and mean duration of type 2 diabetes was approximately 
4 years. When it comes to biochemical parameters, the 
mean fasting blood glucose level was 171.64±41.31 mg/
dL and the mean HbA1c concentration was 7.59±1.38%.

Table 1. Demographic, anthropometric, and biochemical 
parameters of participants

Total (n=61)
͞x±SD

Men (n=33)
͞x±SD

Women (n=28)
͞x±SD p

Age (years) 52.39±14.33 49.52±14.18 55.79±14.00 0.089
Weight (kg) 71.56±12.25 78.43±9.48 63.47±10.06 <0.001
BMI (kg/m2) 25.38±3.86 26.50±3.52 24.05±3.88 0.012
Duration of 
diabet (years) 3.77±1.56 3.62±1.42 3.92±1.74 0.817

FPG 171.64±41.31 174.45±43.43 168.32±39.19 0.568
HbA1c (%) 7.59±1.38 7.26±1.34 7.98±1.36 0.043
BMI: Body mass index, FPG: Fasting plasma glucose, HbA1c: hemoglobin A1c

The mean taste strip scores of the participants for sweet, 
salty, bitter, sour and overall were 2.38±0.88, 1.91±0.92, 
2.28±0.76, 2.18±1.01, 8.7±1.81, respectively. Additionally, 
there were no statistically significant differences between 
taste scores and gender (all p > 0.05). Table 2 displays the 
mean taste scores.
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Table 2. Taste Scores of Participants
Total 
͞x±SD

Men 
͞x±SD

Women 
͞x±SD

p

Taste scores
Sweet 2.38±0.88 2.45±0.87 2.29±0.90 0.459
Salty 1.91±0.92 2.09±0.77 1.79±1.03 0.520
Bitter 2.28±0.76 2.24±0.71 2.32±0.82 0.775
Sour 2.18±1.01 2.33±1.08 2.00±0.90 0.201
Overall 8.70±1.81 9.12±1.88 8.21±1.62 0.068

The correlation between taste scores and investigated 
parameters are shown in Table 3. Age was significantly 
associated with taste score for salty (r= -0.225, p= 0.041) 
and sour (r=-0.252,p= 0.040). FPG and HbA1cwere not 
associated with taste scores. Additionally, we also found 
that the duration of diabetes and BMI were not related to 
taste scores for any of the tastes.

Table 3. Correlation between taste scores and investigated 
parameters

Sweet Salty Bitter Sour

Age 
r -0.174 -0.225* 0.096 -0.252*
p 0.180 0.041 0.463 0.040

BMI
r 0.256 0.014 -0.010 0.243
p 0.066 0.916 0.940 0.059

FBG
r -0.019 0.082 -0.118 0.209
p 0.885 0.531 0.367 0.106

HbA1c
r -0.041 -0.004 -0.105 -0.176
p 0.751 0.978 0.419 0.175

Duration of diabetes
r 0.174 0.097 0.040 0.010
P 0.179 0.457 0.758 0.938

BMI: Body mass index, FPG: Fasting plasma glucose, HbA1c: hemoglobin A1c

The multiple linear regression model was significant 
and could explain8.2%of the variation in the overall 
taste score among the participants (Table 4). This 
analysis shows that only age had p-values smaller than 
0.05, suggesting that age had a significant effect on the 
overall score of taste. Furthermore, the standardized 
β coefficients indicated that age was the independent 
variable with the highest explanatory power in the 
model (-0.280). Moreover, higher overall taste score was 
associated with lower age.

DISCUSSION
In the present investigation, the taste scores of 61 patients 
with T2DM were also examined taking into account 
gender, age, duration of diabetes, anthropometric 
measurements and biochemical parameters (FPG, 
HbA1c). 

It has been extensively shown that the sense of taste plays 
a crucial role in the regulation of nutrient ingestion, 
the control of the digestive process, and the release of 
neuroendocrine hunger and satiety hormones. Although 
factors related to taste sensitivity have been studied 
in healthy people, patients with type 2 diabetes have 
reported less of these parameters. The ageing process 
can also lead to alterations in the sense of taste. It is 
generally assumed that a decrease in taste sensitivity 
occurs after the age of 60 years (11).In a study carried out 
by Pugnaloni et al. (12), it was shown that people with 
diabetes display a reduced overall taste discrimination, 
and the researchers also observed that the odds of success 
decreased by 6.5% for every additional 5 years of age. In 
this study, we found that age was negatively correlated 
with salty, sour and overall taste scores. Our findings are 
consistent with those of Pugnaloni et al. (12), who found 
that taste function in type decreases with age.

There is no obvious association between gender and 
taste sensitivity in the literature. Although many studies 
have reported that men were less sensitive compared 
to women in taste function in healthy people or cancer 
patients (13-15).The outcomes of studies on type 2 
diabetes are contradictory. According to a study by Yu 
et al. (16), diabetic men are less sensitive to sweet taste 
than diabetic women. Some studies found that there 
was no significant effect of gender on differences in taste 
function in patients (12, 17, 18).In our study, we did not 
find significant differences in taste scores according to 
gender. 

