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A B S T R A C T   

Energy deprivation as well as hormones that regulate appetite and eating can influence olfactory function. This 
study investigated olfactory sensitivity for a food-related and a non-food odour prior to and after a meal, and its 
relationship to the energy-regulating hormones ghrelin and adiponectin. 

The olfactory sensitivity for orange and rose (PEA) odour in healthy, normal-weight volunteers (19 women, 45 
men, 1 undisclosed individual) was not affected by the consumption of a meal. Olfactory sensitivity was not 
associated with concentrations of circulating ghrelin. However, olfactory sensitivity was higher for women than 
for men, indicating better olfactory performance. This difference between women and men was related to 
concentrations of plasma adiponectin, an adipose-specific hormone. 

Adiponectin may thus explain why sex differences in olfactory sensitivity emerge, and may also account for 
some of the inconsistencies in previous findings on sex differences. Our findings add to the limited literature on 
the impact of stomach and adipose tissue-derived hormones on olfactory sensitivity. Further studies are needed 
to establish a causal link between circulating adiponectin and a sex difference in olfactory sensitivity.   

1. Introduction 

The olfactory system plays a fundamental role in locating, identi-
fying and enjoying food. The sense of smell can influence our food 
choices (Chambaron et al., 2015; Fedoroff et al., 1997; Gaillet-Torrent 
et al., 2014) and eating behaviour (e.g.; Sailer et al., 2016). Food odours 
perceived orthonasally appear to be predictive cues for the availability 
of nutrients (Small et al., 2005). In line with this, it has been shown that 
odours induce specific appetite for the same food (Boesveldt and de 
Graaf, 2017). For instance, individuals ate more pizza after they had 
been exposed to pizza odour compared to no odour (Fedoroff et al., 
1997). Such odour-induced appetite can also generalize from one 
energy-dense food to other energy-dense foods (Zoon et al., 2016). 

In addition to odours affecting appetite, it is likely that hunger or 
satiety in turn influence the way we perceive odours. Experiments 
testing this assumption date back as far as 1928 (Glaze, 1928). In this 
study, the sensitivity to various odours such as cedar wood and Russian 
leather increased during fasting for 5–10 days, a finding that was 
replicated in a subsequent experiment where the participants were 
tested before and after a meal. Since then, the finding of increased 

sensitivity to odours in a hungry state has been corroborated in rats 
(Aime et al., 2007) and humans (e.g., Goetzl and Stone, 1947; Hammer, 
1951; Ramaekers et al., 2016); but see also (Janowitz and Grossman, 
1949; Koelega, 1994) for conflicting findings in humans. 

Despite the studies on the role of metabolic state on olfactory 
sensitivity, the underlying mechanisms remain poorly understood. To 
address this knowledge gap, the current study aimed to investigate the 
role of two appetite-regulating hormones on human olfactory sensi-
tivity: ghrelin and adiponectin. Ghrelin is an appetite-stimulating hor-
mone secreted mainly by the stomach (Kojima et al., 1999). Before 
meals, circulating ghrelin levels increase, whereas they decrease after 
meals (Cummings et al., 2001), affecting energy regulation in the short 
term. Ghrelin administration augments food intake in rats (Tschop et al., 
2000) and in both healthy and obese humans (Druce et al., 2006, 2005). 
Ghrelin administration also enhanced food palatability in obese in-
dividuals (Druce et al., 2005), and increased brain activation in regions 
involved in encoding rewarding stimuli following the presentation of 
food pictures (Malik et al., 2008). 

