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ABSTRACT

Objective: The Taste and Smell Dysfunction Questionnaire (TSDQ) has proven effective in identifying taste and smell dysfunction, especially
among patients undergoing hemodialysis, and is considered a valid and reliable assessment tool. The Taste Strip Test (TST) and the University
of Pennsylvania Smell Identification Test (UPSIT) are acknowledged as gold standards in research, exhibiting high sensitivity and specificity in
the detection of dysgeusia and anosmia. However, the implementation of these gold standards in Indonesia is restricted by their high costs.
Consequently, the TSDQ is anticipated to serve as a more economical and practical alternative for the prompt and accurate detection of dys-
geusia and anosmia. This study aimed to evaluate the sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and
overall accuracy of the Indonesian version of the TSDQ.

Methods: The design of this study was cross-sectional with Receiver Operating Characteristic (ROC), Area Under the Curve (AUC), and cut-off
point analysis. These analyses were performed to determine the contingency table 2x2 to obtain the diagnostic test value.

Results: The study demonstrated that the Indonesian version of the TSDQ for detecting dysgeusia and anosmia exhibited a sensitivity of
(84.9%); (89.2%), specificity of (85.3%); (90.5%), PPV of (83.1%); (81.6%), and NPV of (86.9%); (94.6%). Overall accuracy rates were 85.1% for
dysgeusia and 90.0% for anosmia, respectively.

Conclusion: The Bahasa Indonesia version of the TSDQ demonstrates good diagnostic performance when evaluated against gold standard
tests (TST and UPSIT). These findings support its potential use as a practical and cost-effective screening tool for detecting dysgeusia and

anosmia among hemodialysis patients, particularly in settings where reference testing is limited.
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Introduction

Chronic kidney disease (CKD) is a progressive condition that
ranks as the twentieth leading cause of death worldwide.
According to the National Chronic Kidney Disease Fact Sheet
(2022), approximately 30 million adults, or 15% of the adult
population in the United States, are affected by CKD." Globally,
the World Health Organization (WHO) reported a CKD prev-
alence of 10% in 2020, with an estimated annual increase
of 8%. In Indonesia, the incidence reached 19.3% in 2021,
affecting 713783 individuals, with 0.42% (67977 individu-
als) recorded in East Java.? Patients with end-stage renal dis-
ease (ESRD) who undergo hemodialysis frequently experience
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uremic symptoms, including dysgeusia, ageusia, and xerosto-
mia.® These manifestations arise from metabolic disturbances,
salivary urea accumulation, and mucosal inflammation. The
duration of hemodialysis has been associated with the occur-
rence of oral lesions,* whereas diminished taste perception has
been linked to altered concentrations of urea, dimethylamine,
trimethylamine, and zinc.®

Dysgeusia in ESRD commonly co-occurs with ageusia and
hypogeusia,® and taste dysfunction in hemodialysis patients
may result from xerostomia, tongue coating, mucosal inflam-
mation, and oral ulceration.” Olfactory impairment is also
prevalent in ESRD. Studies indicate that anosmia and other
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olfactory disorders correlate with disease severity among
patients receiving hemodialysis.® Uremic toxins are thought
to impair olfactory epithelial regeneration, thereby reducing
olfactory capacity.® As olfaction contributes substantially to
flavor perception, olfactory loss can lead to anorexia, reduced
dietary intake, and malnutrition; the key predictors of morbid-
ity and mortality in CKD."® These consequences underscore
the importance of assessing taste and smell dysfunction in
patients with ESRD.

