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Abstract 

Assessing the attractiveness of potential mating partners typically involves multiple sensory modalities,
including the integration of olfactory, visual, and auditory cues. However, predictions diverge on how the 
individual modalities should relate to each other. According to the backup signals hypothesis, multimodal 
cues provide redundant information, whereas the multiple messages hypothesis suggests that different 
modalities provide independent and distinct information about mating-related quality. The 
backup signals hypothesis predicts a positive association between assessments based on different 
modalities, whereas no substantial correlation across modalities is expected under the 
hypothesis. Previous studies testing the two hypotheses have provided mixed results, but a systematic 
evaluation is currently missing. 

We performed a systematic review and a meta-analysis of published and unpublished studies to examine 
the congruence in assessments between human body odour and facial attractiveness, and between body 
odour and vocal attractiveness. We found positive but weak associations between ratings of body odours 
and faces (r = 0.1, k = 25), and between body odours and voices (r = 0.1, k = 9). No sex differences were 
observed in the magnitude of effects. 

Compared to judgments of facial and vocal attractiveness, our results suggest that assessment of body 
odour provides independent and non-redundant information about human mating-related quality. Our 
findings thus provide little support for the backup signals hypothesis and may be better explained by the 
multiple messages hypothesis. 

Keywords 

Human; Mate choice; Body odor; Face; Voice; Perception; Attractiveness; Backup signals, Multiple 
messages 
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1 Introduction 
Across many different taxa, individuals assess potential mating partners via telereceptive senses such as 
vision, olfaction, and hearing (Aglioti & Pazzaglia, 2011). Although some vertebrates appear to rely 
predominantly on a single sense (Arakawa et al., 2008; Candolin, 2003; Gosling & Roberts, 2001), most 
species, including humans, employ multiple senses (Candolin, 2003; Higham & Hebets, 2013) in their 
assessment. Frog calls, for example, are often accompanied by conspicuous vocal sac movements and/or 
water surface vibrations, while many bird species show complex, rhythmic and vigorous visual displays 
during courtship singing (for a review, see Halfwerk et al., 2019). 

Perceived variation in these physical traits may provide -related 
quality, such as health and fertility (e.g., Grammer et al., 2003; Rhodes, 2006; Thornhill & Gangestad, 
1999b). As the judgment of attractiveness based on any single modality entails a certain 
level of error, using multiple sensory channels could enable a more reliable assessment (Moller & 
Pomiankowski, 1993). Two competing hypotheses have been proposed to explain the use of multiple 
modalities in the assessment of potential mates (Groyecka et al., 2017; Higham & Hebets, 2013).

backup signals hypothesis (Grammer et al., 2001; also coined redundant signalling, 
Moller & Pomiankowski, 1993; Thornhill & Grammer, 1999), certain cues may provide similar (redundant) 
information; assessing this same information in several different modalities will then tend to reduce error 
and facilitate a more accurate overall assessment of underlying quality. In contrast, the multiple messages
hypothesis (Cunningham et al., 1990; Moller & Pomiankowski, 1993) suggests that each trait provides 
distinct and independent (non-redundant) information about an mating-related quality, but in 
combination, these can facilitate more accurate assessment of overall individual quality than any single cue 
in isolation. With all this in mind, we can make predictions to test these two ideas. One can expect that if 
attractiveness assessments based on different sensory channels are closely and positively associated,
such congruence would suggest redundancy in information across traits and provide support for the backup 
hypothesis. Weak or absent cross-modal congruence (i.e. cues convey non-redundant information),
however, would support the multiple messages hypothesis. The mating-related animal research provided 
some support for both of these hypotheses. The use of backup signals of quality was demonstrated, for 
instance, in Drosophila saltans where removing one courtship component (either visual, auditory, chemical 
or tactile) did not eliminate the  (Colyott et al., 2016). On the other hand, the study 
on peacock spiders (Maratus Volans) showed that both visual and vibratory signalling is important for 
mating success supporting the multiple messages hypothesis (Girard et al., 2015). Overall, the majority of 
available animal research seems to provide more evidence in favour of the multiple messages hypothesis 
(Candolin, 2003). 

Most research on human mate preferences has focused on visual cues, typically by investigating people's 
assessments of facial and/or body attractiveness. Although physical appearance certainly plays a 
prominent role (Groyecka et al., 2017; Herz & Inzlicht, 2002; Walter et al., 2020), the assessment of 
attractiveness in potential mating partners is undeniably multimodal. Research suggests that body odour 

and vocal cues (Hill & Puts, 2016; Pisanski et al., 2017; 
Zäske et al., 2020) also contribute substantially to human mate preferences (Groyecka et al., 2017). 
However, studies that examine potential cross-modal congruency and redundancy of attractiveness 
judgments are scarce. In one of the first such studies, Rikowski and Grammer (1999) reported a positive 
relationship between judgments faces and their body odour. They also found a similar 
association in men  rated by women in the fertile phase of their menstrual cycle 
(Please note that authors assessed cycle phase based on counting methods which appears to be highly 
unreliable, see Gangestad et al., 2016 2022). Rikowski and Grammer concluded that 
human faces and body odours provide similar information about mate quality. Several other studies have 
subsequently reported positive associations between perceived attractiveness of faces and body odours 
(Mahmut & Stevenson, 2019; Roth et al., 2021; Thornhill et al., 2003; Thornhill & Gangestad, 1999a),
although the strengths of some associations were weak and two other studies ( Roberts et al., 2011; Röder 
et al., 2013) found no support for this association (see Table S0-6 and Figure 2). Collectively, the available 
studies provide some support for both the backup signals and multiple messages hypotheses.

In view of this, we set out to conduct a systematic review and meta-analysis of the relationship between 
human body odour and facial attractiveness, to test between the two hypotheses. We collated the 
published studies and complemented these with unpublished datasets. During this process, we noticed that 
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several of the unpublished datasets that we obtained from researchers also contained ratings of perceived 
vocal attractiveness. Therefore, we also performed meta-analyses of congruence between body odour and 
vocal attractiveness. As body odour perception and its relation to other modalities are still somewhat 
overlooked research topics, we focus our study primarily on the relationships between body odour 
attractiveness and other sensory modalities. Although of interest, the investigation of the association 
between facial and vocal attractiveness to a comparable extent (e.g. collecting both published and 
unpublished evidence) is beyond the scope of the current study  

2 Material and methods 
2.1 Systematic review and Meta-analysis 
2.1.1 Literature search and study selection 
Following the PRISMA 2020 protocol (Page et al., 2021) and PRISM 2020 checklists (see Supplementary 
material), we conducted a systematic literature search in July 2020 to identify empirical studies reporting 
data on the associations between perceived body odour and facial and/or vocal attractiveness. We 
searched the PubMed and Web of Science (WoS) databases. Topics (WoS) and all fields (PubMed) were 
searched using the keyword combinations ,
attractiveness , and  (WoS 
search query example TS=(odour) AND TS=(face) AND TS=(attractive); PubMed search query example 
((odour[Title/Abstract]) AND (face[Title/Abstract])) AND (attractiveness[Title/Abstract]); results for each 
query and database are provided in the Supplementary material). Studies were also searched through 
cross-referencing and by direct correspondence with researchers who had published previously on body 
odour attractiveness. We contacted 13 authors, 7 of whom responded that they had no suitable data, and 6 
of whom provided data 1. Only articles and research papers written in English were reviewed. Both 
published and unpublished studies were considered. The complete list of search results is reported in Table 
S0-5 - Systematic literature search and Prisma Flow diagram (Supplementary material). 

2.1.2 Inclusion criteria 
A two-step selection process was adopted. First, titles and abstracts of studies identified by the search 
were screened for inclusion by one team member (VT). Studies were included if they met each of the 
following criteria: focused on humans (not other species); included ratings of body odour samples and 
either facial photographs or voice recordings (or both); provided data about perceived body odour 
attractiveness, and perceived facial and/or vocal attractiveness of the target participants. Second, all
entries reporting the relevant data or unclear about reporting the relevant data were screened against the 
same criteria, where their full texts were examined for suitability. Studies were excluded from the meta-
analysis if the key data (perceived body odour and facial or voice attractiveness) were collected but the 
relevant analyses were not conducted or not reported, unless the authors provided respective effect sizes 
or raw data for effect size calculations after we contacted them.  

r (correlation coefficient) as a measure of the effect size of the association between 
body odour and facial and/or vocal attractiveness. We excluded studies reporting effect size measures that 
could not be converted r and/or were not available from the authors. 

For further details, see the PRISMA 2020 Flow Diagram and Table S0-5 (in the Supplementary material) 
that contains all selection steps. 

2.1.3 Data extraction 
Data extracted from the selected studies are reported in Table S0-6 - Summary of published and 
unpublished data. Two research team members (VT and JTF) individually extracted the data, summarised 
them, and verified their validity. 