Ghrelin receptors have been identified in the rat brain's olfactory 
system (Cowley et al., 2003; Loch et al., 2015), and ghrelin binds to 
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receptors in circuits of the olfactory pathway (Rhea et al., 2018; Tong 
et al., 2011). Similarly, ghrelin increases the reactivity of olfactory 
neurons in mice, and this effect can be abolished by treatment with a 
ghrelin receptor antagonist (Loch et al., 2015). Consistent with these 
findings, ghrelin administration increased sniffing behaviour and odour 
detection in rats, further strengthening the notion that ghrelin increases 
the responsivity to odours and modulates olfactory behaviour. For 
humans, the picture is less clear. Ghrelin was found to increase sniff (i.e., 
inhalation) magnitude for food- and non-food-related odours, but also 
for pure air (i.e. in the absence of an odour) in a sample of 9 humans 
(Tong et al., 2011). In one study, odour sensitivity was found to be 
unrelated to ghrelin concentrations (Trellakis et al., 2011). Recently, the 
sensitivity to a dairy odour – but not potato and vanilla odour - was 
found to increase with ghrelin concentrations in normal-weight and 
overweight men (Ginieis et al., 2022). A different study found serum 
ghrelin concentrations to be positively correlated with n-butanol odour 
sensitivity in women with obesity (Uygun et al., 2019). Altogether, the 
findings of ghrelin's role in human olfactory sensitivity are still 
inconclusive. 

Whereas ghrelin is mainly secreted from the stomach, adiponectin is 
secreted from adipose tissue. Adiponectin facilitates the crosstalk be-
tween adipose tissue and other organs that control metabolism (Wang 
and Scherer, 2016). It enhances insulin sensitivity (Kim et al., 2010), 
regulates glucose uptake (Yamauchi et al., 2002), and lipid metabolism 
(Pandey et al., 2019). In contrast to ghrelin which increases food intake, 
adiponectin seems to influence weight change mainly by changing en-
ergy expenditure (Qi et al., 2004; Yamauchi et al., 2001). Adiponectin is 
correlated to body fat mass and higher in women than men (Bidulescu 
et al., 2013; Lubkowska et al., 2015; Song et al., 2014), but these effects 
seem to be partly independent (Christen et al., 2018; Cnop et al., 2003). 
There are to date only a few studies which investigated how adiponectin 
influences olfaction. In mice, it was found to enhance olfactory response 
amplitudes from the olfactory epithelium upon olfactory stimulation 
(Loch et al., 2013). One study in humans found no association between 
olfactory sensitivity and adiponectin concentrations (Trellakis et al., 
2011). Thus, it is still unclear if and how adiponectin may influence 
olfactory detection ability in humans. 

Therefore, the present pre-registered study investigated odour 
sensitivity in relation to plasma concentrations of ghrelin and adipo-
nectin. Previous literature motivated the following pre-registered hy-
pothesis: We expected that odour sensitivity would be higher for food 
odours when participants were fasted and had high ghrelin concentra-
tions, than when they were satiated and had lower ghrelin concentra-
tions. Since previous studies found sex differences in odour sensitivity 
(Brand and Millot, 2001; Doty and Cameron, 2009; Sorokowski et al., 
2019), and in adiponectin concentrations (Bidulescu et al., 2013; Lub-
kowska et al., 2015), we also explored whether the two are related 
(analyses not pre-registered). 

2. Methods 

2.1. Participants 

The pre-registered a priori sample size estimation was conducted 
with Pangea (Westfall, 2015) for linear mixed models. Assuming a 
medium-sized effect for a 2 × 2 within-subjects design with the factors 
metabolic state (fasting/food intake) and odour type (food/non-food), at 
least 67 participants were recommended to reach at least 80 % power (d 
= 0.45, replicants = 1, var(interaction) = 0.417; see Supplementary 
Materials). The original plan to recruit 80 participants to account for 
potential dropouts had to be altered due to the Covid-19 pandemic, so 
that only 68 volunteers were recruited. 

Healthy volunteers (18–55 years) with a BMI in-between 18.0 and 
29.9 were invited to the study via announcements on notice-boards 
around the university and on Facebook. To reduce the variance from 
sex hormone concentrations, only women not taking hormonal 

contraceptives were included, and their participation was scheduled so 
that it took place in the first week of their menstrual cycle (days 1–8). 
This specific time window was chosen to minimize variance in plasma 
ghrelin and olfactory performance due to variation in gonadal hormones 
(Doty, 1981; Hirschberg, 2012). Participants had no self-reported his-
tory of eating disorders, diabetes, gastrointestinal surgery, lactose 
intolerance, ongoing mental disorder, or current medication affecting 
gastrointestinal function. 