Beyond the hemodialysis population, however, taste and smell
dysfunctions are also widely reported in post-viral illnesses,
sinonasal disease, neurological and psychiatric conditions,
and even among otherwise healthy adults. Post-viral disor-
ders, particularly post-COVID-19, show high rates of chemo-
sensory impairment, with meta-analyses reporting anosmia in
40%-50% and dysgeusia in 30%-45% of affected individu-
als." Similar dysfunctions occur in chronic rhinosinusitis, where
inflammation and obstructed airflow alter olfactory signal-
ing.’? Neurological conditions such as Parkinson's disease and
Alzheimer's disease also exhibit early and clinically significant
taste and smell decline, supported by psychophysical testing
demonstrating reduced odor identification and elevated taste
thresholds.'®™ Psychiatric disorders, including major depres-
sion and schizophrenia, have been associated with impaired
chemosensory processing related to neurotransmitter dysreg-
ulation and altered sensory integration.'® Even in community-
living healthy adults, national surveys such as NHANES show
that up to 20%-25% report smell or taste disturbances, influ-
enced by age, xerostomia, sinonasal symptoms, and comorbid
conditions.’® In addition to uremic and metabolic mechanisms,
emerging literature has shown that variant-specific effects of
SARS-CoV-2—particularly the Omicron strain—continue to
produce clinically significant olfactory dysfunction, whereas
antibody persistence up to 8 months post-infection confirms
that viral-related chemosensory alterations may extend well
beyond the acute phase.'”'® Therefore, these findings under-
score the need for validated screening instruments capable of
identifying taste and smell dysfunction across diverse clinical
and nonclinical populations.

The Taste and Smell Dysfunction Questionnaire (TSDQ) is
one such instrument. The original TSDQ was developed as a

Main Points

The Indonesian version of the Taste and Smell Dysfunction
Questionnaire (TSDQ) is a valid and reliable tool for detecting
dysgeusia and anosmia, particularly in patients undergoing
hemodialysis.

The overall diagnostic accuracy was 85.1% for dysgeusia and
90.0% for anosmia, indicating the TSDQ effectively identi-
fies patients with these sensory dysfunctions.

The TSDQ represents a cost-effective and practical alterna-
tive to the gold standard Taste Strip Test (TST) and University
of Pennsylvania Smell Identification Test (UPSIT), which are
less feasible in Indonesia due to high costs.

The study supports the use of the Indonesian TSDQ for rou-
tine screening of taste and smell disorders in hemodialysis
populations where resource limitations restrict access to
gold standard assessments.
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self-reported measure to evaluate chemosensory dysfunction
in both clinical and nonclinical groups. Its initial development
and validation demonstrated strong psychometric properties,
including high internal consistency, satisfactory test-retest
reliability, and good discriminative ability between individuals
with and without taste or smell impairment.’ Gold-standard
assessments such as the Taste Strip Test (TST) and the
University of Pennsylvania Smell Identification Test (UPSIT)
achieve high sensitivity and specificity (85%-95%) for detect-
ing dysgeusia and anosmia.?°?' However, their use in Indonesia
is constrained by financial and logistical limitations. The TSDQ,
being brief, inexpensive, and easy to administer, represents a
practical alternative for screening taste and smell dysfunction.
Its potential use in Indonesia is particularly relevant for hemo-
dialysis patients while also remaining applicable to broader
populations.

Material and Methods

Study Design

This cross-sectional diagnostic accuracy study followed inter-
national reporting guidelines such as STARD (Figure 1) to assess
the sensitivity, specificity, positive predictive value (PPV), neg-
ative predictive value (NPV), and overall accuracy of the TSDQ
instrument in comparison to the TST and UPSIT, which served
as gold standards. The determination of the Receiver Operating
Characteristic (ROC) curve, Area Under the Curve (AUC), and
cut-off points was performed to construct a 2x2 contingency
table for the calculation of these values. The study population
included both patients with illness and healthy respondents,
facilitating statistical analyses to establish the normative limits
or cut-off points differentiating between the 2 groups.

Participants

The study involved 102 respondents diagnosed with CKD who
were undergoing hemodialysis at a private hospital in Malang
City, and 100 comparison respondents without CKD who were
selected from the same community area in Malang City. A pur-
posive sampling technique was utilized, enabling the selection
of subjects who met specific inclusion criteria until the required
sample size was attained. The inclusion criteria for respondents
with CKD included individuals diagnosed with end-stage CKD,
aged 18 years or older, who were fully conscious, cooperative,
and willing to provide informed consent. For the comparison
group, inclusion criteria involved individuals aged 18 years or
older who exhibited psychological and physiological stability
and had no history of CKD or other chronic medical conditions.
Exclusion criteria for respondents with CKD included diagno-
ses other than CKD and conditions that impaired participation,
such as unconsciousness, severe weakness, or uncooperative
behavior. For healthy respondents, exclusions included any his-
tory of taste or smell impairment, recent flu-like symptoms, and
unwillingness to participate. Individuals with rhinosinusitis were
excluded due to its established effects on chemosensory func-
tion. Psychiatric or neurological disorders (e.g., major depression,
schizophrenia, Parkinson's disease, or stroke) were also excluded
because of their potential influence on olfactory and gustatory
performance. To minimize confounding from post-COVID-19
olfactory dysfunction, participants with a history of COVID-19
related smell or taste disturbances were not eligible for inclu-
sion to ensure that chemosensory impairments measured in the
study were not attributable to post-infectious sequelae.
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Potentially eligible participants
The collected samples were 110 HD
respondents and 100 healthy respondents.
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Figure 1. STARD diagram.