2.1.4 Analysis 
All statistical tests within this article were performed in jamovi (The jamovi project, 2021). We used the 
MAJOR (Hamilton, 2021) jamovi module to perform a correlation coefficients meta-analysis, following 
recommendations by Harrer et al. (2021a). The correlation coefficients of the associations between 

1 All authors who provided unpublished data were offered co-authorship of the resulting manuscript. Their involvement 
in the study is described in the Author Contributions list. 
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perceived body odour and facial attractiveness and body odour and vocal attractiveness were converted 
-to-z transformation and accompanied by their 95% confidence intervals. -to-z

transform is the recommended procedure for correcting for bias in studies with small sample sizes (Harrer 
et al., 2021a)2. Separate meta-analyses were performed for correlations between each pair of stimuli (body 
odour  facial attractiveness and body odour  voice attractiveness). We performed each meta-analysis 
first for both target sexes combined and then separately for each target sex; the results for both sexes 
combined are reported in the main text, and the results for each sex are provided in the Supplementary 
material (Table S0-7 - Supplementary Meta-analyses results). We assumed that variation in effect sizes 
between studies was due to sampling error of true effect sizes or because of other (e.g., methodological) 
differences between studies. Therefore, we used the random-effects model with a restricted maximum-
likelihood estimator (Harrer et al., 2021b) for heterogeneity statistics (Tau2). Heterogeneity examines 
whether variation in the observed correlations results from sampling error. Cochran's Q (which tests 
whether effect size variability across samples is larger than would be expected by sampling error) and I2

(which indicates the percentage of variability due to true heterogeneity; I2 values of 25% are considered 
low, 50% moderate, and 75% high variability; (Higgins et al., 2003) were computed to quantify the 
proportion of variance in the observed effects attributable to sampling error (i.e., the extent to which true 
effect sizes vary within a meta-analysis) (Harrer et al., 2021b). In the case of heterogeneity, the meta-
analytic results are reported with their 95% prediction intervals (PI). We inspected small-study effects and
between-study heterogeneity using contour-enhanced funnel plots and  for funnel 
plot asymmetry (Harrer et al., 2021b); this test was carried out only for the association between perceived 
body odour and facial attractiveness as its usage is recommended when the number of studies (k) is 
(Harrer et al., 2021b; Sterne et al., 2011). To explore potential biases in published vs unpublished effects, 
we tested the moderator effect and performed separate meta-analyses for published and unpublished 
effects. Lastly, we also explored the potential moderating effect of the rating design (between- and within-
subject design) on observed meta-analytic estimates. These comparisons were carried out only for the 
association between perceived body odour and facial attractiveness, as both published and unpublished 
effects were available for this association, .  

2.1.5 Power analysis 
We performed analyses of statistical power for the meta-analytic effects in both meta-analyses following 
(Quintana, 2015; Quintana & Tiebel, 2019). We conducted a sensitivity analysis to estimate what meta-
analytical average effects we have the power to observe with the resulting number of effects per meta-
analysis, the average number of stimuli per study (within a given meta-analysis) error rates (p 

-tailed tests, 1- ), and for potentially low, moderate, and high 
heterogeneity of the effects (Higgins et al., 2003) (Figure 1). 

2.1.6  Effect size distributions 
We calculated effect size distributions (ESD) (e.g. Brydges, 2019; Gignac & Szodorai, 2016; Lovakov & 
Agadullina, 2021; Nordahl-Hansen et al., 2022; Quintana, 2017) for both investigated associations (body 
odour  facial attractiveness and body odour  voice attractiveness). Alongside meta-analytic averages, 
ESD can facilitate more accurate power analyses to determine sample and effect sizes when planning 
future research in a particular area. However, ESD primarily allows for the determination of empirically-
based normative guidelines. Thus, (1988) traditional

ESD serves as an 
evidence synthesis derived, field-specific benchmark against which effects from individual studies are 
compared (e.g., whether the observed effect size in a particular study is smaller, average/medium, or larger 
than in similar studies). We emphasise that the ESD provides effect size comparison with similar studies 
but is not designed to quantify the practical significance of observed effects. 

To examine the distribution of correlation coefficient effect sizes, we calculated the 50th percentile, 
representing the average effect size, and the 25th and 75th percentiles, as these are equidistant from the 

2 Another approach is to use bias- -to-z
transforms. We further ran the two presented meta-analyses with bias-corrected correlations for transparency and 
comparison between other meta-analyses and their effect size treatments; the analyses are reported in the 
Supplementary material. Both analyses produced essentially the same results with marginally smaller AIC values for 

-to-z transformed data.
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average effect size representing small and larger effects size boundaries, respectively (Cohen, 1992; 
Quintana, 2017). 

2.2 Analysis of the unpublished studies 
Ten unpublished datasets (further referred to as Studies 1-10) were secured through personal 
communication. Data on the association between perceived body odour and facial attractiveness were 
available in all studies; five studies (Study 2, 5, 6, 7, 10) also included data on voice attractiveness. The 
Supplementary material contains a detailed description of the methods and results of each study, means 
per target (Table S0-1 - Means per target), and means per modality (Table S0-2 - Means per modality). 

2.2.1 The stability and precision of mean rating estimates 
To assess whether the number of ratings for each stimulus type within Studies 1-7, 9, 10 and part of Study 
8 provided stable estimates, we calculated the point of stability (POS, a point at which means do not 
substantially change with additional observations) within a corridor of stability of a mean (COS) (Hehman et 
al., 2018a; Schönbrodt & Perugini, 2013) in R x64 (R Core Team & Team, 2019) via RStudio (R Core 
Team, 2021). We used the settings following Hehman et al. (2018a): for the 1-7 scale (Studies 1 4, 7, 9), 
the POS was specified as 95% CI of observed values falling within ± 0.5 points (approximately 14 %) 
(Fialová et al., 2020), for the 9-point scale (Study 5, -4 to +4 scale used for odour ratings) within ± 0.6 
points (~ 14%), for the 0 1000 scale (Study 6) we set POS at 95% CI within ± 70 points (~ 14%), for the 1
10 scale (Study 8, the replication sample) we set POS at 95% CI within ± 0.7 points (~ 14%) and for the 1-5
scale (Study 10) we set POS at 95% CI within ± 0.35 points (~ 14%). 

This analysis provided an estimate of the number of raters required to reach predefined POS (and allowed 
a comparison with the number of raters recruited and an estimation of the size of the 
We further calculated the mean rating precision each study reached with a COS of 95% CI, see Table S0-3
- Point of stability and Intra-class Correlation Coefficients (ICC) in the Supplementary material.  

2.2.2 Assessment of inter-rater reliability 
To assess inter-rater reliability for each stimulus type in Studies 1-7, 9, 10 and part of Study 8, we 
calculated the ICC (Koo & Li, 2016) using Reliability analysis in the SimplyAgree (version 0.0.2) jamovi 
module. We used a two-way random model for average agreement (type ICC2k) and followed 
recommended thresholds for values less than 0.5 as indicative of poor reliability, values between 0.5 and 
0.75 as being of moderate reliability, values between 0.75 and 0.9 indicating good reliability and values 
greater than 0.9 indicating excellent reliability (Koo & Li, 2016). See Table S0-3  Point of stability and ICC 
in the Supplementary material for individual ICC values. 

Further, using a linear mixed-effect model, we explored differences in ICCs for different stimulus types. 
Results are reported in the Supplementary material (ICC comparison). 

2.2.3 Perceptual differences between rating sessions, side-related armpit differences, and an 
association between short- and long-term attractiveness ratings 

In Studies 1, 2, 5, and 7, ratings were recorded in multiple sessions. To test for potential differences 
between sessions, we specified linear mixed-effect models. Attractiveness rating (for a specific modality) 
was set as the dependent variable, the number of sessions as a fixed effect factor, and both the rater and 

1 | rater ID ) + ( 1 | target ID ) ). 

The raters in Study 5 we  body odour samples from both armpits (separately, 
as two stimuli). Therefore, we used a bivariate correlation analysis (on aggregated ratings per armpit and 
target participant) to assess the association between the ratings of the two odour samples. 

In several studies, body odour (Study 6-1, 6-2), facial (Study 4, 5, 6-1, 6-2, 9), and vocal stimuli (Study 6-1, 
6-2) were rated for short- and long-term attractiveness. We used a bivariate correlation analysis (on 
aggregated ratings per scale type and target participant) to assess the association between these two 
scales. We initially set r (Brown, 2006) as the level at which we considered the two attractiveness 
scales as highly correlated and thus difficult to discriminate. In fact, ratings of short-term and long-term 
attractiveness were highly positively correlated with all r , thus fulfilling our criteria to consider the 
two ratings numerically interchangeable. We therefore used the long-term attractiveness ratings for 
subsequent analyses and labelled these simply as attractiveness . 
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All linear mixed effect models were run using GAMLj jamovi module (Gallucci, 2021) with REML fit; fixed 
as

For the individual results, see the Methods and Results of each study in the Supplementary material. 

2.2.4 Association between attractiveness of different modalities  
Previous research reported positive associations between the attractiveness of body odour and facial 
images (Rikowski & Grammer, 1999; Thornhill et al., 2003; Thornhill & Gangestad, 1999a). Therefore, we 
ran one- r (on aggregated attractiveness ratings per stimulus
type and per participant, i.e., the mean rating of a participant was the unit of analysis) between odour and 
face, and between odour and voice pairs, within each dataset. The resulting correlation coefficients are 
reported with 95% CI [Lower limit, 1]. 