From the 68 participants recruited, one dropped out due to circula-
tory problems, and two participants did not perform the odour sensi-
tivity task due to time constraints, leaving us with 65 participants. 59 of 
these 65 attended both test sessions (see below), of which one person did 
not want to state their sex (chose the answer option “prefer not to 
answer”). Therefore, all following analyses which had sex as a factor 
were calculated without this person. Because each of the statistical an-
alyses is based on a different number of participants, their demograph-
ical data are presented in the results of the respective analysis or in 
Supplementary Materials. 

The study complies with the Declaration of Helsinki for Medical 
Research involving Human Subjects. The Regional Ethics Committee 
(REK South East B, project 26699) approved the protocol. Participants 
received universal gift cards (~EUR 150 for two visits of ~5 h each in 
which a range of other tasks was performed as well). The study was 
preregistered on the Open Science Forum (https://osf.io/f9rkq). A pre- 
registration requires the specification of a study's research plan (hy-
pothesis, sample size, experimental procedures, data analysis) in 
advance of the study and submitting it to a registry. The aim of a pre- 
registration is to minimize questionable scientific practices and to in-
crease transparency and replicability of conducted research. 

2.2. Procedure 

The study consisted of two sessions performed on different days 
following an at least 6-hour fast. To ensure compliance with the 6 h 
fasting requirement, participants were informed that we would verify 
whether they had fasted by measuring blood glucose. This was done via 
a pin prick test right after arrival. Participants also filled in a number of 
questions regarding their subjective hunger feeling and performed a 
range of other tasks which will be presented elsewhere. 

In the second session, participants' body composition was measured 
with bioelectrical impedance analysis (seca mBCA 515, seca GmbH & 
Co. KG, Germany) to assess parameters such as fat mass and visceral 
adipose tissue. 

Participants received a standardised liquid meal before testing in one 
session (“food intake condition”), and after testing in the other session 
(“fasting condition”). The order of conditions was randomised across 
participants. The meal consisted of 300 ml raspberry-flavored, probiotic 
fermented milk (Biola®, 50 kcal/100 g) and 300 ml chocolate milk 
(Sjokomelk, 58 kcal/100 g), both manufactured by TINE BA. Blood 
samples were taken at three different points in time to quantify plasma- 
acylated ghrelin and adiponectin: at arrival (baseline), following in-
structions for several tasks presented elsewhere and the meal in the food 
intake condition, and shortly before the odour sensitivity test. The time 
from arrival to the beginning of the third blood sample was ~3–3.5 h. 
Thus, for the data on odour sensitivity, only the third blood sample is of 
relevance. 

Olfactory sensitivity were determined with a modified version (Croy 
et al., 2009) of the Sniffin' Sticks test (Burghart Instruments, Wedel, 
Germany) (Hummel et al., 1997). This modified version, consisting of 8 
triplets instead of the standard 16 triplets used for the Sniffin' Stick test, 
has shown high correlation with the original version as well as signifi-
cant test-retest reliability. In the present study, olfactory sensitivity was 
determined for one food odour, orange, and one non-food odour, phe-
nylethyl alcohol (PEA), a rose-scented odour. A high score in the Sniffin' 
Sticks test corresponds to a higher olfactory sensitivity. Applying a 
pseudo-randomization, 30 participants started with the food odour, 
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while 30 started with the non-food odour in the fasted condition. Thirty- 
three participants started with the food odour and 30 with the non-food 
odour in the food intake condition. No significant difference was found 
in these distributions (p = 0.787). Each olfactory sensitivity test was 
performed as follows: The blindfolded participants were presented with 
three smelling pens at a time in front of their nose, two of which con-
taining a solvent with neutral odour, and the third one containing the 
target odour. Eight such triplets for each odour were presented, each 
containing a different concentration (dilution) of the target odour. The 
order of the three pens was randomised across presentations. Partici-
pants had to identify the pen containing the target odour (3-alternative 
forced choice procedure, 3-AFC). One participant who was allergic 
against citrus fruits received cinnamon as food odour. Odour sensitivity 
was determined with a standard single-staircase procedure. The test 
started with the presentation of the triplet with the highest dilution 
(highest level of difficulty), and then moving on to the next lower 
dilution until a triplet was correctly identified twice in a row. This 
concentration represented the starting point for the actual test proced-
ure. Beginning from this starting point, the next higher dilution was 
presented. Following an incorrect identification, the next lower dilution 
was presented, and following two consecutive correct identifications (i. 
e. on the same dilution level), the next higher dilution was presented. 
The task was considered concluded when five reversal points were 
passed, corresponding to five incorrect identifications along the task. 
Odour sensitivity was defined as the average among the dilution steps of 
the last four reversal points (Croy et al., 2009). Odour sensitivity thus 
varies between 1 and 8 in 0.25 increments. A score of 8 indicates the 
highest sensitivity, and a score of 1 lowest. 