Validity and Reliability

The adaptation of the TSDQ into the Indonesian version fol-
lowed a rigorous translation and validation procedure. The pro-
cess began with forward translation from Turkish to Indonesian
by 2 bilingual experts, followed by backward translation to
ensure semantic equivalence. An expert panel consisting of spe-
cialists in otorhinolaryngology and nursing reviewed and recon-
ciled discrepancies to produce the final Indonesian version. The
questionnaire's content validity was confirmed through expert
agreement, and the readability test demonstrated that all items
were clearly understood by respondents. Psychometric testing
yielded satisfactory results, with all items showing significant
item—total correlations (P < .05) and a Cronbach’s a of 0.902,
indicating excellent internal consistency. These steps ensured
that the Indonesian TSDQ was culturally appropriate, valid, and
reliable before further diagnostic accuracy testing.

Testing Method

Data were collected from respondents at the Hemodialysis
Unit of the participating hospital and at the community data
collection site from August 5 to September 28, 2024. Before
the diagnostic procedures, the researcher explained the study
purpose, obtained informed consent, established a time con-
tract, and recorded demographic data including age, gender,
and duration of hemodialysis. The cut-off point used to dis-
tinguish normal from impaired chemosensory function was
determined using healthy respondents; however, because vali-
dated Indonesian normative thresholds for the TST and UPSIT
are unavailable, the study adopted internationally established
cutoffs based on published normative data. Specifically, a
TST score of < 9 was applied to indicate dysgeusia following
the original validation and subsequent studies,?> whereas a
UPSIT score of < 18 was used to classify anosmia according to

widely accepted percentile-based categorizations.?' Following
completion of the TSDQ questionnaire (3-5 minutes), the
TST was administered, with respondents instructed to rinse
their tongues with water prior to testing to avoid influenc-
ing the subsequent UPSIT assessment. The UPSIT was then
conducted, with each test (TST and UPSIT) requiring approxi-
mately 5-10 minutes. All results were documented, and data
from the TSDQ, TST, and UPSIT were tabulated according to
their respective score categories. For the TSDQ, the diagno-
ses were based on domain-specific subscale scores, with the
taste subscale (0-11) used to identify dysgeusia and the smell
subscale (0-5) used to identify anosmia, rather than relying on
a global score.

Statistical Analysis

Receiver operating characteristic curve analysis and AUC were
performed using IBM SPSS Statistics for Windows, Version
27.0 (IBM Corp., Armonk, NY, USA). Sensitivity, specificity, PPV,
NPV, and overall diagnostic accuracy were calculated from 2x2
contingency tables using standard diagnostic test formulas.
Internal validation was conducted using nonparametric boot-
strapping with 1000 resamples.

Informed Consent

The purpose of the study was communicated verbally to
patients undergoing hemodialysis, and written informed con-
sent was obtained from the respondents. Permission was also
secured via email from the original author who developed the
TSDQ, after which the author adapted the Indonesian version.

