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The global increase in obesity emphasizes the importance of
effective treatment strategies, including pharmacological therapy
[1]. Anti-obesity medications (AOMs), such as glucagon-like
peptide-1 (GLP-1) receptor agonists (liraglutide, semaglutide),
support weight reduction by modulating appetite and energy in-
take [2]. Olfaction, which influences appetite and energy balance,
is frequently altered in obesity [3,4]. Although weight loss may
affect olfactory function, findings across studies are inconsistent
[5,6]. For example, GLP-1 receptor agonist therapy has been re-
ported to improve olfactory test scores, enhance brain activation
in response to olfactory stimuli (right parahippocampus), and
increase olfactory-evoked neural activation (left hippocampus)
[6,7]. Given the complexity of olfactory processing and the ab-
sence of standardized testing protocols, comprehensive evalua-
tion using both subjective and validated objective tools is re-
quired [8-10]. Accordingly, this study aimed to evaluate olfacto-
ry function in patients undergoing AOM therapy and to identify
related clinical characteristics.

The study protocol was approved by the Institutional Review
Board of Chung-Ang University Hospital (Seoul, Korea; No. 2404-
013-598). Participants were recruited from a tertiary hospital
outpatient clinic between July 2024 and April 2025. Individuals
aged =19 years who received a full explanation of the study and
provided written informed consent were enrolled. Exclusion cri-
teria were as follows: (1) pregnant or lactating women; (2) indi-
viduals with impaired judgment due to cognitive impairment,
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such as dementia; (3) individuals with systemic health condi-
tions considered unsuitable for medical obesity treatment; (4)
individuals with symptoms of rhinitis or sinusitis previously di-
agnosed as allergic rhinitis or chronic rhinosinusitis; and (5) in-
dividuals presenting with nasal symptoms (e.g., nasal obstruc-
tion, rhinorrhea) or with abnormal findings on sinus endoscopy.

Anthropometric and laboratory assessments were performed
at baseline. Subjective chemosensory symptoms were evaluated
using the Questionnaire of Olfactory Disorders (QOD), which
included items on general chemosensory discomfort and paros-
mia. Subjective olfactory discomfort and parosmia were defined
as affirmative responses to the corresponding QOD items [11].
Objective olfaction was measured with the Yonsei Olfactory Func-
tion Test (YOF) (RHICO Medical Co.), with hyposmia defined as
a Threshold-Discrimination-Identification (TDI) score <21 [12].
Gustatory function was assessed using a gustatory function test
with validated taste solutions developed for the Korean popula-
tion [13].

Participants received one or more of the currently approved
AOMs (phentermine/topiramate, naltrexone/bupropion, liraglu-
tide, semaglutide, and orlistat) for at least 24 weeks. Medications
could be prescribed in combination at the physician’s discretion
based on the patient’s baseline condition. Phentermine/topira-
mate combines a sympathomimetic amine and an anticonvul-
sant [14], whereas naltrexone/bupropion combines an opioid
receptor antagonist and an aminoketone antidepressant, both of
which contribute to appetite suppression [15]. Liraglutide and
semaglutide are GLP-1 receptor agonists that delay gastric emp-
tying and enhance insulin secretion, thereby producing weight-
reducing effects [16]. Orlistat, a gastric and pancreatic lipase in-
hibitor, facilitates the physical excretion of dietary fat [17]. The
distribution of participants according to AOM type was: phen-
termine/topiramate (n=62), naltrexone/bupropion (n=3), lira-
glutide (n=3), semaglutide (n=6), and orlistat (n=79). Statistical
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analyses included the #-test, chi-square test, and multivariate lin-
ear regression, conducted using R version 4.5.1 (R Foundation).
Forest plots were used to visualize the results.