2.2.5 Power analysis 
The current study used data from previous studies; therefore, we calculated the sensitivity to detect effects 
and their critical values for Exact Correlation (Bivariate normal model) using G*Power (Erdfelder et al., 
2009; Faul et al., 2007). The parameters were set to a one-

 error probability (p = 0.05) and 5% (1- error 
probability = 0.95 Power)3. For the sensitivity of individual studies, including observed effects and the power 
curves plot, see Table S0-4 - Power analysis, and Figure S0-1 ibid in the Supplementary material. 

2.3 Data Availability and Supplemental materials 
Datasets, tables of descriptive statistics, detailed descriptions of methods and statistical analyses of 
individual studies, literature review and meta-analysis methods, and jamovi outputs are all available in the 
Supplementary material. 

3 Results 
We extracted 25 effects for the relationship between body odour attractiveness and facial attractiveness, 
and 9 effects for body odour attractiveness and vocal attractiveness (Table S0-6). These were based on 
ten unpublished datasets and four published studies describing the association between body odour 
attractiveness and facial attractiveness, and between body odour attractiveness and vocal attractiveness 
(from 92 search results, see Table S0-5). The results reported below are based on 1001 target stimuli and 
1350 raters. 

3.1 Sensitivity to observe meta-analytical effects 
With the 25 effects and an average sample size of 46 targets per group in the meta-analysis on the 
relationship between body odour and facial attractiveness, we reached a sensitivity to observe effects (with 

of 0.174, 0.214 and 0.303 for low, moderate, and high heterogeneity, respectively 
(Figure 1  left). 

In the case of the meta-analysis on the relationship between body odour and vocal attractiveness, with 9
effects and an average sample size of 51 targets per group, we reached a sensitivity to observe effects 

respectively (Figure 1  right). 

Hence, effects smaller than those estimated by our sensitivity analysis would be observed with statistical 
power below 95%, following the associated curves in Fig. 1. For example, if the meta-analysis on the 
relationship between body odour and facial attractiveness would have small heterogeneity and observed 
effects of 0.2, 0.1, or 0.05, it would have ~99%, ~55%, or ~17% power to observe them, respectively. 

Fig. 1. Power curves for the sensitivity to detect meta-analytic effects as a function of heterogeneity. The
plots display the sensitivity analysis for the meta-analysis of congruence between body odour and facial 
attractiveness (left panel) and between  body odour and vocal attractiveness (right panel). Black solid,
medium grey dashed, and light grey dotted curves represent low, moderate, and high heterogeneity. Power 

3We decided to choose a 1:1 ratio of the Type I and II error rates for all performed analyses, as we see committing 
both errors as of equal significance in this instance. 
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curve plots were generated in MS Excel 365 following (Quintana, 2015; Quintana & Tiebel, 2019) and
edited in Adobe Photoshop CC2022. 

Association between body odour and facial attractiveness
All 25 effects were included in the meta-analysis on the association between body odour and facial 
attractiveness. The observed correlation coefficients ranged from -0.436 to 0.867, with the majority of 
estimates (68%) above zero. The meta-analytical mean showed a statistically significant, weak positive 
correlation coefficient of 0.104 [0.034, 0.174], Z = 2.93, p = 0.003 (Table 1, Figures 2 and 3). Although 
Cochran's Q test was not statistically significant, the effect tends to vary across the studies (Q24 = 35.945, p 
= 0.056), with small heterogeneity (Quintana & Tiebel, 2019) of about 22% attributable to sampling error. 
Based on the 95% Prediction Interval, the true outcome is expected to be between -0.069 and 0.277. 
Results of the asymmetry in the funnel plot 0 = 0.803, p = 0.422, Figure 3). 
For female (k = 8) and male (k = 17) targets, the meta-analytical means were 0.163 [0.011, 0.314] and 
0.086 [0.005, 0.168], respectively (Table S0-7 - Supplementary meta-analyses results). 

Fig. 2. Forest plots for congruence meta-analyses. Squares represent weighted mean effects of individual 
studies, and error bars their 95% confidence intervals. Diamonds represent summary effects, their width 
the 95% confidence intervals, and dashed error bars their 95% prediction intervals. *Female raters in fertile, 
**non-fertile phase of their menstrual cycle, and °hormonal contraception users. Summary effects are 

-transformed correlation coefficients with 95% confidence intervals and in 
heterogeneous effects also followed with 95% prediction intervals. Forest plots were generated in jamovi, 
and edited in Adobe Photoshop CC2022. 
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Fig. 3. Funnel plots for congruence meta-analyses. Area outside the contour-enhanced 
funnels represent p values < 0.01, dark grey areas p values between 0.01 and 0.05, light 
grey p values between 0.05 and 0.1, and areas inside the funnel p values > 0.1. Full circles 
illustrate published and empty circles unpublished studies. Dashed lines show summary 
effect sizes; Y-  Funnel plots were generated in jamovi, 
and edited in Adobe Photoshop CC2022. 

3.2.1 Comparison of published and unpublished effects 
Considering only the published effects (k = 10), the meta-analytical mean showed a positive 
correlation coefficient of 0.185 [0.041, 0.328] with a moderate level of heterogeneity (50%). 
Based on a 95% Prediction Interval, the true outcome thus can be expected between -0.156 
and 0.526 (Table 2, Figure 4). When only the unpublished effects (k = 15) are considered, 
the meta-analytic mean is 0.052 with 95% CI [-0.024, 0.128] overlapping 0, and 0% 
heterogeneity (Table 2, Figure 4). When the publication status (published/unpublished) is 
used as a moderator, its effect is statistically non-significant (estimate = -0.128 [-0.259, 
0.004], p = 0.057, heterogeneity I2 = 10.25%). 

Fig. 4. Comparison of meta-analytic averages between published and unpublished effects. 
Black circles represent mean effects. Thick error bars their 95% CI and thin error bar 95% PI. 
Due to observed heterogeneity only in the published effects, the mean effect is accompanied 
by 95% PI. The plot was generated in Adobe Photoshop CC2022. 
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3.2.2 The effect of rating design 
For studies (k = 16) using a between-subject rating design (different groups of participants 
provide attractiveness ratings for different stimulus types), the meta-analytical mean estimate 
for body odour and facial attractiveness was 0.089 with 95% CI [-0.05, 0.183] overlapping 
zero (I2 = 38.29%). Studies (k = 9) using a within-subject rating design (each participant 
judged both stimulus types) also showed a weak positive association between the modalities, 
0.146 [0.036, 0.256] (I2 = 0%), (Table 3). When the rating design was used as moderator, its 
effect is statistically non-significant (estimate = -0.034 [-0.201, 0.134], p = 0.692, I2 = 0%), 
Table 3. 

3.3 Association between body odour and vocal attractiveness
The association between body odour and vocal attractiveness (k = 9) was weakly positive 
and statistically significant. The observed correlation coefficients ranged from -0.189 to 
0.297, with the majority of estimates (89%) above zero. The meta-analytical mean estimate 
was 0.098 [0.004, 0.192] with Z = 2.038, p = 0.041 (Table 1, Figures 2 and 3 Q
(Q8 = 4.8, p = 0.779) indicated that the effect did not vary between studies, with 0% of the 
observed effect attributable to sampling error. Considering females and males separately,
the meta-analytical means were 0.143 [0.024, 0.263] for female targets (k = 5) and 0.024 [-
0.128, 0.177] for male targets (k = 4) (Table S0-7 - Supplementary Meta-analyses results).

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65



T
ab

le
 1

.
M

et
a

-a
na

ly
si

s 
a

nd
 h

e
te

ro
g

e
ne

ity
 r

e
su

lts

C
o

n
g

ru
e

n
ce

 i
n

k
E

s
ti

m
at

e
95

%
 C

I
p

95
%

 P
I

L
L

U
L

L
L

U
L

B
o

dy
 o

do
ur

 a
n

d 
F

a
ci

al
 

at
tr

ac
tiv

en
es

s
25

0
.1

04
0.

03
4

0
.1

74
0.

00
3

-0
.0

69
0

.2
77

B
o

dy
 o

do
ur

 a
nd

 V
oc

a
l 

at
tr

ac
tiv

en
es

s
9

0
.0

9
8

0.
0

04
0

.1
9

2
0.

0
42

H
et

er
o

g
e

n
ei

ty
 S

ta
ti

st
ic

s
T

au
T

au
2

I2
(%

)
H

2
Q

d
f

p

B
o

dy
 o

do
ur

 a
n

d 
F

a
ci

al
 

at
tr

ac
tiv

en
es

s
0.

07
9

0.
0

06
2

20
.8

4
1

.2
6

3
3

5.
6

96
24

0
.0

5
9

B
o

dy
 o

do
ur

 a
nd

 V
oc

a
l 

at
tr

ac
tiv

en
es

s
0

0
0

1
4.

8
8

0.
7

79

T
ab

le
 2

.
M

et
a-

an
al

ys
is

 a
n

d 
h

et
er

og
e

ne
ity

 r
e

su
lts

 f
or

 p
u

bl
is

he
d 

a
nd

 u
n

pu
b

lis
h

ed
 e

ff
ec

ts

O
ri

g
in

k
E

s
ti

m
at

e
95

%
 C

I
p

95
%

 P
I

L
L

U
L

L
L

U
L

P
u

bl
is

he
d 

e
ff

e
ct

s
10

0.
18

5
0

.0
41

0.
32

8
0

.0
12

-0
.1

56
0.

