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Abstract

Chemosensory (gustatory and olfactory) dysfunction contributes to obesity, but the

association between body mass index (BMI) and chemosensory dysfunction are

inconsistently reported. The present study included 4,390 subjects at a Smell and

Taste Clinic. Results suggested that both the obesity class II group (BMI ≥ 35) and

underweight group (BMI < 18.5) exhibited impaired taste function compared with

the normal weight group (p < .05). Comparing with the other groups, the obesity class

II group exhibited a higher proportion of impaired bitter identification (8.6%), and the

underweight group showed a higher proportion of impaired salty identification

(7.9%). When investigating differences for individual tastes, subjects with impaired

bitter identification had higher BMI (t = 2.79, p = .005) and lower olfactory scores

(p < .05) compared with those with intact bitter identification. Finally, reduced taste

scores are associated with an increased BMI (r = �.04, p = .022). This correlation

becomes more pronounced with age (F = 1.42, p < .001).

Practical Application

The nonlinear association between chemosensory dysfunction and BMI suggested

that maintaining the gustatory and olfactory function is of significance for normal

metabolism. In obesity regulating bitter taste appears to be more important than the

other tastes.

1 | INTRODUCTION

Obesity, a clinical condition characterized by an increased body mass

index (BMI), becomes an important public health problem because of

its high prevalence in the population and their link with serious health

morbidities such as hypertension, type 2 diabetes, hypercholesterol-

emia, cardiovascular disease, and certain types of cancers (Tsai &

Bessesen, 2019). Obesity is fueled by individual factors, nutrition tran-

sition, and increasingly sedentary lifestyles that lead to an excessive

caloric intake. Among individual factors, chemosensory function (gus-

tation and olfaction) plays a significant role in food preferences,

choices, and thus, consumption (McCrickerd & Forde, 2016), but their

relationships are not yet fully understood.

Taste allows for identification and consumption of appetitive sub-

stances, and avoidance of potentially toxic and unpleasant compounds

(Gutierrez, Fonseca, & Simon, 2020). High taste acuity may reduce

dietary overconsumption and reduce the risk for obesity, while gusta-

tory dysfunction may lead to high calorie diet and obesity (Dotson,

Shaw, Mitchell, Munger, & Steinle, 2010). Previous studies suggested

that decreased taste sensitivity is related to increased BMI (Vignini

et al., 2019) and that individuals with obesity exhibited significant

change of taste preference (Hardikar, Hchenberger, Villringer, &
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Ohla, 2016; Pepino, Finkbeiner, Beauchamp, & Mennella, 2010) and a

higher electrogustometry threshold (Park et al., 2015). Interestingly,

underweight individuals were also associated with poor appetite and

low taste sensitivity to bitter taste (Fuchida et al., 2013). However,

previous evidence does not consistently support the notion that

obese individuals have altered taste sensitivity, or associates taste-

specific impairment with obesity (Ribeiro & Oliveira-Maia, 2021). This

inconsistency may result from their limited sample sizes and heteroge-

neity of taste assessments. In addition, it remains unclear what degree

of obesity may significantly affect the gustatory function.

Olfaction is known to play a major role in food choice, and olfac-

tory dysfunction is closely related to BMI changes (Peng, Coutts,

Wang, & Cakmak, 2019). Both weight gain and weight loss have been

reported as consequences of olfactory dysfunction (Aschenbrenner

et al., 2008; Aschenbrenner, Scholze, Joraschky, & Hummel, 2008).

Individuals with smell impairment repeatedly complain that food is

less enjoyable and flavorful, and that inability to perceive food-related

odors corrupts their eating and cooking habits (Croy, Nordin, &

Hummel, 2014). However, also the link between olfactory perception

and weight are inconsistent. While one study reported reduced odor

sensitivity and odor discrimination to be associated with higher BMI

(Simchen, Koebnick, Hoyer, Issanchou, & Zunft, 2006), another found

obese individuals to exhibit significant reduction in odor sensitivity

but not in odor discrimination or identification (Fernandez-Garcia

et al., 2017). Age may be one of the factors explaining these discrep-

ant findings. It has been demonstrated that for individuals younger

and older than 65 years, the associations of BMI and olfactory abilities

were different, suggesting age may have an interactive effect with

BMI on olfactory function (Simchen et al., 2006).