Seventy participants were included in the current analyses
(Supplementary Fig. 1). The hyposmia group had a significantly
higher body mass index (BMI) (P=0.042) and high-sensitivity
C-reactive protein levels (P=0.017) (Table 1). Multiple linear re-
gression analysis demonstrated that younger age (P<0.001),
lower BMI (P=0.005), higher body fat percentage (P=0.001),
and higher basal metabolic rate (P=0.004) were factors signifi-
cantly associated with higher TDI scores. In contrast, elevated
white blood cell count (P=0.046) and alanine aminotransferase
(ALT) (P=0.018) levels were factors significantly associated with
lower TDI scores (Fig. 1).

With respect to subjective olfactory dysfunction, 36 participants
reported normal function and 34 reported subjective discom-
fort. Only age significantly differed between the groups, with the
abnormal group being older than the normal group (P=0.028)
(Supplementary Table 1). Multiple linear regression analysis re-
vealed that higher BMI (P=0.004) and elevated ALT levels (P=
0.012) were significantly associated with lower visual analog
scale (VAS) scores, indicating less perceived olfactory dysfunc-
tion. Conversely, greater waist circumference (P=0.013), higher
thyroid-stimulating hormone (P=0.007), and the presence of
parosmia (P=0.012) were significantly associated with higher
VAS scores (Supplementary Fig. 2).

Regarding parosmia symptoms, 50 of the 70 participants
(71.4%) reported experiencing parosmia. Participants with par-
osmia showed significantly lower olfactory threshold scores than
those without parosmia (P=0.016), suggesting reduced olfactory
sensitivity (Supplementary Table 2). Additionally, low-density li-
poprotein (LDL) cholesterol levels were significantly lower in
the parosmia group (P=0.036). Multiple linear regression analy-
sis showed that higher BMI (P=0.012), basal metabolic rate (P=
0.031), and sum VAS score (P=0.020) were factors significantly
associated with higher parosmia scores, indicating more severe
parosmia. In contrast, higher body weight (P=0.019), skeletal
muscle mass (P=0.045), and uric acid levels (P=0.036) were as-
sociated with lower parosmia scores (Supplementary Fig. 3).

In this study, 7% of participants were diagnosed with hypos-
mia based on the YOF, whereas 48.6% reported subjective ol-
factory disturbances and 71.4% reported experiencing paros-
mia. These findings highlight the importance of the assessment
method used to evaluate olfactory function. Because different
methodologies can produce divergent results, they should be
carefully considered when interpreting olfactory function in both
clinical and research contexts.

The YOF results indicated that BMI was the only factor consis-
tently associated with both hyposmia diagnosis and TDI score.
Interestingly, higher body fat mass was significantly associated
with better olfactory function, as reflected by higher TDI scores.
Few previous studies have directly compared BMI and body fat

Table 1. Characteristics of participants in the hyposmia and normos-
mia groups based on the YOF test