Ethics Committee Approval

This study received approval from the Health Research Ethics
Commission of the Universitas Brawijaya (approval no: 11588/
UN10.F17.10.4/TU/2024, date: 29.7.2024).
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Results

Characteristics of Respondents with Chronic Kidney
Disease and Healthy Individuals

Significant differences in baseline characteristics were
observed between CKD patients and healthy controls.
Participants with CKD were older, more likely to be male,
unemployed, and had a higher prevalence of smoking (all P
< .001). Comorbidities were present exclusively in the CKD
group, whereas education level did not differ significantly
between groups. As expected, only patients with CKD had a
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history of hemodialysis treatment (P < .001). Group differ-
ences in baseline characteristics between CKD and healthy
participants were analyzed using chi-square or Fisher's exact
tests as appropriate. The resulting P-values are reported
in Table 1. Significant differences in age, sex, employment
status, smoking history, and comorbidities were observed
between patients with CKD and healthy controls. Because
these factors are known to influence olfactory and gustatory
function, they may act as potential confounders and should
be considered when interpreting the diagnostic performance
of the TSDQ in this study.

Table 1. Characteristics of Chronic Kidney Disease Respondents and Healthy People

CKD Healthy
Respondent Characteristics Category N f (%) N f (%) P-value
Age 18-35 years old 17 16.7 73 73 <.001
36-55 years 44 431 27 27
> 56 years 41 40.2 0 0
Total 102 100 100 100
Sex Male 53 51.9 21 21 <.001
Female 49 4841 79 79
Total 102 100 100 100
Education Elementary school 26 255 0 0 363
Junior high school 17 16.7 24 24
Senior high school 29 28.4 33 33
Higher education 30 294 43 43
Total 102 100 100 100
Jobs Not working 55 54.0 20 20 <.001
Civil servant 0 0 7 7
Employed 20 19.6 45 45
Self-employed 13 12.7 28 28
Retired 14 13.7 0 0
Total 102 100 100 100
Smoking History No smoker 58 56.9 89 89 <.001
Smoker 44 431 11 11
Total 102 100 100 100
Comorbidities None 17 16.7 100 100 <.001
Hypertension 38 37.2 0 0
Diabetes mellitus 11 10.8 0 0
Hypertension + diabetes 32 31.4 0 0
Cancer 4 3.9 0 0
Total 102 100 100 100
Length of HD <1year 18 17.6 0 0 <.001
1-10 years 67 65.7 0 0
>10 years 17 16.7 0 0
Total 102 100 0 0

CKD, chronic kidney disease; HD, hemodialysis.
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Figure 2. Receiver operating characteristic (ROC) graph of dysgeusia
score (N=202).

Diagnostic Analysis of Taste and Smell Dysfunction
Questionnaire

The total score of the TSDQ instrument used for assessing
dysgeusia and anosmia was analyzed through the ROC curve
to determine the cutoff point values, which are illustrated in
the accompanying graph.

The ROC graph (Figure 2) illustrating the dysgeusia score
revealed an AUC value of 0.881 (95% CI: 0.831-0.931), with a
significance level of P <.000. The sensitivity and specificity cut-
off point values (Figure 3) were determined to be at a score of
5.00. This indicates that among respondents with a taste disor-
der, a total score of < 5 on the dysgeusia assessment utilizing
the TSDQ is indicative of the presence of the condition.

Putri et al. Diagnostic Test of TSDQ in Hemodialysis Patients

The ROC graph (Figure 4) of the anosmia score indicates that
the AUC value is 0.897 (K 95%; 0.847-0.947), P < .000. The
optimal cut-off point for sensitivity and specificity, as depicted
in Figure 5, is established at a score of 3.00. This finding implies
that a total score of the anosmia examination utilizing the
TSDQ of <3 suggests the presence of an olfactory disorder in
the respondent. The results of the diagnostic test analysis for
the TSDQ, with the TST and UPSIT serving as the gold stan-
dards for assessing dysgeusia and anosmia, are illustrated in
the following 2x2 contingency table.

The results of the TSDQ cross-tabulation for detecting dys-
geusia and anosmia (Table 2) are as follows: True Positives (TP)
included 79 respondents with dysgeusia and 58 respondents
with anosmia. True Negatives (TN) indicated that 93 subjects
were classified as normal for dysgeusia, whereas 124 respon-
dents were classified as normal for anosmia. False Positives
(FP) included 16 respondents who were identified as having
dysgeusia according to the TSDQ but were deemed normal
according to the TST; similarly, 13 respondents were identi-
fied as having anosmia according to the TSDQ but were clas-
sified as normal according to the UPSIT. False Negatives (FN)
included 14 respondents with dysgeusia and 7 respondents
with anosmia according to the UPSIT. The sensitivity, specific-
ity, PPV, NPV, and accuracy of the TSDQ are presented in the
subsequent diagnostic test calculation results.