Collectively, BMI change may be associated with gustatory and

olfactory dysfunction, but the related clinical evidence is not consis-

tent. The present study aimed to explore the relationships between

chemosensory dysfunction and BMI in a large sample (n = 4,390) by

using taste spray and Sniffin' Sticks. Subjects were grouped by differ-

ent BMI degrees, and their gustatory and olfactory function was com-

pared. Additionally, the potential effect of age on the relationship

between chemosensory dysfunction and BMI were analyzed.

2 | EXPERIMENTAL

2.1 | Participants

Four thousand three hundred and ninety patients (2,564 women,

1,826 men) were included in this retrospective study, with an age

range from 18 to 95 years and a mean age of 56.6 years (SD 13.8). All

patients were seen in the Smell and Taste Clinic at the Department of

Otorhinolaryngology of the TU Dresden.

The inclusion criteria were an age of 18 years and older, and the

ability to comprehend and adequately perform the test procedures.

The following exclusion criteria had been defined: head trauma,

dementia, neurodegenerative disorders, and psychiatric conditions

interfering with chemosensory functions.

2.2 | Procedure

The following procedures were performed in all patients: (a) collection

of structured medical history and (b) assessment of gustatory and

olfactory function. The clinical documentation for each patient

included age, sex, body mass index (BMI [kg/m2]: self-reported weight

[in kg] divided by height squared [in m2]), duration of chemosensory

dysfunction (in months), and current medications. Smoking was not

consistently recorded. The classification of the BMI was performed

according to World Health Organization regional office for Europe:

<18.5 underweight (n = 63), 18.5–24.9 normal weight (n = 1921),

25–29.9 pre-obesity (n = 1,664), 30–34.9 obesity class I (n = 556),

35–39.9 obesity class II (n = 159), and >40 obesity class III (n = 26)

(WHO, 1995). The obesity class III group was excluded in the analyses

because of the limited sample size. The retrospective study was

approved by the Ethics Committee at the “Technische Universität

Dresden,” Germany (EK 251112006).

2.3 | Assessment of gustatory function

All olfactory and gustatory assessments were carried out in a venti-

lated room through the daytime (9 a.m. to 5 p.m.). All participants

were instructed to not eat, smoke, and to drink only water 1 hr prior

to the experiment. Taste function was evaluated by using the Taste

Sprays (Welge-Lussen, Dorig, Wolfensberger, Krone, &

Hummel, 2011). The “Taste Sprays” are rapid screening test for the

four basic tastes, applied to the oral cavity at suprathreshold concen-

trations. Subjects have to identify the taste from a list with four items

(sweet, sour, salty, bitter). We used the tastants sucrose (1 g in 10 g

aqua; sweet), citric acid (0.5 g in 10 g aqua; sour), sodium chloride

(0.75 g in 10 g aqua; salty), and quinine hydrochloride (0.005 g in 10 g

aqua; bitter). Each spray was applied twice. Subjects opened their

mouth, put out their tongue, and a spray (volume approximately

150 μL) was applied. Then they were allowed to take their tongue

inside the mouth again and to move it. Subjects correctly identifying

the bitter spray were defined as “intact bitter identification,” and

those who wrongly identified the bitter spray were defined as

“impaired bitter identification.” This approach was also used for other

tastes. The total score ranges from 0 to 4 points. The taste sprays

have been used twice to avoid false-negative responses.