Variable Hy(E(isgla N(Z:T;%S;“a P-value
Age (yr) 46.60+15.82 41.25+1050  0.293
Sex 0.290
Male 2 (40) 13(20)
Female 3 (60) 52 (80)
Non-smoker 5(100) 61(93.85) 1.000
Anthropometry
Height (cm) 158.76+10.53  163.30+7.77 0.223
Weight (kg) 89.64+19.24 80.29+£19.99 0316
Body mass index (kg/m?) 35.36+5.47 29.89+5.70 0.042
Skeletal muscle (kg) 29.54+9.17 27.05£6.30 0.412
Body fat percent (%) 41.58+6.17 38.10+£6.28 0.236
Basal metabolic rate (kcal) 1,506.00+£310.92 1,430.58+225.81 0.485
Waist circumference (cm)  107.68+11.61 97.09+£14.63  0.120
YOF test
Threshold 2.80+0.91 4.02+1.01 0.011
Discrimination 6.80+£1.30 9.14+1.27  <0.001
Identification 10.80£1.30 11.72£0.52 0.001
TDI 20.40£0.82 24.88+158 <0.001
QOD test
Discomfort (yes:no) 41 32:33 0.358
Parosmia score 20.00£19.18 20.51£19.88  0.956
Chemical taste test
Taste threshold 5.20+0.45 5544056 0.193
Taste identification 16.00£2.55 18.20+3.27 0.147
Laboratory test
WBC (X 10°%/L) 7.46+2.31 6.72+1.91 0.408
hs-CRP (mg/L) 7.22+£10.12 2.68+3.26 0.017
Fasting glucose (mg/dL) 100.20+10.71  105.95+27.61  0.647
Uric acid (mg/dL) 6.48£2.10 5.15+1.46 0.062
AST (IU/L) 33.20£26.75 29.03+28.16  0.750
ALT (IUL) 53.40+58.13 32.26+26.87  0.129
Insulin (mU/L) 42.42+62.24 145143457  0.107
Total cholesterol (mg/dL) 190.40+48.64 208.72+37.01  0.300
Triglyceride (mg/dL) 155.80+113.19 120.12£69.01  0.292
HDL cholesterol (mg/dL) 48.20+£12.46 56.32+14.26  0.221
LDL cholesterol (mg/dL) 101.20+£3256 121.06£35.12  0.225
Cortisol (pg/dL) 6.44£4.69 9.14£297 0.064
Free T4 (ng/dL) 1.40+0.24 1.28+0.17 0.120
TSH (plU/mL) 241£1.26 2.49+1.51 0913

Values are presented as mean +standard deviation or number (%).

YOF, Yonsei Olfactory Function Test; TDI, threshold discrimination identifi-
cation; QOD, Questionnaire of Olfactory Disorders; WBC, white blood cell;
hs-CRP, high-sensitivity C-reactive protein; AST, aspartate aminotransfer-
ase; ALT, alanine aminotransferase; HDL, high-density lipoprotein; LDL,
low-density lipoprotein; Free T4, free thyroxine; TSH, thyroid-stimulating
hormone.

mass with objectively measured olfactory function or hyposmia.
As demonstrated in this study, BMI and body fat may exert dif-
ferent health effects [18]. Further research is therefore needed to
clarify their distinct roles in olfactory function and dysfunction.
The factors associated with YOF outcomes and those associat-
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Fig. 1. Forest plot illustrating the associations between clinical variables and Threshold-Discrimination-ldentification scores. WBC, white blood
cell; hs-CRP, high-sensitivity C-reactive protein; ALT, alanine aminotransferase; AST, aspartate aminotransferase.

ed with the sum of VAS scores did not fully overlap. Notably,
higher BMI was associated with hyposmia diagnosis and lower
TDI scores, yet it showed an inverse correlation with sum VAS
scores. This suggests that BMI influences subjective olfactory dis-
comfort and objective TDI scores in opposite directions. Such
divergence underscores the importance of incorporating cultur-
ally validated subjective olfactory assessment tools, such as the
QOD, when evaluating olfactory function in patients with obesi-
ty. Previous studies have reported associations between BMI
and both objective and subjective measures of olfactory func-
tion. For example, BMI has been negatively correlated with TDI
scores in patients with obesity compared to normal-weight con-
trols [13], and a meta-analysis demonstrated that increasing BMI
was linked to reduced olfactory threshold sensitivity [5]. How-
ever, studies in adolescents have shown that higher BMI may be
associated with greater olfactory sensitivity, suggesting possible
differences related to age or developmental stage [19]. In addi-
tion, one study reported that patients with subjective olfactory
dysfunction had higher BMI values [20]. These findings indicate
that future prospective studies with larger cohorts are needed to
clarify the complex relationships between BMI, age, and olfac-
tory function.