52
6

U
np

ub
lis

he
d 

e
ff

e
ct

s
1

5
0.

0
52

-0
.0

2
4

0.
1

28
0

.1
8

2
M

o
de

ra
to

r
-0

.1
28

-0
.2

5
9

0.
0

04
0

.0
5

7

H
et

er
o

g
e

n
e

it
y 

S
ta

ti
st

ic
s

T
au

T
au

2
I2

(%
)

H
2

Q
d

f
p

P
u

bl
is

he
d 

e
ff

e
ct

s
0.

15
8

0.
0

24
9

4
9.

91
1.

99
6

19
.8

13
9

0.
01

9
U

np
ub

lis
he

d 
e

ff
e

ct
s

0
0

0
1

1
1.

9
2

1
4

0.
6

13
M

o
de

ra
to

r
0.

0
52

0
.0

0
27

1
0.

2
5

1.
1

14
31

.7
3

3
2

4
0.

1
06

1
5
1
6
1
7
1
8
1
9
2
0
2
1
2
2
2
3
2
4
2
5
2
6
2
7
2
8
2
9
3
0
3
1
3
2
3
3
3
4
3
5
3
6
3
7
3
8
3
9
4
0
4
1
4
2
4
3
4
4
4
5
4
6
4
7
4
8
4
9
5
0
5
1
5
2
5
3
5
4
5
5
5
6
5
7
5
8
5
9
6
0
6
1
6
2
6
3
6
4
6
5



3.4 Effect size distributions
We constructed effect size distributions from all available effect sizes for the association 
between body odour and facial attractiveness (n = 25) and the association between body 
odour and vocal attractiveness (n = 9). In both cases, the 50th percentile values 
(average/medium effect size) are ~ 0.1 and equal to the meta-analytic averages (~ 0.1), the 
25th percentile (small/below average effect size boundary) values are ~0, and the 75th

percentile (above average/large effect size boundary) values are ~0.2. The distributions and 
percentiles for small (25th), medium (50th, median), and large (75th) effect sizes are presented 
in Fig. 5 and Table 4. 

Fig. 5. Raincloud plots for effect size distribution. Density plots show effect sizes distribution, 
boxplots show median (thick line), 25th and 75th percentile (interquartile range, box), and 
minimum and maximum (error bars); jittered dots represent individual effect sizes; dotted 
vertical line shows effect size average for each meta-analysis (left 0.104, right 0.098). 
Raincloud plots were generated in JASP (0.16.2) and edited in Adobe Photoshop CC2022.

Table 4. Effect size distributions

Congruence in
Number 

of
effects

Percentiles

25th 50th 75th

Body odour and Facial 
attractiveness

25 -0.013 0.1 0.206

Body odour and Vocal 
attractiveness

9 0.02 0.116 0.178

Table 3. Meta-analysis and heterogeneity results for between- and within-subject rating design

Rating Design k
Estimate 95% CI

p
95% PI

LL UL LL UL

Between-subject 16 0.089 -0.05 0.183 0.062 -0.155 0.334
Within-subject 9 0.146 0.036 0.256 0.009

Moderator -0.034 -0.201 0.134 0.692

Heterogeneity 
Statistics

Tau Tau2 I2 (%) H2 Q df p

Between-subject 0.115 0.0133 38.29 1.62 29.439 15 0.014
Within-subject 0 0 0 1 5.605 8 0.691

Moderator 0.087 0.0076 24.52 1.325 35.708 24 0.044
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4 Discussion 
Our results indicate that, although the association between body odour attractiveness and 
facial attractiveness is positive, the summary effect is relatively small (r ~ 0.1). We observed 
similar patterns and magnitudes of effects for female and male targets and also for the 
odour-voice attractiveness association. We suggest that body odour may provide distinct and 
non- -related qualities compared to that 
available within either facial or vocal cues. Thus, concerning perceived attractiveness, body 
odour may provide different and non-redundant cues to an individual's mating-related 
qualities compared to cues communicated through the face and voice.  

These findings contrast with those of Rikowski and Grammer (1999), who observed a strong 
positive correlation (r19 = 0.7) between facial and body odour attractiveness, but concur with 
more recent studies (Roth et al., 2021) that report a weak association between body odour, 
facial, and vocal attractiveness. Similarly, our findings are in line with those of two studies 
(Mahmut & Stevenson, 2019; Roth et al., 2021) that did not meet our  formal inclusion 
criteria due to their non-parametric, non-frequentist data analysis (Table S0-5). In a sample 
of 82 female raters and 91 male donors, Mahmut and Stevenson (2019) reported

 = 0.3 for the association between body odour and facial sexiness. Using 
Bayesian analysis with a sample of 70 participants who served as both donors and raters,
Roth et al. (2021), reported that body odour, facial, and vocal attractiveness were positively 
correlated but with small effect sizes. It is worth noting, however, that the authors discuss 
their findings of small and positive effects in favour of the backup signals hypothesis; we 
would disagree with this interpretation. The shared variability of attractiveness ratings
resulting from the summary effects across the two pairs of modalities in the present meta-
analyses was less than 1%, suggesting minimal (if any) redundancy in information 
transferred through these modalities. 

In studies concerning an association between facial and vocal attractiveness, the current 
evidence shows inconsistent results, ranging from strong positive correlations in women only 
(Abend et al., 2015; Collins & Missing, 2003; Wheatley et al., 2014) to weak (Zuckerman et 
al., 1995) or no significant associations (Zäske et al., 2020).  This range suggests that the 
overall pattern of relationships might be similar to that found in the present study between 
odour and these other modalities. However, there is currently no systematic investigation or 
meta-analysis available for the association between facial and vocal attractiveness to our 
best knowledge. 

Notes on the meta-analyses Although Figure 4 shows a stronger (over 3×) positive mean 
effect for published effects than unpublished ones, the meta-analytical mean of unpublished 
effects provides a more precise estimate: the mean effect (and over half of its 95%CI) falls 
within the 95% CI (and entirely within 95%PI) of the published effects. If the present study 
were based only on published evidence, it would thus report a stronger and less precise 
estimate of the meta-analytic effect for associations between assessments of body odour 
and facial attractiveness. Moreover, a meta-analysis of body odour and vocal attractiveness 
would not be possible as the literature search identified only a single study fulfilling the 
inclusion criteria (Roth et al., 2021 discussed above). This highlights the importance of 
considering unpublished data in quantifying effects through systematic reviews and evidence 
synthesis. 

Although we generally observed low levels of heterogeneity in our meta-analyses, they rely 
on a relatively small number of effects and the sensitivity of our analyses is correspondingly 
low. In addition, the statistical power in many of the available studies is low, due to a 
relatively small number of stimuli (Table S0-4). The average number of raters per stimuli 
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(mostly body odour stimuli) often resulted in wider corridors of rating stability (Hehman et al., 
2018b) and thus less precise estimates of mean ratings (Table S0-3). This mainly arises from 
logistical limitations related to procedures employed in body odour sampling and rating. In 
contrast to facial images and vocal recordings, body odour stimuli can be used only a limited 
number of times due to microbial transformation and signal degradation (Lenochová et al., 
2009). Furthermore, the number of odour stimuli that one rater can assess within a 
reasonable time is limited by olfactory adaptation (Köster & de Wijk, 1991). These issues 
hinder the accuracy of the present findings and represent challenges for further research. 

In addition to the meta-analytical results, the current article presents a systematic overview of 
studies conducted over the last two decades, including data collection methods, sample 
sizes, populations, and observed ratings (Tables S0-6). We also included observed effect 
size distributions  showing that commonly used correlation thresholds overestimate effect 
sizes observed in studies, where average and larger-than-average effects (50th and 75th

ased on the unpublished datasets, where 
more detailed insight can be provided, the average number of stimuli used in this type of 

two-tailed and
er). On average, in these studies, body odour, and facial 

and vocal stimuli are rated for attractiveness by ~25, 31, and 32 raters, respectively, though 
based on our corridor of stability analysis 
estimates. Overall, all three stimulus types seem to be rated with good reliability (mean 
ICC2k ~0.8), and we found no differences in reliability between stimulus types. See Tables 
S0-1, 2, 3 and 4, and ICC comparison in the Supplemental materials for further extended
details. Future research investigating the association in attractiveness rating between 
modalities could benefit from this systematic overview, including effect size distributions, to 
plan and convey magnitudes of observed effects in comparison to the body of up-to-date 
literature. 

4.1 Alternative reasons for the observed effects
It is conceivable that the associations between individual modalities are underestimated 
because (a) studies use snapshots  of an individual which might provide only a rough 
estimate of his or her mating-related qualities, and (b) these snapshots vary in duration 
across modalities. Odour stimuli are typically collected over a longer period (12-24h) and 
may, therefore, provide a more reliable quality estimate. In contrast, vocal stimuli often last 
less than 1 min. and visual images capture less than a second. Previous studies testing the 
association between body odour attractiveness and physical attractiveness assessed from 
videos found a stronger correlation (r = 0.32) compared to the association between body 
odour attractiveness and facial attractiveness (r = -0.08) (Roberts et al., 2011). Thus, 
sampling time might influence the reliability of mating-related quality estimates. A reviewer 
also argued that the reason for the weak correlation between odour attractiveness and the 
two other modalities could be higher variability in ratings of body odour, perhaps because it is 
considered that olfactory judgments are either more difficult or more subjective. However, our 
ICC analysis shows that the level of agreement is comparable across the three modalities.  