The current evidence for a relationship between BMI 
and taste in healthy adults is inconsistent, with some 
researches (19-21) finding no association, and others 
(22-24) suggesting a link between taste sensitivity and 
BMI. In a study of individuals with type 2 diabetes, it was 
found that there was no relationship between sucrose 

Table 4. Multiple linear regression model explaining variations in overall taste score
β1 (%95 CI) SE β2 t p Zero Partial

Constant 8.478 (3.297 - 13.659) 2.584 3.281 0.002
Age -0.035 (-0.069 - -0.002) 0.017 -0.280 -2.107 0.040 -0.394 -0.276
Gender -0.456 (-1.415 - 0.503) 0.478 -0.127 -0.954 0.345 -0.252 -0.129
BMI 0.065 (-0.07 - 0.200) 0.067 0.138 0.960 0.341 0.301 0.130
FBG 0.004 (-0.007 - 0.015) 0.006 0.090 0.694 0.491 0.208 0.094
HbA1c -0.087 (-0.418 - 0.245) 0.165 -0.066 -0.524 0.603 -0.096 -0.071
Duration of diabetes 0.166 (-0.118 - 0.451) 0.142 0.144 1.173 0.246 0.135 0.158
F=2.658; p=0.025; Adj. R2= 0,082; β1: unstandardized coefficient; β2: standardized coefficient, BMI: Body mass index, FPG: Fasting plasma glucose, HbA1c: hemoglobin A1c
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supra-threshold and BMI (18). In this study, we also 
found that there was no association between taste scores 
and BMI. 

Some researchers found a direct relationship between 
blood glucose concentration and taste (25, 26). However, 
according to other studies, there was no association 
between taste scores and HbA1c levels (12, 18, 25, 27, 28). 
In addition to this study, several studies (16, 18, 29, 30) 
revealed no association between taste and either plasma 
glucose or glycosylated haemoglobin concentration, 
confirming the findings of this study. Although the 
pathophysiology of taste change remains unclear in 
diabetic patients. In accordance with the literature (18, 
28, 31, 32), although the pathogenesis of diabetic patients' 
taste changes is unknown, the present data demonstrate 
that taste sensation in type 2 diabetics is not correlated 
with disease duration. This may be related to additional 
benefit of antidiabetic drugs in reducing the progression 
of underling disorders of altered taste sensitivity.

The exact underlying cause of diabetes-related taste 
impairment is uncertain. However, studies that examine 
taste function in T2DM have provided a variety of 
explanations for the decreased taste sensation in type 2 
diabetics. First, taste impairment may be a degenerative 
complication of DM; due to neuropathy of the taste 
nerves. Increased intracellular glucose in diabetics leads 
to the formation of advanced glycosylation end products 
(AGEs), which bind to a cell surface receptor. AGEs have 
been shown to cross-link proteins (e.g. collagen and 
extracellular matrix proteins), accelerate atherosclerosis, 
promote glomerular dysfunction, reduce nitric oxide 
synthesis, induce endothelial dysfunction, and alter 
the composition and structure (33). Second, peripheral 
neuropathy affecting taste nerves or microangiopathy 
affecting taste buds may be responsible for taste 
impairment , but this is unlikely in newly diagnosed 
diabetic patients with clinical signs of microvascular 
problems (34). Third, the altered taste in T2DM may be 
associated with a slower rate of receptor turnover (35). 
In addition, the possible involvement of reduced salivary 
flow and zinc deficiency in these individuals may be 
associated with reduced taste function (36). Further, an 
inherent or acquired defect of the taste receptor or an 
abnormality in the mechanism underlying the central 
appreciation of taste in the brain may represent additional 
involved mechanisms (29).

The limitations of the current study must be taken into 
account when interpreting its findings. In this case, the 
inherent limitations of the cross-sectional design cannot 
be overcome because causality cannot be established 
from an observational design. Also, the sample size is 
relatively small. Other limitations relate to medication 
use; it is essential to point out that the medications of 

the participants were not documented in this study. 
Some studies (37-39) showed that diabetes medications 
(including metformin and losartan) have been linked 
to taste impairment. Despite limitations, the findings of 
this study are worthy; as it is one of the first studies to 
investigate effects of demographic, anthropometric, and 
clinical factors on taste alterations in type 2 diabetics.

CONCLUSION
The taste score for four basic taste modalities as well as 
the overall taste score were analysed in patients with 
Type 2 diabetes. It was discovered that the overall taste 
score of these individuals was not affected by any other 
confounding factors, with the exception of age. Future 
studies in a larger number of patients may help to better 
investigate the complex link between taste changes, 
diabetes, and related factors.
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