2.4 | Assessment of olfactory function

Orthonasal olfactory function was evaluated using the Sniffin' Sticks

test (Hummel, Sekinger, Wolf, Pauli, & Kobal, 1997). Three different

olfactory functions were assessed in the following order: odor thresh-

old (OT), odor discrimination (OD), and odor identification (OI). OT

was determined for (the rose-like) phenyl ethyl alcohol (PEA) with

16 stepwise dilutions starting at a 4% solution (dilution ratio 1:2 in

propylene glycol). OT was measured using the single-staircase tech-

nique based on a three-alternative forced-choice task and the subjects
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total score ranged from 1 to 16. OD was assessed over 16 trials. For

each trial three pens were presented, two containing the same odor

and the third containing the target odor. Possible scores in OD ranged

from 0 to 16 points. OI was assessed presenting 16 common odors

with four verbal descriptors in a multiple forced-choice format (three

distractors and one item describing the target odor). Possible scores in

OI ranged from 0 to 16 points. The interval between odor presenta-

tions was 20–30 s. A total score (OT + OD + OI = TDI) was

calculated.

2.5 | Statistical analysis

Statistical analyses were performed using SPSS 25 software (IBM,

Armonk, NY). The level of statistical significance was set to .05. The

analysis of covariance (ANCOVA) was used to explore the difference

of OT, OD, OI, TDI, and taste scores in various BMI degrees, con-

trolling for age and sex, and least significant difference (LSD) was

used for post hoc comparison. Chi-square test was used to compare

the distribution of impaired taste qualities (sweet, bitter, sour, and

salty) in various BMI degrees. Independent sample t test was used

to compare the BMI and olfactory scores between subjects with or

without impaired taste identification (sweet, bitter, sour, and salty).

The partial correlation analysis was used to explore the relationships

between BMI and taste, olfactory scores, controlling for age and

sex. The stepwise multiple linear regression analysis was used to fur-

ther explore the relationships between BMI and taste, olfactory

scores. In each step of the stepwise multiple linear regression analy-

sis, the control variables included age and sex. Variables with p > .10

were excluded in the next step, and variables with p < .05 were able

to enter the model. General linear model was used to explore the

possible moderated effect of age or sex on the relationship between

BMI degrees and chemosensory function (taste scores, OT, OD, OI,

and TDI).

3 | RESULTS

The demographic information of the five BMI degrees was listed in

Table 1. The ANCOVA model showed that the BMI degrees signifi-

cantly affected the taste scores (F = 2.43, p = .046), and the post hoc

comparison showed that both the underweight and the obesity class

II subjects exhibited lower taste scores than the other three groups

(p < .05) (Figure 1). In addition, the BMI degrees exhibited no signifi-

cant effect on the OT (F = 1.70, p = .15), OD (F = 0.44, p = .78), OI

(F = 0.19, p = .95), and TDI scores (F = 0.44, p = .78).

The obesity class II group exhibited higher proportion of impaired

taste of bitter than the normal weight group and obesity class I group

(χ2 = 16.4, p = .006). There was no difference in proportion of taste

impairment across the BMI groups for sweet (χ2 = 1.17, p = .95), salty

(χ2 = 10.95, p = .052), and sour (χ2 = 4.80, p = .44) identification. In

the post hoc comparison, the obesity class II group exhibited a higher

proportion of impaired bitter identification than the normal weight

group and obesity class I group. Moreover, the underweight group

exhibited a higher proportion of impaired salty identification than the

other four groups (Figure 2).

Subjects with impaired bitter identification exhibited higher BMI

and lower olfactory scores (OD, OI, and TDI) than those with intact

bitter identification. Additionally, subjects with impaired sweet identi-

fication exhibited lower olfactory scores (OD, OI, and TDI) than those

with intact sweet identification. Moreover, subjects with impaired

salty or sour identification exhibited lower OD scores than those with

intact salty or sour identification (Table 2).

The partial correlation analysis suggested that BMI was weakly

associated with OT (r = �.031, p = .039), TDI (r = �.032, p = .034),

and taste scores (r = �.036, p = .022), but not OD and OI (p > .05).