We also found that LDL cholesterol was the only clinical fac-
tor significantly associated with parosmia. Cardiovascular dis-
ease history is known to be linked with a higher prevalence of
olfactory disorders [21,22], and LDL cholesterol plays a central
role in the development and progression of atherosclerosis. The
observed association between LDL cholesterol and parosmia
may partially explain the relationship between cardiovascular
disease and impaired olfactory function. Furthermore, a phar-
macovigilance study reported olfactory adverse events, includ-
ing parosmia, among neurological side effects related to GLP-1
receptor agonist use [23]. Since no objective olfactory function

test currently exists for specifically assessing parosmia, its re-
ported prevalence may be overestimated. Nonetheless, incorpo-
rating parosmia assessment, at least through subjective scoring,
may be essential when evaluating olfactory function in patients
with obesity.

This study has some limitations. First, the sample size was rel-
atively small, and only a few participants were diagnosed with
hyposmia. Larger, prospective studies with comprehensive olfac-
tory evaluation are needed to confirm these findings. Second,
this cohort included only patients receiving AOMs and lacked a
comparable control group. Consequently, the mechanisms un-
derlying the discrepancy between subjective and objective as-
sessments could not be determined. Finally, although we attempt-
ed to exclude other conditions that may influence olfaction, such
as chronic rhinosinusitis and allergic rhinitis, based on symptoms
and medical history, it is not possible to rule out all confounding
factors completely.

Despite these limitations, we identified clinical factors associ-
ated with different olfactory parameters and showed that these
factors may differ or even exert opposite associations depending
on the outcome measure. This novel finding underscores the com-
plexity of olfactory evaluation in this patient population.
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Supplementary Table 1. Participant characteristics according to subjective olfactory discomfort

Subjective nose

Variable P-value
Normal (n=36) Abnormal (n=34)
Age (yr) 38.86+10.55 44.56+10.62 0.028
Sex 0.647
Male 9 (25.00) 6(17.65)
Female 27 (75.00) 28 (82.35)
Non-smoker 33(91.67) 33(97.06) 1.000
Anthropometry
Height (cm) 164.01+7.53 161.89+8.42 0.272
Weight (kg) 82.38+22.33 79.45£17.29 0.543
Body mass index (kg/m?) 30.31+£6.02 30.25+5.69 0.964
Skeletal muscle (kg) 27.80£6.72 26.61£6.27 0.448
Body fat percent (%) 38.19+5.46 38.50+7.16 0.839
Basal metabolic rate (kcal) 1,455.25+240.37 1,415.56£222.03 0.476
Waist circumference (cm) 98.00+14.79 97.69+14.68 0.931
YOF test
Threshold 4.14+1.20 3.71+0.81 0.083
Discrimination 8.81£1.33 9.15+1.48 0.312
|dentification 11.67+£0.68 11.65+0.60 0.898
TDI 2461£2.14 24.50£1.71 0.811
QOD test
Parosmia 16.44+17.19 24.75+21.47 0.077
Olfactory function 0.358
Hyposmia 4 (11.11) 1(2.94)
Normosmia 32(88.89) 33(97.06)
Chemical taste test
Taste threshold 553+0.56 550+0.56 0.837
Taste identification 18.25+3.00 17.82+3.55 0.588
Laboratory test
WBC (X 10%L) 6.99+2.17 6.54+1.64 0.339
hs-CRP (mg/L) 3.86+5.28 2.08+2.13 0.074
Fasting glucose (mg/dL) 104.33+28.67 106.82+24.94 0.700
Uric acid (mg/dL) 541£1.51 5.08+1.57 0.373
AST (IU/L) 33.56+38.05 24.85+7.20 0.194
ALT (IU/L) 39.67+38.41 27.53+15.16 0.090
Insulin (mU/L) 16.55+31.37 16.44+43.05 0.990
Total cholesterol (mg/dL) 215.11+£36.21 199.26+38.31 0.080
Triglyceride (mg/dL) 128.89+76.58 116.09+68.27 0.464
HDL cholesterol (mg/dL) 56.28+14.21 55.18+14.41 0.749
LDL cholesterol (mg/dL) 126.28+33.84 112.62+35.55 0.104
Cortisol (pg/dL) 9.08+3.06 8.82+3.28 0.733
Free T4 (ng/dL) 1.31+£0.19 1.26+0.15 0.263
TSH (pIU/mL) 2.46+1.30 251+1.67 0.890

Values are presented as mean + standard deviation or number (%).