Similarly, the weak correlations that we observe between attractiveness assessments of 
different stimulus types might result from experimental (laboratory-based) settings and some 
variations in protocols. These include, for example, control over facial expressions during 
image acquisition, the volume of voice recordings, and dietary restrictions in body odour 
sampling. Although methodologically challenging, the use of more naturalistic stimuli with 
facial expressiveness, the prosody of speech and natural variation in body odour ( Roberts et 
al., 2022) may provide additional insight into the patterns of associations and congruence 
across sensory modalities investigated here. 
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Further, earlier studies reporting positive associations between attractiveness and putative 
markers of mating-related quality had failed to replicate, especially when they were based on 
small samples. Many studies that were included in the current analysis had different groups 
of participants providing attractiveness ratings of the stimulus types (between-subject rating 
design). A high inter-individual variation in attractiveness ratings in some modalities would 
lead to a weak correlation between the modalities because the target is rated by some 
people in one modality and by other people in the other. Studies using a design where each 
participant judged all stimulus types (within-subject rating design) also tend to show a weak 
correlation between the modalities, meaning that weak correlations in individual studies 
cannot be solely due to study design. 

An mating-related quality may be perceived more accurately by combining cues 
from different modalities that independently correlate with mate preferences. However, most 
studies on physical attractiveness examine the influence of individual modalities separately,
a design that lacks ecological validity because, in everyday life, we perceive others through 
multiple senses simultaneously (Groyecka et al., 2017). Similarly, the present meta-analysis 
is based on studies investigating several modalities separately, not on multimodal 
perception, which is a result of simultaneous perception across different sensory modalities. 
The resulting perception can differ qualitatively from the sum of the properties of its 
components and convey a unique message, or one modality can affect information 

concepts (Halfwerk et al., 2019; Mitoyen et al., 2019). How information based on different 
modalities contributes to overall attractiveness judgements is poorly understood (e.g., 
Ferdenzi et al., 2016). Current research into the integration of human mate preferences 
indicates that they are best described by the Euclidean model (Conroy-Beam et al., 2019).
Whether a similar pattern of integration can be expected in the case of physical 
attractiveness or whether it would follow another form, as explained by additive or threshold 
models, remains to be investigated (Csajbók et al., 2022 2022).  

4.2 Theoretical implications
-related qualities (e.g., 

in terms of health and fertility). Perceived facial attractiveness is influenced by several 
features, including symmetry, prototypicality, sexual dimorphism, adiposity, and skin 
condition. For instance, prototypicality is thought to be a marker of heterozygosity, symmetry 
a marker of developmental stability, while sexual dimorphism is a marker of sex hormone 
levels and skin quality is a marker of health status (for review, see Stephen & Luoto, 2021).
Similarly, it has been suggested that body odour may also provide information about 
heterozygosity, developmental stability, sex hormones and health 
et al., 2017). Hence, one might expect at least moderate associations between the 
attractiveness of these modalities, but  we found only weak associations. Several 
associations between attractiveness and the proposed underlying qualities were recently 
revisited (Stephen & Luoto, 2021) and others are still debated. These include links between 
hormonal profiles and facial attractiveness (Jones et al., 2021) or between body odour 
attractiveness and MHC heterozygosity . 

Visual, olfactory, and acoustic modalities may provide unique (and non-redundant) 
-related quality. Our results are in line with the 

multiple messages hypothesis but seem to provide little support for the backup signals
hypothesis. Moreover, they correspond with the majority of animal studies that have reported 
multiple traits to be unrelated, suggesting that backup signals are less common than multiple 
messages (Badyaev et al., 1998; Candolin, 2003; Kraak, 1999). We speculate that facial 
appearance primarily provides cues to more stable characteristics such as the development 
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of hormone-related secondary sexual characteristics and maturation et al., 2011; 
Whitehouse et al., 2015). In contrast, body odour may provide cues to more variable 
characteristics, such as current health (Olsson et al., 2014; Sarolidou et al., 2020) and fertility 
status . These are provocative and open 
questions that require in-depth investigations. 

In conclusion, the present study found weak congruence between attractiveness 
assessments of human body odours and those of faces or voices. These results provide little 
support for the backup signals hypothesis in explaining the use of multiple modalities in 
attractiveness assessments, but favour the multiple messages hypothesis, suggesting that 
body odour provides information about mating-related quality different from that of faces or
voices. 
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Abstract 

Assessing the attractiveness of pPotential mating partners are typically assessed for their attractiveness 
byinvolves integrating multiple sensory modalities, including the integration of olfactory, visual, and auditory 
cues. However, There have been diverging predictions diverge on how the individual modalities should 
relate to each other. According to the backup signals hypothesis, the assessment of multimodal cues 
provides redundant information, whereas the multiple messages hypothesis suggests that different 
modalities provide independent and distinctnon-redundant information about mating-related 
quality. The backup signals hypothesis predicts a positive association between assessments based onof
different modalities, whereas no substantial correlation across modalities is expected under 

. Previous studies testing the two hypotheses have provided mixed results, but a
systematic evaluation is currently missing. 

We performed a systematic review and a meta-analysis of published and unpublished studies to examine 
the congruence in assessments between human body odour and facial attractiveness, and between body 
odour and vocal attractiveness, in humans. We found positive but weak associations between 
attractiveness ratings of body odours and faces (r = 0.1, k = 25), and between body odours and voices (r =
0.1, k = 9). No sex differences were observed in the magnitudes of effects. 

Compared to judgments of facial and vocal attractiveness, our results suggest that assessments of body 
odour provides independent and non-redundant information about human mating-related qualityies. Our 
The findings of the present study thus provide little support for the backup signals hypothesis and may be 
better explained by the multiple messages hypothesis. 

Keywords 

Human; Mate choice; Body odour; Face; Voice; Perception; Attractiveness; Backup signals, Multiple 
messages 
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1 Introduction 
Across many different taxa, iIndividuals across taxa assess potential mating partners via telereceptive 
senses such as vision, olfaction, and hearing (Aglioti & Pazzaglia, 2011). Although some vertebrates 
appeartend to rely predominantly on a single sense (Arakawa et al., 2008; Candolin, 2003; Gosling & 
Roberts, 2001), mostthe majority of species, including humans, employ multiple senses (Candolin, 2003; 
Higham & Hebets, 2013) in their assessments. Frog calls, for example, are often accompanied by 
conspicuous vocal sac movements and/or water surface vibrations, whileand many bird species show 
complex, rhythmic and vigorous visual displays during courtship singingongs (for a review, see Halfwerk et 
al., 2019). 

Perceived variation in these physical The attractiveness of traits may provide information about an 
-related quality, such as health and fertility (e.g., Grammer et al., 2003; Rhodes, 2006; 

Thornhill & Gangestad, 1999b). Using a single modality in As the judgmentassessment of an
conspecific  attractiveness based on any single modality entails a certain level of error, using .

Hence, the employment of multiple sensory channels couldan enablelead to a a more reliable assessment 
(Moller & Pomiankowski, 1993). Two competing hypotheses have been proposed to explain the use of 
multiple modalities in the assessment of potential mates (Groyecka et al., 2017; Higham & Hebets, 2013).

backup signals hypothesis (Grammer et al., 2001; also coined redundant signalling, 
Moller & Pomiankowski, 1993; Thornhill & Grammer, 1999), certain cues maycan provide similar 
(redundant) information; assessing this same information in several different modalities will then tend to 
reduce error and facilitate  and therefore lead to a more accurate overall assessment of the underlying 
quality. In contrast, the multiple messages hypothesis (Cunningham et al., 1990; Moller & Pomiankowski, 
1993) suggests that each trait provides distinctunique and independent (non-redundant) information about 

mating-related quality, but in combination, these can can facilitate a more accurate 
assessment of overall individual quality than any single cue in isolation.. With all this in mindThus, weone
can make clear predictions to test between these two ideas. One can expect that if attractiveness 
assessments based on different sensory channels of redundant cues should be congruent (closely and are 
closely and positively associated, such congruence would suggest redundancy in information across traits 
and provide support for the backup hypothesis. On the other hand), wWeak or absent cross-modal 
congruence (i.e. cues conveywhile the assessment  of non-redundant information), however,cues should 
be associated weakly, if at all would support the multiple messages hypothesis. The mating-related animal 
research provided some support for both of these hypotheses. The use of backup signals of quality was 
demonstrated, for instance, in Drosophila saltans where removing one courtship component (either visual, 
auditory, chemical or tactile) did not eliminate the (Colyott et al., 2016). On the 
other hand, the study on peacock spiders (Maratus Volans) showed that both visual and vibratory signalling 
is important for mating success supporting the multiple messages hypothesis (Girard et al., 2015). Though 
overallOverall, the majority of available animal research seems to provide more evidence in favour of the 
multiple messages hypothesis (Candolin, 2003).