2.3. Hormone analyses 

Blood samples for ghrelin assessment were collected in 2 ml EDTA 
tubes that were prepared with 100 μl protease inhibitor (Pefabloc® SC 
Plus, Merck KGaA, Germany). Immediately afterwards, the blood sam-
ples were centrifuged for 15 min at 4 ◦C and 3200g. The blood plasma 
was then aliquoted and stabilized with HCl. Ghrelin plasma was then 
frozen at − 80 ◦C until analysis at the Hormone laboratory at Oslo Uni-
versity Hospital. Active (acylated) ghrelin concentrations were deter-
mined using the EZGRA-88 K kit (Merck, Germany) in duplicates (total 
analytical CV at 488 pg/ml 12 %). 

Blood samples for adiponectin assessment were collected in 2 ml 
EDTA tubes that were centrifuged with the same parameters as the 
ghrelin samples. Afterwards, blood plasma was aliquoted and frozen at 
− 80 ◦C until analysis at the Hormone Laboratory at Oslo University 
Hospital. Adiponectin was analysed with competitive radio immuno 
assay (Merck Millipore, Germany) in duplicates (total analytical CV at 
1300 nmol/l 29 %). 

2.4. Data analysis 

2.4.1. Pre-registered analysis 
Since plasma ghrelin concentrations in the fasting and the food 

intake condition did not differ, the values were averaged for all 
following analyses. Similarly, adiponectin values did not differ in the 
fasting and food intake condition (see Supplementary Materials), and 
were also averaged across these conditions. 

A linear mixed model with odour (food/non-food) and metabolic 
state (fasting/food intake) as fixed factors and mean-centred plasma 
ghrelin concentrations as continuous predictors of olfactory sensitivity 
was calculated. Two-way interactions between odour and metabolic 
state, and odour and ghrelin were modelled. The random effects struc-
ture included a random intercept for participant and a random slope for 
metabolic state (model details in Supplementary Materials). We used the 
Satterthwaite method for approximation of degrees of freedom and 
applied a restricted maximum likelihood estimation for fixed effects. As 
effect size measures, semi-partial R2 is reported (Edwards et al., 2008). 

Values of 0.02, 0.13, and 0.26 denote small, medium and large effects 
(Cohen, 1992). 

2.4.2. Exploratory analyses 
A linear mixed model with sex (women/men), odour (food/non- 

food), metabolic state (fasting/food intake) as fixed factors and mean- 
centred plasma adiponectin concentrations as continuous predictor for 
olfactory sensitivity was calculated. Two-and three-way interactions 
between odour, sex, metabolic state, and adiponectin were modelled. 
The random effects structure included a random intercept for participant 
and a random slope for metabolic state (model details in Supplementary 
Materials). All linear mixed model analyses were conducted with jamovi 
1.6.23 (The jamovi project, 2021). 