The regression analyses suggested that BMI was associated with taste

scores (β = �.035, t = �2.246, p = .025, 95%CI [�0.550, 0.037],

R = 0.035).

The general linear model showed that BMI*age had a significant

effect on taste scores (F = 1.42, p < .001), suggesting that age had a

moderating effect on the relationship between BMI and taste scores

(the correlations increased with age) (Figure 3). There was no signifi-

cant effect of BMI*age on olfactory scores (OT, OD, OI, and TDI)

(p > .05). Additionally, there was no significant interactive effect of

BMI*sex on taste and olfactory scores (p > .05).

4 | DISCUSSION

The present study explored the association between BMI and

chemosensory dysfunction in a large sample population of patients

reporting chemosensory impairments. The main findings were (a) the

obesity class II group and the underweight group exhibited impaired

taste function compared with the normal weight group. (b) The obe-

sity class II group exhibited a higher proportion of impaired bitter

identification, and the underweight group exhibited a higher propor-

tion of impaired salty identification. (c) Subjects with impaired bitter

identification exhibited higher BMI and lower olfactory scores, and

OD scores were affected by all kinds of impaired taste. (d) The

increased BMI was weakly associated with reduced taste scores, and

this correlation increased with age.

TABLE 1 Demographic information of subjects with different BMI degrees

Underweight Normal weight Pre-obesity Obesity class I Obesity class II F p

Age 57.1 ± 19.5 54.2 ± 15.0 58.6 ± 12.5 59.9 ± 11.0 58.65 ± 11.2 28.52 <.001

Male/female 7/56 681/1,240 851/812 326/230 42/97 125.68 <.001
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Previous studies suggested that both overweight and under-

weight were associated with gustatory dysfunction (Aschenbrenner,

Hummel, et al., 2008; Aschenbrenner, Scholze, et al., 2008; Naka,

Riedl, Luger, Hummel, & Mueller, 2010; Skrandies &

Zschieschang, 2015), but they separately focused on the overweight

or underweight subjects. The present study compared taste scores

between different BMI degrees and confirmed their nonlinear rela-

tionship. On the one hand, normal gustatory function is needed for

normal intake of food and healthy nutrition, and gustatory dysfunc-

tion may lead to poor appetite and malnutrition (Fuchida et al., 2013).

On the other hand, poor taste acuity may change eating behavior and

lead to dietary overconsumption, which increases the risk for obesity

(Ribeiro and Oliveira-Maia, 2021). Additionally, among various over-

weight groups, only the obesity class II group exhibited reduced taste

scores, suggesting the gustatory function was notably affected only

when the overweight reached a certain degree.

Interestingly, subjects in the obesity class II group exhibited

impaired bitter identification, and subjects in the underweight group

exhibited impaired salty identification. Bitter taste not only plays a

protective role in the body by triggering an adverse reaction to spoilt

foods and potentially harmful toxins, but is also involved in modulat-

ing dietary intake of other foods (Turner et al., 2018). Wang et al.

suggested that bitter compounds intake may lead to weight loss by

several mechanisms, and the gastrointestinal enteroendocrine cell,

gastrointestinal smooth muscle cells, gut-brain axis and adipose tissue

may play important roles (Wang, Liszt, & Depoortere, 2020). Instead,

individuals with impaired bitter identification may decrease bitter

compounds intake and increase carbohydrate intake, leading to

weight gain (Duffy, 2004). Type 2 family of taste receptors (T2Rs), an

important mediator of bitter taste, has been reported to be involved

in imbalanced gastrointestinal microbiome and an increased risk for

obesity (Turner et al., 2018). In the present study, the importance of

bitter taste is also suggested by the higher BMI in subjects with

impaired bitter identification compared with those with intact bitter

taste. Such differences were not found when subjects were grouped

by other kinds of taste (sweet, sour, and salty). This is consistent with

the idea that bitter taste acuity may be a marker for general taste acu-

ity (Feeney et al., 2011; Lim et al., 2008; Turner et al., 2018), and sub-

jects with higher sensitive to bitter may be more sensitive to other

tastes, eventually leading to reduced calorie intake.