Most research on human mate preferences has focused on visual cues, typically by investigating people's 
assessments of facial and/or body attractiveness. Although physical appearance certainly plays a 
prominent role (Groyecka et al., 2017; Herz & Inzlicht, 2002; Walter et al., 2020), the assessment of 
attractiveness in potential mating partners is undeniably multimodal. Research suggests that, in addition to 
physical appearance, body odour and vocal cues (Hill & 
Puts, 2016; Pisanski et al., 2017; Zäske et al., 2020) also contribute substantially to humanour mate 
preferences (Groyecka et al., 2017). However, studies that examineing potential cross-modal the 
congruency and potential redundancy of attractiveness judgments across modalities are scarce. In one of 
the first such studies, Rikowski and Grammer (1999) reported a positive relationship between 
attractiveness assessments judgments faces and their body odour. They also found aA similar 
association was found in men  rated by women in the fertile phase of their 
menstrual cycle (Please note that authors assessed cycle phase based on counting methods which 
appears to be highly unreliable, see Gangestad et al., 20152016 n.d.2022). Rikowski 
and GrammerThese authors concluded that human faces and body odours provide similar information 
about -related mate qualityies. Several oOther studies have subsequently reported 
positive associations between perceived attractiveness of faces and body odours (Mahmut & Stevenson, 
2019; Roth et al., 2021; Thornhill et al., 2003; Thornhill & Gangestad, 1999a) reported similar positive 
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associations between perceived attractiveness of faces and body odours, although the strengths of some 
associations were weak, and two other studies (S. C. Roberts et al., 2011; Röder et al., 2013) found no
support for thisan association (see Table S0-6 and Figure 2). Collectively, the available studies provide 
some support for both the backup signals and multiple messages hypotheses.

In view of this, wWe set out to conducted a systematic review and meta-analysis of the relationship 
between human body odour and facial attractiveness, published studies to test between the two 
hypotheses. We and complemented thecollated the published studies and complemented these m with 
unpublished datasets to examine the evidence for the alleged congruent relationship between human body 
odour and facial attractiveness. During this process, In addition, we noticed that several of the obtained 
unpublished datasets that we obtained from researchers also contained ratings of perceived vocal
attractiveness. To our knowledge, there is only one published study (Roth et al., 2021) reporting a weak 
positive correlation between human body odour and vocal attractiveness. Therefore, we also performed 
meta-analyses of congruence between body odour and vocal attractiveness. As body odour perception and 
its relation to other modalities are still somewhat overlooked research topics, we focus our study primarily 
on the relationships between body odour attractiveness and other sensory modalities. Although being of 
interest, the investigation of the association between facial and vocal attractiveness toin a comparable 
extent (e.g. collecting both published and unpublished evidence) is beyond the scope of the current 
studyGiven our focus on relationships between body odour attractiveness and other sensory modalities, we 
did not consider the association between facial and vocal attractiveness in the current study, although this 
would also be of interest in the future.  

2 Material and methods 
2.1 Systematic review and Meta-analysis 
2.1.1 Literature search and study selection 
Following the PRISMA 2020 protocol (Page et al., 2021) and PRISM 2020 checklists (see Supplementary 
material), we conducted a systematic literature search in July 2020 to identify empirical studies reporting 
data on the associations between perceived body odour and facial and/or vocal attractiveness. We 
searched the PubMed and Web of Science (WoS) databases. Topics (WoS) and all fields (PubMed) were 
searched using the keyword combinations ,
attractiveness , and  (WoS 
search query example TS=(odour) AND TS=(face) AND TS=(attractive); PubMed search query example 
((odour[Title/Abstract]) AND (face[Title/Abstract])) AND (attractiveness[Title/Abstract]); results for each 
query and database are provided in the Supplementary material). Studies were also searched through 
cross-referencing and by direct correspondence with researchers who had published previously on body 
odour attractiveness. We contacted 13 authors, 7 of whom responded that they had no suitable data, and 6 
of whom provided data 1. Only articles and research papers written in English were reviewed. Both 
published and unpublished studies were considered. The complete list of search results is reported in Table 
S0-5 - Systematic literature search and Prisma Flow diagram (Supplementary material). 

2.1.2 Inclusion criteria 
A two-step selection process was adopted. First, titles and abstracts of studies identified by the search 
were screened for inclusion by one team member (VT). Studies were included if they met eachall of the 
following criteria: focused on humans (not other species); included ratings of body odour samples, and
either facial photographs orand/or voice recordings (or both); provided data about perceived body odour 
attractiveness, and perceived facial and/or vocal attractiveness of the target participants. Second, all
entries reporting the relevant data or unclear about reporting the relevant data were screened against the 
same criteria, where their full texts were examined for suitability. See the PRISMA 2020 Flow Diagram and 
Table S0-5 containing all selection steps in the Supplementary material for further details. 

Studies were excluded from the meta-analysis if the key data were collected (perceived body odour and 
facial or voice attractiveness) were collected, but the relevant analyses were not conducted or not reported,

                                                
1 All authors who provided unpublished data were offered co-authorship of the resulting manuscript. Their involvement 
in the study is described in the Author Contributions list. 
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unless the authors provided respective effect sizes or raw data for effect size calculations after we 
contacted them (7 authors contacted, 6 replied providing data).  

r (correlation coefficient) as a measure of the effect size of the association between 
body odour and facial and/or vocal attractiveness. We excluded studies reporting effect size measures that 
could not be were inconvertedible in r and/or were not available from the authors. 

For further details, sSee the PRISMA 2020 Flow Diagram and Table S0-5 (in the Supplementary material)
that containsing all selection steps in the Supplementary material for further details. 

2.1.3 Data extraction 
Data extracted from the selected studies are reported in Table S0-6 - Summary of published and 
unpublished data. Two research team members (VT and JTF) individually extracted the data, summarised 
them, and verified their validity. 

2.1.4 Analysis 
All statistical tests within this article were performed in jamovi (The jamovi project, 2021). We used the 
MAJOR (Hamilton, 2021) jamovi module to perform a correlation coefficients meta-analysis, following 
recommendations by Harrer et al. (2021a). The correlation coefficients of the associations between 
perceived body odour and facial attractiveness and body odour and vocal attractiveness were converted 

-to-z transformation and accompanied by their 95% confidence intervals. The -to-z
transform is the recommended procedure for correcting for bias in studies with small sample sizes (Harrer 
et al., 2021a)2. Separate meta-analyses were performed for correlations between each pair of stimuli (body 
odour  facial attractiveness and body odour  voice attractiveness). We performed each meta-analysis 
first for both target sexes combined and then separately for each target sex; the results for both sexes 
combined are reported in the main text, and the results for each sex are provided in the Supplementary 
material (Table S0-7 - Supplementary Meta-analyses results). We assumed that variation in effect sizes 
between studies was due to sampling error of true effect sizes orand because of other (e.g., 
methodological) differences between studies. Therefore, we used the random-effects model with a 
restricted maximum-likelihood estimator (Harrer et al., 2021b) for heterogeneity statistics (Tau2).
Heterogeneity examines whether variation in the observed correlations results from sampling error. 
Cochran's Q (which tests whether effect size variability across samples is larger than would be expected by 
sampling error) and I2 (which indicates the percentage of variability due to true heterogeneity; I2 values of 
25% are considered low, 50% moderate, and 75% high variability; (Higgins et al., 2003) were computed to 
quantify the proportion of variance in the observed effects attributable to sampling error (i.e., the extent to 
which true effect sizes vary within a meta-analysis) (Harrer et al., 2021b). In the case of heterogeneity, the 
meta-analytic results are reported with their 95% prediction intervals (PI). We inspected small-study effects 
and between-study heterogeneity using contour-enhanced funnel plots and  for 
funnel plot asymmetry (Harrer et al., 2021b); this test was carried out only for the association between 
perceived body odour and facial attractiveness as its usage is recommended when the number of studies 
(k) is  (Harrer et al., 2021b; Sterne et al., 2011). To explore potential biases in published vs 
unpublished effects, we tested the moderator effect and performed separate meta-analyses for published
and unpublished effects. Lastly, we also explored the potential moderating effect of the rating design 
(between- and within-subject design) on observed meta-analytic estimates. These comparisons were 
carried out only for the association between perceived body odour and facial attractiveness, as both 
published and unpublished effects were available for this association, and the number of available studies 

.  

2.1.5 Power analysis 
We performed analyses of statistical power for the meta-analytic effects in both meta-analyses following 
(Quintana, 2015; Quintana & Tiebel, 2019). We conducted a sensitivity analysis to estimate what meta-
analytical average effects we have the power to observe with the resulting number of effects per meta-
analysis, the average number of stimuli per study (within a given meta-analysis) error rates (p 
                                                
2 Another approach is to use bias- -to-z
transforms. We further ran the two presented meta-analyses with bias-corrected correlations for transparency and 
comparison between other meta-analyses and their effect size treatments; the analyses are reported in the 
Supplementary material. Both analyses produced essentially the same results with marginally smaller AIC values for 

-to-z transformed data.
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-tailed tests, 1- ), and for potentially low, moderate, and high 
heterogeneity of the effects (Higgins et al., 2003) (Figure 1). 