YOF, Yonsei Olfactory Function Test; TDI, threshold discrimination identification; QOD, Questionnaire of Olfactory Disorders test; WBC, white blood cell; hs-
CRP, high-sensitivity C-reactive protein; AST, aspartate aminotransferase; ALT, alanine aminotransferase; HDL, high-density lipoprotein; LDL, low-density li-
poprotein; Free T4, free thyroxine; TSH, thyroid stimulating hormone.
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Supplementary Table 2. Participant characteristics according to subjective parosmia presence

Variable Absence of parosmia (n=20) Presence of parosmia (n=50) P-value
Age (yr) 40.45+12.43 4210+10.31 0571
Sex 1.000
Male 4(20) 11(22)
Female 16 (80) 39 (78)
Non-smoker 19(95) 47 (94) 1.000
Anthropometry
Height (cm) 162.85+£7.68 163.03+£8.18 0.935
Weight (kg) 82.47+19.29 80.35+20.37 0.691
Body mass index (kg/m?) 30.89+5.62 30.04+5.93 0.583
Skeletal muscle (kg) 27.22+5.86 27.23+6.78 0.996
Body fat percent (%) 39.44+6.39 37.90+6.27 0.359
Basal metabolic rate (kcal) 1,435.05+208.48 1,436.34+241.20 0.983
Waist circumference (cm) 99.27+15.34 97.28+14.45 0.611
YOF test
Threshold 4.40+1.13 3.74+0.95 0.016
Discrimination 8.75+1.41 9.06+1.41 0.408
Identification 11.70£0.47 11.64+0.69 0.724
TDI 24.85+2.08 24.44+1.87 0.425
Olfactory function 1.000
Hyposmia 1(5) 4(8)
Normosmia 19 (95) 46 (92)
Subjective nose function 0.241
Normal 13 (65) 23 (46)
Abnormal 7 (35) 27 (54)
Chemical taste test
Taste threshold 5.70+£0.47 5.44+0.58 0.078
Taste identification 19.05+2.48 17.64+3.46 0.102
Laboratory test
WBC (X 10%L) 6.65+1.91 6.82+1.95 0.746
hs-CRP (mg/L) 3.61+3.62 2771437 0.451
Fasting glucose (mg/dL) 105.25+35.04 105.66+23.07 0.954
Uric acid (mg/dL) 5.58+1.44 5.12+1.57 0.265
AST (IU/L) 36.75+48.54 26.36+12.29 0.161
ALT (IU/L) 35.00+£32.70 33.28+£29.08 0.830
Insulin (mU/L) 21.77+55.85 14.39+26.94 0.458
Total cholesterol (mg/dL) 215.50+39.34 204.18+37.11 0.261
Triglyceride (mg/dL) 107.90+48.71 128.58+79.63 0.284
HDL cholesterol (mg/dL) 53.15+£13.30 56.78+14.56 0.338
LDL cholesterol (mg/dL) 133.50+£39.48 114.10+£31.96 0.036
Cortisol (ug/dL) 9.02+2.42 8.92+3.42 0.909
Free T4 (ng/dL) 1.26£0.18 1.30+£0.17 0.450
TSH (pIU/mL) 2.53+1.48 2.46+£1.50 0.870

YOF, Yonsei Olfactory Function Test; TDI, threshold discrimination identification; WBC, white blood cell; hs-CRP, high-sensitivity C-reactive protein; AST, as-
partate aminotransferase; ALT, alanine aminotransferase; HDL, high-density lipoprotein; LDL, low-density lipoprotein; Free T4, free thyroxine; TSH, thyroid
stimulating hormone.