Previous work also suggested that an underweight status was

associated with impaired bitter identification in middle- to old-aged

nursing home residents (Fuchida et al., 2013), which are in contrast to

the present result that the underweight group exhibited a higher

F IGURE 1 Comparison of
gustatory and olfactory scores in
individuals with different BMI
degrees. The classification of the
BMI was performed according to
World Health Organization
regional office for Europe: <18.5
underweight, 18.5–24.9 normal
weight, 25–29.9 pre-obesity, 30–
34.9 obesity class I, 35–39.9
obesity class II
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proportion of impaired salty identification. On the one hand, the

present subjects came from a Smell and Taste clinic, and their age

ranged from 18 to 95, which is different from the previous study.

On the other hand, salt is very important in daily diets, and the

impaired salt identification may lead to picky eating and increase the

risk for underweight. The difference between the present results

and previous research (Fuchida et al., 2013) may also simply reflect

the fact that tastes dysfunction can have different consequences,

depending on context. In overall healthy people, taste dysfunction

appears to be related to an increase in body weight, while the oppo-

site seems to be the case in older people with a higher degree of

frailty.

The higher proportions of impaired identification of sweet and

sour in obesity class II group did not reach a level of significance,

suggesting they may be less associated with changes of BMI com-

pared with taste of bitter and salty. Future studies using more elegant

taste assessments may provide a deeper understanding about the

relationship between BMI and taste of sweet and sour. Collectively,

normal gustatory function is important in maintaining balanced diet

and normal BMI.

Except from gustatory dysfunction, BMI degrees was negatively

associated with OT but not OD and OI, and OT of the obesity class II

group was lower compared with the other groups, which was consis-

tent with the previous studies (Fernandez-Garcia et al., 2017; Simchen

et al., 2006). This result suggested that obesity may be more associ-

ated with peripheral impairment instead of higher-order dysfunction

of the olfactory system. Obesity is often associated with major meta-

bolic and hormonal deficits, such as mild hyperglycaemia, glucose

intolerance, hyperinsulinaemia, insulin resistance, and hyperleptinemia

(Peng et al., 2019). Interestingly, olfactory dysfunction may also act as

a protective factor after weight gain. Riera et al. hypothesized that

loss of adult olfactory neurons protects against diet-induced obesity,

and loss of smell after obesity also reduces fat mass and insulin resis-

tance. Conversely, loss of insulin-like growth factor-1 receptors

(IGF1R) in olfactory sensory neurons (OSNs) improves olfaction, and

loss of IGF1R in OSNs increases adiposity and insulin resistance (Riera

et al., 2017). Overall, these findings suggest that the relationship

between olfactory dysfunction and change of BMI is nonlinear.

Previous studies suggested that age might have an interactive

effect with BMI on olfactory function (Simchen et al., 2006), which

F IGURE 2 Proportion of
different kinds of taste
dysfunction in in individuals with
different BMI degrees. The
classification of the BMI was
performed according to World
Health Organization regional
office for Europe: <18.5
underweight, 18.5–24.9 normal

weight, 25–29.9 pre-obesity, 30–
34.9 obesity class I, 35–39.9
obesity class II
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was not shown by the present study. Instead, we found that the rela-

tionship between BMI and gustatory function becomes stronger with

age. One possible reason is that gustatory dysfunction is more obvi-

ous in older people, because the overall number of taste buds and

taste cells per taste bud decrease with age (Feng, Huang, &

Wang, 2014). Additionally, compared with older people, younger indi-

viduals exercise more and have better metabolic function, which may

compensate the effect of gustatory dysfunction on weight gain.