To obtain a more in-depth understanding of the relationships 
revealed in the linear mixed model, the results were followed up by a 
mediation analysis calculated with the PROCESS tool (Hayes, 2017) in 
SPSS v28. Mediation analysis allows to investigate if one variable X 
(here: sex) influences an outcome Y (here: olfactory sensitivity) through 
a single intervening variable M (here: plasma adiponectin). Accordingly, 
mediators are variables that partly explain the effect of the predictor on 
the outcome. Technically, this is realised by three different regressions, 
namely of X on Y, of M on Y, and of X+M on Y (Hayes, 2017). Because 
the preceding linear mixed model showed that olfactory sensitivity and 
plasma adiponectin did not differ significantly following fasting or food 
intake, these variables were averaged across metabolic states. Olfactory 
sensitivity was also averaged across the odour types because no signif-
icant differences were observed between sensitivity for orange and PEA. 
The ensuing (mean) olfactory sensitivity served as outcome, sex as 
predictor, and (mean) plasma adiponectin as mediator. Bootstrapping 
for indirect effects was performed with 5000 samples, the confidence 
interval level was 95 %. Of note, in the description of the mediation 
analysis results, we refer to associations as effects since this corresponds 
to the terminology typically used to describe results of this statistical 
method. 

To further explore the observed associations of sex and plasma adi-
ponectin with olfactory sensitivity, additional Welch's t-tests were 
computed to compare women and men on potential influencing vari-
ables (visceral adipose tissue, fat mass, and BMI). We then explored 
whether the results of the exploratory linear mixed model changed when 
adding fat mass and visceral adipose tissue as continuous predictors to 
this model. These results are presented in Supplementary Materials, 
Section 6. 

3. Results 

3.1. Results from pre-registered analyses 

Blood glucose levels did not differ significantly from each other at 
the beginning of either the fasting or the food intake session (t(58) =
− 1.84, p = 0.071, d = − 0.24). Age, sex and body composition of the 
participants are summarised in Table 1. 

The data from these participants were submitted to a linear mixed 
model analysis to assess the effects of odour, metabolic state, and mean 
plasma ghrelin concentrations on olfactory sensitivity. This analysis 
revealed no significant main or interaction effects (all p-values >0.192; 

Table 1 
Age and body composition of the participants included in the pre-registered 
analyses, mean with SD in brackets.   

Women Men Non-disclosed 

N (age) 19 45 1 
Age 31.5(9.66) 27.9 (7.81) 30 
BMI 22.607 (2.731) 24.250 (2.731) 24.400 
Fat mass index 7.160 (2.131) 5.076 (2.085) 5.800 
Visceral adipose tissue 0.534 (0.400) 1.420 (0.980) 1.500  
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see Fig. S1 and Table S1 in Supplementary Materials, Section 5). 

3.2. Results from exploratory analyses 

Mean olfactory sensitivity for men and women is shown in Table 2, 
mean plasma ghrelin and adiponectin concentrations for men and 
women are shown in Table S2 in Supplementary Materials (Section 5). 

Women had significantly higher olfactory sensitivity than men, 
meaning that women correctly identified odours at lower concentrations 
than men, as evident from a main effect of sex (cf. Table 3). Olfactory 
sensitivity was also higher with higher compared to lower plasma adi-
ponectin concentrations (main effect of adiponectin, cf. Table 3 and 
Fig. 1). Olfactory sensitivity was neither affected by the type of odour 
nor by metabolic state because no other main effects or interactions 
were significant (all p-values >0.072). 

Since the previous analysis showed that olfactory sensitivity was 
higher in women who also had higher plasma adiponectin concentra-
tions, this relationship was followed up by mediation analysis (N = 62, 
18 women and 44 men). The aim of this analysis was to find out if and 
how adiponectin influences the relationship between sex and olfactory 
sensitivity. Adiponectin concentrations differed with sex (coefficient a 
= 6.802; t = 4.127; p = 0.001), where women had on average 6.802 mg/ 
l higher plasma concentrations. Adiponectin influenced olfactory 
sensitivity (coefficient b = − 0.081; t = − 3.225; p = 0.002), so that 
women and men differing by 1 mg/l in adiponectin concentration were 
estimated to differ by an olfactory sensitivity of 0.081 (see Fig. 2). 

Altogether, men tended to have an olfactory sensitivity that was on 
average 0.640 units lower than for women (total effect of sex on olfac-
tory sensitivity of 0.640 (t = 1.858; p = 0.068)). However, this total 
effect (without considering adiponectin) only approached significance. 
Thus, sex only had a significant effect on olfactory sensitivity when 
plasma adiponectin concentrations were taken into account. 