Using the contingency data shown in Table 2 (dysgeusia:
TP=79, FP=16, FN=14, TN=93; anosmia: TP=58, FP=13,
FN=7, TN=124), the authors applied nonparametric boot-
strapping (1000 resamples of the 202 participant records) to
obtain internal bootstrap estimates and 95% percentile confi-
dence intervals for diagnostic indices. For dysgeusia (Table 3),
the TSDQ showed sensitivity 84.9% (bootstrap mean 85.1%;
95% bootstrap Cl: 77.4%-91.8%), specificity 85.3% (boot-
strap mean 85.2%; 95% Cl: 78.2%-91.2%), PPV 83.1%
(bootstrap mean 83.0%; 95% Cl: 75.5%-90.1%), NPV 86.9%
(bootstrap mean 87.0%; 95% Cl: 79.4%-92.9%), and accu-
racy 85.1% (bootstrap mean 85.1%; 95% Cl: 83.1%-86.9%).
For anosmia (Table 4), the TSDQ had sensitivity 89.2% (boot-
strap mean 89.4%; 95% Cl: 80.1%-94.4%), specificity 90.5%
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Figure 3. Dysgeusia cut-off point (N=202).
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Figure 4. Receiver operating characteristic (ROC) graph of anosmia
score (N=202).

(bootstrap mean 90.4%; 95% Cl: 85.0%-95.0%), PPV 81.6%
(bootstrap mean 81.4%; 95% Cl: 72.2%-89.9%), NPV 94.6%
(bootstrap mean 94.6%; 95% Cl: 90.1%-98.4%), and accu-
racy 90.0% (bootstrap mean 90.0%; 95% CI: 85.6%-94.1%).

The diagnostic value of the TSDQ, as outlined in Table 5, exhib-
ited sensitivities of 84.9% (95% Cl: 76.9%-90.6%) and 89.2%
(95% Cl: 79.9%-94.4%), indicating a strong clinical capability to
accurately identify dysgeusia and anosmia. The specificity values
were observed at 85.3% (95% Cl: 77.5%-90.7%) and 90.5%
(95% Cl: 84.3%-94.5%), reflecting a similarly robust clinical abil-
ity to correctly classify patients who do not present symptoms of
dysgeusia and anosmia as normal. The positive predictive value

B-ENT 2026; 22: 1-9

was recorded at 83.1% (95% Cl: 74.8%-89.0%), demonstrating
areliable capacity to predict the likelihood of dysgeusia, whereas
the positive predictive value for confirmed cases of anosmia
was 81.6% (95% Cl: 71.7%-88.6%). Additionally, the negative
predictive value was noted at 86.9% (95% ClI: 79.7%-91.7%),
underscoring the instrument's reliability in identifying individu-
als without dysgeusia, and 94.6% (95% CI: 89.6%-97.3%) for
those without anosmia. The overall accuracy of the TSDQ was
determined to be 85.1% (95% CI: 80.0%-89.2%) and 90.0%
(95% CI: 85.1%-93.4%), emphasizing its precision in evaluating
the presence or absence of symptoms related to dysgeusia and
anosmia within the entire tested population.

Discussion

Based on the study findings, several demographic and clinical
factors were associated with variations in chemosensory func-
tion between patients undergoing hemodialysis and healthy
respondents. Patients undergoing hemodialysis were generally
older, male, unemployed, and more likely to smoke—factors
associated with reduced olfactory and gustatory function due
to physiological decline, lifestyle influences, and comorbidities
such as hypertension and diabetes, which may impair renal vas-
culature and sensory pathways.?*2* In contrast, healthy respon-
dents were predominantly younger, female, non-smokers,
and college-educated, characteristics associated with better
sensory performance and greater health awareness. Previous
research indicates that women tend to demonstrate stronger
smell and taste detection abilities, and higher education may
enhance awareness and reporting of sensory symptoms such
as dysgeusia and anosmia.?®>26 Additionally, longer duration of
hemodialysis (1-10 years) was associated with increased che-
mosensory impairment, with up to 30% of patients reporting
dysgeusia, suggesting that prolonged treatment may contrib-
ute to sensory decline and potentially affect nutritional status
and quality of life.?”:28