5 | LIMITATIONS

First, the present study included subjects from the Smell and Taste

Clinic and 91.2% of them exhibited hyposmia or anosmia. Therefore,

the present conclusion should be interpreted with caution when gen-

eralizing to the population. Second, the utilized Taste Sprays were

used for the assessment of sweet, salty, sour and bitter, but not

umami. The relationship between BMI and umami needs to be further

explored. Furthermore, the Taste Spray score does not reflect gusta-

tory function in its entire granularity, and using Taste Sprays to assess

gustation appears not be as comprehensive and robust as using

Sniffin' Sticks to assess olfaction. More detailed taste tests, such as

the “taste strips” or gustatory event-related potentials may provide a

more profound understanding about the relationship between taste

and BMI. Third, the present results indicated an association between

BMI and chemosensory dysfunction, but their causal relationship

needs to be further explored. Forth, obesity is also associated with

other reasons independent from chemosensory dysfunction, such as

genetic polymorphisms and low physical activity. Future studies

including this information could better clarify the relationship

between chemosensory dysfunction and obesity. Fifth, different cau-

ses of chemosensory dysfunction may affect the relationship with

BMI and chemosensory function. Future studies tightly controlling the

effects of the etiologies in the statistical analysis could better clarify

their relationship. Last, there is an imbalance of sample size in various

BMI degrees, which may have affected the statistical analyses. In

addition, the obesity class III (BMI > 40) was not included in the pre-

sent analyses because of its limited sample size.

6 | CONCLUSION

Both obesity class II and an underweight status are associated with

gustatory dysfunction, but their patterns were different (obesity class

II with impaired bitter identification, underweight with salty identifica-

tion). Increasing age was associated more strongly with the relation-

ship between gustatory dysfunction and higher BMI, but not with the

relationship between olfactory dysfunction and BMI. In summary,

TABLE 2 Comparison of BMI and olfactory scores when grouping the subjects according to various kinds of taste dysfunction

n BMI Odor threshold Odor discrimination Odor identification TDI

Impaired bitter identification 186 26.7 ± 4.4 2.9 ± 2.8 7.4 ± 3.6 6.7 ± 4.0 16.9 ± 8.9

Intact bitter identification 3,966 25.9 ± 4.1 3.1 ± 2.8 8.4 ± 3.3 7.6 ± 3.7 19.0 ± 8.3

t 2.786 �0.835 �4.128 �3.160 �3.480

p .005** .404 <.001*** .002** .001

Impaired sweet identification 129 26.1 ± 4.2 2.6 ± 2.7 7.2 ± 3.7 6.8 ± 4.1 16.5 ± 8.8

Intact sweet identification 4,023 25.9 ± 4.11 3.1 ± 2.8 8.4 ± 3.3 7.5 ± 3.7 19.0 ± 8.3

t 0.606 �1.796 �4.064 �2.294 �3.310

p .544 .073 <.001*** .022* .001

Impaired sour identification 331 26.4 ± 4.5 2.9 ± 2.8 7.9 ± 3.7 7.4 ± 4.1 18.1 ± 8.8

Intact sour identification 3,821 25.9 ± 4.1 3.1 ± 2.8 8.4 ± 3.3 7.5 ± 3.7 19.0 ± 8.3

t 1.587 �1.221 �3.027 �0.333 �1.849

p .113 .222 .002** .739 .065

Impaired salty identification 106 26.2 ± 4.4 2.8 ± 3.0 7.7 ± 3.6 7.3 ± 4.2 17.6 ± 9.4

Intact salty identification 4,046 25.9 ± 4.1 3.1 ± 2.8 8.4 ± 3.3 7.5 ± 3.7 20.0 ± 8.3

t 0.832 �0.799 �2.116 �0.565 �1.631

p .405 .424 .034* .572 .103

* represents P < 0.05, ** represents P < 0.01 and *** represents P < 0.001.

F IGURE 3 Moderating effect of age on the relationship between
increased BMI and reduced taste scores. General linear model
suggested that BMI*age had a significant effect on taste score
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these results suggest that taste function is closely related to nutrition

conditions. Taste disorders appear to have different effects on body

weight dependent on the context.
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