This total effect of sex on olfactory sensitivity can be partitioned into 
a direct effect (not mediated through adiponectin), and an indirect effect 
(i.e. the effect of sex on olfactory sensitivity via adiponectin concen-
trations, thus an effect mediated by adiponectin). Men compared to 
women with similar adiponectin concentrations had a lower olfactory 
sensitivity by 1.191 (c’ = 1.191), (direct effect of sex with t = 3.280, p =
0.002). Relative to women, men were on average 0.550 units lower in 
olfactory sensitivity as a result of the effect of sex on adiponectin. This 
was evident from a statistically significant indirect effect ((6.802)* 
(− 0.081) = − 0.550; confidence interval from − 1.087 to − 0.121). 

4. Discussion 

Odour sensitivity for food and non-food odours did not vary with 
metabolic state or plasma ghrelin concentrations. However, concentra-
tions of plasma adiponectin as a different hormone with metabolic 
properties were associated with sex differences in odour sensitivity. In 
particular, men had lower olfactory sensitivity (equivalent to worse 
odour detection), which was related to their lower adiponectin 
concentrations. 

The finding that olfactory sensitivity was not affected by fasting is in 

contrast to findings of previous studies. For example, participants tested 
after 16 h of fasting and again 1 h after Ramadan supper (Ulusoy et al., 
2017) showed higher olfactory sensitivity during fasting than after food 
intake. Also, fasting for 24 h improved odour sensitivity (Cameron et al., 
2012). Making use of natural diurnal variations in hunger states prior to 
and following freely selected meals, olfactory sensitivity to food odours 
(coffee and citrus) was found to be higher prior to than following meals, 
and increased even more if a meal was skipped (Goetzl and Stone, 1947). 
These results were corroborated by other researchers in the 1950s 
(Guild, 1956; Hammer, 1951). However, other data with a similar 
before-and-after-lunch set-up and coffee odour did not provide evidence 
for hunger or satiety altering olfactory sensitivity (Janowitz and 
Grossman, 1949). More recently, the sensitivity for a neutral odour (n- 
butanol) was reported to be higher before than after food intake 
following a 24-hour fast. In contrast, the sensitivity for a food odour 
(food herbs) was higher before than after food intake, but only for 
participants with a high BMI (Stafford and Welbeck, 2011). The opposite 
effect was found in a study using banana (isoamyl acetate) as a food 
odour, where olfactory sensitivity was higher when satiated than hungry 
(Albrecht et al., 2009). There are a number of differences between all 
these studies and the present one, among which the duration of fasting 

Table 2 
Mean olfactory sensitivity with standard deviation (SD) for orange and PEA in 
different metabolic states for women and men.  

Sex Metabolic state Odour N Mean Std. DEVIATION 

Women Fasting Orange  16  5.250  1.469 
Food-intake Orange  18  5.028  1.805 
Fasting PEA  16  4.625  1.777 
Food-intake PEA  18  5.667  1.776 

Men Fasting Orange  44  4.597  1.869 
Food-intake Orange  44  4.943  1.863 
Fasting PEA  44  4.455  1.825 
Food-intake PEA  44  4.534  1.853  

Table 3 
Significant LMM parameters for olfactory sensitivity as a function of sex and 
adiponectin.   

Estimate SE df t p Semi-partial 
R2 

Intercept  5.1389  0.1815  59.1  28.310  <0.001  
Sex  − 1.1231  0.3630  59.1  − 3.094  0.003  0.14 
Adiponectin  − 0.0698  0.0250  55.6  − 2.789  0.007  0.12  

Fig. 1. Relationship between mean olfactory sensitivity, sex and plasma adi-
ponectin concentrations with regression lines and 95 % confidence intervals. 
Olfactory sensitivity (Sniffin' sticks scores) can range from 1 (lowest score) to 8 
(highest score) in 0.25 increments. 