2.1.6  Effect size distributions 
We calculated effect size distributions (ESD) (e.g. Brydges, 2019; Gignac & Szodorai, 2016; Lovakov & 
Agadullina, 2021; Nordahl-Hansen et al., 2022; Quintana, 2017) for both investigated associations (body 
odour  facial attractiveness and body odour  voice attractiveness). Alongside meta-analytic averages, 
ESD can facilitate more accurate power analyses to determine sample and effect sizes when planning 
future research in a particular area. However, ESD primarily allows for the determination of empirically-
based normative guidelines. Thus, (1988) traditional

ct), ESD serves as an 
evidence synthesis derived, field-specific benchmark against which effects from individual studies are 
compared (e.g., whether the observed effect size in a particular study is smaller, average/medium, or larger 
than in similar studies). We emphasise that the ESD provides effect size comparison with similar studies 
but is not designed to quantify the practical significance of observed effects. 

To examine the distribution of correlation coefficient effect sizes, we calculated the 50th percentile, 
representing the average effect size, and the 25th and 75th percentiles, as these are equidistant from the 
average effect size representing small and larger effects size boundaries, respectively (Cohen, 1992; 
Quintana, 2017). 

2.2 Analysis of the unpublished studies 
Ten unpublished datasets (further referred to as Studies 1-10) were secured through personal 
communication. Data on the association between perceived body odour and facial attractiveness were 
available in all studies; five studies (Study 2, 5, 6, 7, 10) also included data on voice attractiveness. The 
Supplementary material contains a detailed description of the methods and results of each study, means 
per target (Table S0-1 - Means per target), and means per modality (Table S0-2 - Means per modality). 

2.2.1 The stability and precision of mean rating estimates 
To assess whether the number of ratings for each stimulus type within Studies 1-7, 9, 10 and part of Study 
8 provided stable estimates, we calculated the point of stability (POS, a point at which means do not 
substantially change with additional observations) within a corridor of stability of a mean (COS) (Hehman et 
al., 2018a; Schönbrodt & Perugini, 2013) in R x64 (R Core Team & Team, 2019) via RStudio (R Core 
Team, 2021). We used the settings following Hehman et al. (2018a): for the 1-7 scale (Studies 1 4, 7, 9), 
the POS was specified as 95% CI of observed values falling within ± 0.5 points (approximately 14 %) 
(Fialová et al., 2020), for the 9-point scale (Study 5, -4 to +4 scale used for odour ratings) within ± 0.6 
points (~ 14%), for the 0 1000 scale (Study 6) we set POS at 95% CI within ± 70 points (~ 14%), for the 1
10 scale (Study 8, the replication sample) we set POS at 95% CI within ± 0.7 points (~ 14%) and for the 1-5
scale (Study 10) we set POS at 95% CI within ± 0.35 points (~ 14%). 

This analysis provided an estimate of the number of raters required to reach predefined POS (and allowed 
a comparison with the number of raters recruited and an estimation of the size of the 
We further calculated the mean rating precision each study reached with a COS of 95% CI, see Table S0-3
- Point of stability and Intra-class Correlation Coefficients (ICC) in the Supplementary material.  

2.2.2 Assessment of inter-rater reliability 
To assess inter-rater reliability for each stimulus type in Studies 1-7, 9, 10 and part of Study 8, we 
calculated the ICC (Koo & Li, 2016) using Reliability analysis in the SimplyAgree (version 0.0.2) jamovi 
module. We used a two-way random model for average agreement (type ICC2k) and followed 
recommended thresholds for values less than 0.5 as indicative of poor reliability, values between 0.5 and 
0.75 as being of moderate reliability, values between 0.75 and 0.9 indicating good reliability and values 
greater than 0.9 indicating excellent reliability (Koo & Li, 2016). See Table S0-3  Point of stability and ICC 
in the Supplementary material for individual ICC values. 

Further, using a linear mixed-effect model, we explored differences in ICCs for different stimulus types. 
Results are reported in the Supplementary material (ICC comparison). 
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2.2.3 Perceptual differences between rating sessions, side-related armpit differences, and an 
association between short- and long-term attractiveness ratings 

In Studies 1, 2, 5, and 7, ratings were recorded in multiple sessions. To test for potential differences 
between sessions, we specified linear mixed-effect models. Attractiveness rating (for a specific modality) 
was set as the dependent variable, the number of sessions as a fixed effect factor, and both the rater and 

 (example model syntax: Odour attractiveness rating ~ session + ( 
1 | rater ID ) + ( 1 | target ID ) ). 

The raters in Study 5  body odour samples from both armpits (separately, 
as two stimuli). Therefore, we used a bivariate correlation analysis (on aggregated ratings per armpit and 
target participant) to assess the association between the ratings of the two odour samples. 

In several studies, body odour (Study 6-1, 6-2), facial (Study 4, 5, 6-1, 6-2, 9), and vocal stimuli (Study 6-1, 
6-2) were rated for short- and long-term attractiveness. We used a bivariate correlation analysis (on 
aggregated ratings per scale type and target participant) to assess the association between these two 
scales. We initially set r (Brown, 2006) as the level at which we considered the two attractiveness 
scales as highly correlated and thus difficult to discriminate. In fact, rRatings of short-term and long-term 
attractiveness were highly positively correlated with all r , thus fulfilling our criteria to consider the 
two ratings numerically interchangeable. We therefore used tThe long-term attractiveness ratings were 
used for the subsequent analyses and labelled these simply as attractiveness . 

All linear mixed effect models were run using GAMLj jamovi module (Gallucci, 2021) with REML fit; fixed 
, and covariate scaling was

For the individual results, see the Methods and Results of each study in the Supplementary material. 

2.2.4 Association between attractiveness of different modalities  
Previous research reported positive associations between the attractiveness of body odour and facial 
images (Rikowski & Grammer, 1999; Thornhill et al., 2003; Thornhill & Gangestad, 1999a). Therefore, we 
ran one- r us
type and per participant, i.e., the mean rating of a participant was the unit of analysis) between odour and 
face, and between odour and voice pairs, within each dataset. The resulting correlation coefficients are 
reported with 95% CI [Lower limit, 1]. 

2.2.5 Power analysis 
The current study used data from previous studies; therefore, we calculated the sensitivity to detect effects 
and their critical values for Exact Correlation (Bivariate normal model) using G*Power (Erdfelder et al., 
2009; Faul et al., 2007). The parameters were set to a one-

 error probability (p = 0.05) and 5% probability (1- error 
probability = 0.95 Power)3. For the sensitivity of individual studies, including observed effects and the power 
curves plot, see Table S0-4 - Power analysis, and Figure S0-1 ibid in the Supplementary material. 

2.3 Data Availability and Supplemental materials 
All dDatasets, tables of descriptive statistics, detailed descriptions of methods and statistical analyses of 
individual studies, literature review and meta-analysis methods, and jamovi outputs for all performed 
analyses are all available in the Supplementary material. 

3 Results 
We extracted 25 effects for the relationship between body odour attractiveness and facial attractiveness,
and 9 effects for body odour attractiveness and vocal attractiveness (Table S0-6). These were , based on 
ten unpublished datasets and four published studies describing the association between body odour 
attractiveness and facial attractiveness, and between body odour attractiveness and vocal attractiveness 
(from 92 search results, see Table S0-5). The results reported below are based on 1001 target stimuli and 
1350 raters. 

                                                
3We decided to choose a 1:1 ratio of the Type I and II error rates for all performed analyses, as we see committing 
both errors as of equal significance in this instance. 
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3.1 Sensitivity to observe meta-analytical effects 
With the 25 effects and an average sample size of 46 targets per group in the meta-analysis on the 
relationship between body odour and facial attractiveness, we reached a sensitivity to observe effects (with 

(Figure 1  left). 

In the case of the meta-analysis on the relationship between body odour and vocal attractiveness, with 9
effects and an average sample size of 51 targets per group, we reached a sensitivity to observe effects 

respectively (Figure 1  right). 

Hence, effects smaller than those estimated by our sensitivity analysis would be observed with statistical 
power below 95%, following the associated curves in Fig. 1. For example, if the meta-analysis on the 
relationship between body odour and facial attractiveness would have small heterogeneity and observed 
effects of 0.2, 0.1, or 0.05, it would have ~99%, ~55%, or ~17% power to observe them, respectively. 

Fig. 1. Power curves for the sensitivity to detect meta-analytic effects as a function of heterogeneity. The 
plots left plot displays the sensitivity analysis for the meta-analysis of congruence between body odour and 
facial attractiveness (left panel) and between . The right plot shows the sensitivity analysis for the meta-
analysis of congruence between body odour and vocal attractiveness (right panel). Black solid, medium 
grey dashed, and light grey dotted curves represent low, moderate, and high heterogeneity. Power curve 
plots were generated in MS Excel 365 following (Quintana, 2015; Quintana & Tiebel, 2019) and edited in 
Adobe Photoshop CC2022. 

Association between body odour and facial attractiveness
All 25 effects were included in the meta-analysis on the association between body odour and facial 
attractiveness. The observed correlation coefficients ranged from -0.436 to 0.867, with the majority of 
estimates (68%) above zero. The meta-analytical mean showed a statistically significant, weak positive 
correlation coefficient of 0.104 [0.034, 0.174], Z = 2.93, p = 0.003 (Table 1, Figures 2 and, 3). Although 
Cochran's Q test was not statistically significant, the effect tends to vary across the studies (Q24 = 35.945, p 
= 0.056), with small heterogeneity (Quintana & Tiebel, 2019) of about 22% attributable to sampling error. 
Based on the 95% Prediction Interval, the true outcome is expected to be between -0.069 and 0.277. 
Results of the asymmetry in the funnel plot 0 = 0.803, p = 0.422, Figure 3). 
For female (k = 8) and male (k = 17) targets, the meta-analytical means were 0.163 [0.011, 0.314] and 
0.086 [0.005, 0.168], respectively (Table S0-7 - Supplementary meta-analyses results). 