The AUC value serves as an important indicator of a screen-
ing instrument’s ability to discriminate between normal and
abnormal conditions when compared with reference stan-
dards. The AUC values obtained in this study indicate good
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Figure 5. Anosmia cut-off point (n=202).
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Table 2. Cross-Tabulation of Dysgeusia and Anosmia Scores of Chronic Kidney Disease Patients and Healthy People

(N=202)
University of Pennsylvania Smell
Taste Strip Test (TST) Identification Test (UPSIT)
Dysgeusia (< 9) Normal (>9) Total Anosmia (<18) Normal (>18) Total
Taste and Dysgeusia 79 16 95 Anosmia 58 13 71
Smell (<5) (=3)
Dysfunction o 1a) 14 93 107 Normal 7 124 131
Questionnaire
(>5) (>3)
(TSDQ)
Total 93 109 202 Total 65 137 202

TSDQ, Taste and Smell Dysfunction Questionnaire; TST, Taste Strip Test; UPSIT, University of Pennsylvania Smell Identification Test.

discriminatory performance of the TSDQ in identifying dys-
geusia and anosmia relative to TST and UPSIT results. Although
the confidence intervals were relatively broad, the statistically
significant P-value (P < .001) supports the robustness of the
discriminatory ability observed. Receiver operating character-
istic analysis was used to determine optimal cut-off scores for
identifying abnormal taste and smell function based on ref-
erence test classifications. The resulting cut-off points were
consistent with those reported in the original Turkish version
of the TSDQ, supporting the structural stability of the instru-
ment across linguistic adaptations.?®

Internal validation using nonparametric bootstrapping with
1000 resamples was conducted to obtain more stable esti-
mates of diagnostic indices and to minimize potential opti-
mism bias from deriving and testing cut-offs within the same
dataset. The bootstrap confidence intervals for sensitivity,
specificity, PPV, NPV, and overall accuracy were relatively nar-
row, indicating reasonable stability under repeated sampling.
For anosmia, the bootstrap 95% confidence intervals ranged
from approximately 80.1% to 94.4% for sensitivity and 85.0%
to 95.0% for specificity. For dysgeusia, sensitivity ranged from
approximately 77.4% to 91.8%, and specificity from 78.2% to
91.2%. These findings support the consistency of the TSDQ's
screening performance relative to reference testing.

The sensitivity analysis indicates that the TSDQ demonstrates
a strong ability to correctly identify individuals classified as

having dysgeusia or anosmia according to TST and UPSIT
results. High sensitivity in a screening context is particularly
important to reduce FN findings and facilitate early identifica-
tion of patients who may require further diagnostic confirma-
tion or intervention.® In this study, TST and UPSIT were used
as reference standards for classifying taste and smell dysfunc-
tion. Therefore, the sensitivity values of the TSDQ should be
interpreted as its ability to detect cases identified by these
reference methods, rather than as a direct comparison of diag-
nostic performance.

Specificity reflects the ability of a screening tool to correctly
identify individuals without the condition as defined by ref-
erence testing.®' The specificity values observed in this study
indicate that the TSDQ is capable of appropriately classifying
individuals who do not exhibit dysgeusia or anosmia based on
TST and UPSIT criteria. These findings support its potential
utility as a screening instrument for distinguishing between
individuals likely to have or not have chemosensory dysfunc-
tion prior to confirmatory testing.