Fig. 2. Mediation model and results.  
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and the use of other odorants. In our participants, the time since the last 
meal was minimally around 9 h (6 h fasting and ~3 h until the Sniffin' 
Sticks test), thus a much shorter duration of fasting. This may not have 
induced large enough physiologic variations, also in the investigated 
hormones. In addition, sex hormones in women were kept constant, and 
participant's weight range in-between a BMI of 18.0 and 29.9 was rather 
narrow. Thus, circulating sex hormones may not have influenced odour 
sensitivity as much as in previous studies. 

The exploratory analyses on sex differences substantiate the results 
of previous studies. Women are typically reported to have higher ol-
factory sensitivity than men (for overviews, see Brand and Millot, 2001; 
Doty and Cameron, 2009; Sorokowski et al., 2019). Effect sizes seem to 
be small (Sorokowski et al., 2019), but the effects are consistent. There 
are also several large studies which did not find sex differences in ol-
factory performance at all, for example (Sorokowska et al., 2015; Ven-
nemann et al., 2008). In the present study, the sex difference in olfactory 
sensitivity could be explained with differing adiponectin concentrations. 
This raises the speculation that adiponectin may explain some of the 
previously observed inconsistencies in the findings on sex differences for 
odour sensitivity. For example, a large variation in adiponectin con-
centrations may make potential sex differences disappear, whereas a 
small variation could make them more evident. Because the amount of 
visceral adipose tissue and fat mass did not affect odour sensitivity (see 
additional analyses in Supplementary Materials), the sex differences do 
not appear to be due to differing amounts of adipose tissue. 

The physiological role of adiponectin is not yet fully understood. It is 
considered a “starvation signal” (Ahima and Lazar, 2008; Henry and 
Clarke, 2008), and high concentrations stimulate food intake and reduce 
energy expenditure (Kubota et al., 2007). Thus, it is considered an 
important hormone in regulating energy homeostasis in the long run. 
Although adiponectin is secreted from adipose tissue (Nakano et al., 
1996), it is negatively associated with obesity. Animal studies about the 
role of adiponectin on food intake show highly inconsistent results (Tang 
et al., 2021). Moreover, one animal study on adiponectin's role on 
olfaction reported that neural responses of olfactory sensory neurons 
increased after odour stimulation, which was interpreted as enhanced 
responsiveness of the olfactory system (Loch et al., 2013). This may be 
due to all mature olfactory sensory neurons in the mouse olfactory 
epithelium expressing one particular adiponectin receptor (adiponectin 
receptor 1, adipoR1 (Hass et al., 2008)). It was suggested that also 
human olfactory sensory neurons express this adipoR1 receptor (Guthoff 
et al., 2011). It is thus possible that higher concentrations of adiponectin 
are associated with enhanced reactivity of those olfactory neurons 
responding to a particular odour, or that higher adiponectin concen-
trations generally increase the sensitivity of all olfactory sensory neu-
rons, i.e. recruiting also neurons that would usually not respond to the 
respective odour (Loch et al., 2013). This could contribute to the finding 
that women outperform men in terms of olfactory abilities on the group 
level (Sorokowski et al., 2019), because women also have higher adi-
ponectin concentrations on the group level (Bidulescu et al., 2013; 
Lubkowska et al., 2015). However, the functions of adiponectin reach 
beyond metabolism and include immunity, cancer and bone formation 
(e.g., Parida et al., 2019). Therefore, the nature of the relationship be-
tween adiponectin and olfactory sensitivity remains unclear. 

One limitation of the study is that the a priori power calculation was 
based on a medium-sized effect. Therefore, it was not possible to detect 
potential small effects of metabolic state, type of odour, and ghrelin 
concentrations on odour sensitivity. Another important limitation 
regards the choice of orange as a food odour. It is possible that admin-
istering a different odour associated with a more calorie-dense food 
could result in different effects. Finally, it is important to highlight that 
about two times as many men as women participated in our study, which 
implies lower statistical power in the female than the male sample. 

Altogether, this study adds to the increasing body of research on the 
relationship between metabolic disorders, body weight, and olfaction, 
the results of which are often inconsistent. The present study suggests 

adiponectin – irrespective of the amount of body fat - as a further factor 
to influence olfactory sensitivity. 
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