The positive and negative predictive values observed in this
study further support the clinical applicability of the TSDQ as a
screening tool within the studied population. As predictive val-
ues are influenced by disease prevalence, these findings should
be interpreted in the context of the hemodialysis population
examined.®? The high negative predictive value suggests that
individuals with negative TSDQ results are unlikely to have

Table 3. Bootstrapped Internal Validation of the Taste and
Smell Dysfunction Questionnaire for Dysgeusia (N=202;
1000 bootstrap resamples)

Table 4. Bootstrapped Internal Validation of the Taste and
Smell Dysfunction Questionnaire for Anosmia (N=202;
1000 bootstrap resamples)

Point Bootstrap 95% Point Bootstrap 95%
Estimate Mean Bootstrap ClI Estimate Mean Bootstrap Cl
(from2x2 (n=1000) (percentile) (from2x2 (n=1000) (percentile)
Diagnostic Metric table) (%) (%) (%) Diagnostic Metric  table) (%) (%) (%)
Sensitivity 84.9 85.1 77.4-91.8 Sensitivity 89.2 89.4 80.1-94.4
Specificity 85.3 85.2 78.2-91.2 Specificity 90.5 90.4 84.96-95.04
Positive Predictive 83.1 83.0 75.5-90.1 Positive Predictive 81.6 81.4 72.2-89.9
Value Value
Negative Predictive 86.9 87.0 79.4-92.9 Negative Predictive 94.6 94.6 90.1-98.4
Value Value
Accuracy 851 851 83.1-86.9 Accuracy 90.0 90.0 85.6-94 1

Cl, confidence interval.

Cl, confidence interval.
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Table 5. Summary of Bootstrap-Corrected Diagnostic
Performance for Taste and Smell Dysfunction Questionnaire

Taste and Smell Dysfunction

Questionnaire (TSDQ)
Diagnostic Metric Dysgeusia (%) Anosmia (%)
Sensitivity 84.9 89.2
Specificity 85.3 90.5
Positive Prediction Value 83.1 81.6
Negative Prediction Value 86.9 94.6
Accuracy 85.1 90.0

NPV, negative predictive value; PPV, positive predictive value; TSDQ, Taste and
Smell Dysfunction Questionnaire.

dysgeusia or anosmia as determined by reference testing. This
characteristic is particularly valuable in screening settings,
where the goal is to efficiently identify individuals who may not
require additional diagnostic procedures.

Accuracy reflects the proportion of correctly classified
cases relative to reference standards.®>® The overall accuracy
observed in this study indicates that the TSDQ demonstrates
good agreement with TST and UPSIT classifications within this
sample. However, it is important to emphasize that the TSDQ
is designed as a screening questionnaire and does not replace
objective sensory testing. Rather, it may serve as an acces-
sible and cost-effective preliminary assessment tool to iden-
tify individuals who would benefit from further confirmatory
evaluation using established reference methods.

Conclusion

The Bahasa Indonesia version of the TSDQ demonstrated good
screening performance in identifying dysgeusia and anosmia
when evaluated against reference standards (TST and UPSIT)
among patients undergoing hemodialysis. The instrument
showed high sensitivity and specificity in detecting cases clas-
sified by reference testing, along with favorable predictive val-
ues and overall accuracy within this study population. These
findings suggest that the TSDQ may serve as a practical and
clinically useful screening tool for the early identification of
taste and smell dysfunction in hemodialysis patients. However,
as a questionnaire-based instrument, it should be used as a
preliminary assessment method and not as a replacement for
objective reference testing. Further external validation studies
in broader populations are recommended to confirm its gener-
alizability and strengthen its clinical applicability.

Limitations

This study did not account for potential confounders includ-
ing age, smoking status, and comorbidities which are known to
influence taste and smell function. The absence of multivari-
able adjustment (e.g., logistic regression or stratified analysis)
may have introduced residual confounding. Future research
should incorporate adjusted analyses to provide a more com-
prehensive understanding of the relationship between test
performance and participant characteristics. While the TSDQ
demonstrated favorable diagnostic performance in distin-
guishing olfactory impairment, these estimates may be slightly
elevated due to the inclusion of healthy respondents in the
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ROC analysis. Further studies conducted exclusively among
hemodialysis patients are warranted to validate its accuracy in
routine clinical use. An important methodological limitation of
this study is that the ROC cut-off values were derived from
the same dataset used for diagnostic validation. This approach
may lead to overfitting and inflated performance estimates, as
commonly noted in diagnostic test development. While inter-
nal bootstrap validation reduced this bias, external validation
using an independent sample is recommended to confirm the
stability and generalizability of the TSDQ diagnostic thresh-
olds. Future studies should employ split-sample validation,
cross-validation, or multicenter external validation to more rig-
orously assess the diagnostic performance of the TSDQ.
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