Fig. 2. Forest plots for congruence meta-analyses. Squares represent weighted mean effects of individual 
studies, and error bars their 95% confidence intervals. Diamonds represent summary effects, their width 
the 95% confidence intervals, and dashed error bars their 95% prediction intervals. *Female raters in fertile, 
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**non-fertile phase of their menstrual cycle, and °hormonal contraception users. Summary effects are 
-transformed correlation coefficients with 95% confidence intervals and in 

heterogeneous effects also followed with 95% prediction intervals. Forest plots were generated in jamovi, 
and edited in Adobe Photoshop CC2022. 
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Fig. 3. Funnel plots for congruence meta-analyses. Area outside the contour-enhanced
funnels represent p values < 0.01, dark grey areas p values between 0.01 and 0.05, light 
grey p values between 0.05 and 0.1, and areas inside the funnel p values > 0.1. Full circles 
illustrate published and empty circles unpublished studies. Dashed lines show summary 
effect sizes; Y-axis is the standard error of the  Funnel plots were generated in 
jamovi, and edited in Adobe Photoshop CC2022. 

3.2.1 Comparison of published and unpublished effects 
Considering only the published effects (k = 10), the meta-analytical mean showed a positive 
correlation coefficient of 0.185 [0.041, 0.328] with a moderate level of heterogeneity (50%). 
Based on a 95% Prediction Interval, the true outcome thus can be expected between -0.156 
and 0.526 (Table 2, Figure 4). When only the unpublished effects (k = 15) are considered, 
the meta-analytic mean is 0.052 with 95% CI [-0.024, 0.128] overlapping 0, and 0% 
heterogeneity (Table 2, Figure 4). When the publication status (published/unpublished) is 
used as a moderator, its effect is statistically non-significant (estimate = -0.128 [-0.259, 
0.004], p = 0.057, heterogeneity I2 = 10.25%). 

Fig. 4. Comparison of meta-analytic averages between published and unpublished effects. 
Black circles represent mean effects. Thick error bars their 95% CI and thin error bar 95% PI. 
Due to observed heterogeneity only in the published effects, the mean effect is accompanied 
by 95% PI. The plot was generated in Adobe Photoshop CC2022. 
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3.2.2 The effect of rating design 
For studies (k = 16) using a between-subject rating design (different groups of participants 
provide attractiveness ratings for different stimulus types), the meta-analytical mean estimate 
for body odour and facial attractiveness was 0.089 with 95% CI [-0.05, 0.183] overlapping 
zero (I2 = 38.29%). Studies (k = 9) using a within-subject rating design (each participant 
judged both stimulus types) also showed a weak positive association between the modalities, 
0.146 [0.036, 0.256] (I2 = 0%), (Table 3). When the rating design was used as moderator, its 
effect is statistically non-significant (estimate = -0.034 [-0.201, 0.134], p = 0.692, I2 = 0%), 
Table 3.

3.3 Association between body odour and vocal attractiveness
The association between body odour and vocal attractiveness (k = 9) was weakly positive 
and statistically significant. The observed correlation coefficients ranged from -0.189 to 
0.297, with the majority of estimates (89%) above zero. The meta-analytical mean estimate 
was 0.098 [0.004, 0.192] with Z = 2.038, p = 0.041 (Table 1, Figures 2 and, 3 Q
(Q8 = 4.8, p = 0.779) indicated that the effect did not vary between studies, with 0% of the 
observed effect attributable to sampling error. Considering females and males separately,
the meta-analytical means were 0.143 [0.024, 0.263] for female targets (k = 5) and 0.024 [-
0.128, 0.177] for male targets (k = 4) (Table S0-7 - Supplementary Meta-analyses results).
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3.4 Effect size distributions
We constructed effect size distributionsESD from all available effect sizes for the association 
between body odour and facial attractiveness (n = 25) and the association between body 
odour and vocal attractiveness (n = 9). In both cases, the 50th percentile values 
(average/medium effect size) are ~ 0.1 and equal to the meta-analytic averages (~ 0.1), the 
25th percentile (small/below average effect size boundary) values are ~0, and the 75 th

percentile (above average/large effect size boundary) values are ~0.2. The effect size 
distributions and effect percentiles for small (25th), medium (50th, median), and large (75th)
effect sizes are presented in Fig. 5 and Table 4. 

Fig. 5. Raincloud plots for Eeffect size distribution. Density plots show effect sizes 
distribution, Bboxplots show median (thick line), 25th and 75th percentile (interquartile range, 
box), and minimum and maximum (error bars); jittered dots represent individual effect sizes; 
dotted vertical line shows effect size average for each meta-analysis (left 0.104, right 0.098). 
Raincloud plots were generated in JASP (0.16.2) and edited in Adobe Photoshop CC2022.

Table 4. Effect size distributions

Congruence in
Number 

of 
effects

Percentiles

25th 50th 75th

Body odour and Facial 
attractiveness

25 -0.013 0.1 0.206

Body odour and Vocal 
attractiveness

9 0.02 0.116 0.178

Table 3. Meta-analysis and heterogeneity results for between- and within-subject rating design

Rating Design k
Estimate 95% CI

p
95% PI

LL UL LL UL

Between-subject 16 0.089 -0.05 0.183 0.062 -0.155 0.334
Within-subject 9 0.146 0.036 0.256 0.009

Moderator -0.034 -0.201 0.134 0.692

Heterogeneity 
Statistics

Tau Tau2 I2 (%) H2 Q df p

Between-subject 0.115 0.0133 38.29 1.62 29.439 15 0.014
Within-subject 0 0 0 1 5.605 8 0.691

Moderator 0.087 0.0076 24.52 1.325 35.708 24 0.044
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4 Discussion 
Our The results of the current study indicate that, although the association between body 
odour attractiveness and facial attractiveness is positive, the summary effect is relatively 
small (, with r ~ 0.1, and this is further supported by the ESD (Fig. 5). We observed similar 
patterns and magnitudes of effects for female and male targets and also for the odour-voice 
attractiveness association. We suggest that body odour may provide distinct and non-

-related qualities compared to that 
available within either facial or vocal cues. Our results are in line with the multiple messages
hypothesis but seem to provide little support for the backup signals hypothesis.Moreovwer, 
they correspond reported,(Badyaev et al., 1998; Candolin, 2003; Kraak, 1999)Thus Thus, we
suggest that body odour attractiveness and facial and vocal attractiveness may provide 
distinct diverse and non-redundant information aboutcues to  mating-related 
qualities compared to that available within either facial or vocal cues.Thus, in terms ofC,
concerning perceived attractiveness, body odour may provide different and non-redundant 
cues to an individual's mating-related qualities compared to cues communicated through the 
face and voice.  

These findings of the present study are in contrast with those of Rikowski and Grammer 
(1999), who observed a strong positive correlation (r19 = 0.7) between facial and body odour 
attractiveness, but concur with more recent studies (Roth et al., 2021) that reporting a
weaksmall association between body odour, facial, and vocal attractiveness. Similarly, our 
findings are in line with those of two studies (Mahmut & Stevenson, 2019; Roth et al., 2021),
thatwhich did not meet ourthe present  meta-analysis' s formal inclusion criteria due to their 
non-parametric, non-frequentist data analysis (Table S0-5). In a sample of 82 female raters 
and 91 male donors, Mahmut and Stevenson (2019) reported = 0.3 for the 
association between body odour and facial sexiness. Roth et al. (2021), uUsing Bayesian 
analysis with a sample of 70 participants who served as both donors and raters, Roth et al. 
(2021), ureported that body odour, facial, and vocal attractiveness were positively correlated
but with small effect sizes. It is worth noting, however, that tThe authors discuss their findings 
of small and positive effects in favour of the backup signals hypothesis; we would disagree 
with this interpretation. However, tThe shared variability of attractiveness ratings resulting 
from the summary effects across the two pairs of modalities in the present meta-analyses 
was less than 1%, in our view suggesting minimal (if any) redundancy in information 
transferred through these modalities. 

In studies concerning an association between facial and vocal attractiveness, the current 
evidence shows inconsistent results, ranging from strong positive correlations in women only 
(Abend et al., 2015; Collins & Missing, 2003; Wheatley et al., 2014) to weak (Zuckerman et 
al., 1995) or no significant associations (Zäske et al., 2020).  between the two, This range 
suggestsing that the overall pattern of relationships might be similar to that found in of the 
present study between odour and these other modalities. However, there is currently no 
systematic investigation or meta-analysis available for the association between facial and 
vocal attractiveness to our best knowledge.

4.1 Notes on the meta-analyses
Although Figure 4 shows a stronger (over 3×) positive mean effect for published effects than 
unpublished ones. However, , the meta-analytical mean of unpublished effects provides a 
more less precise estimate:  than unpublished effects. Tthe mean meta-analytic effect of 
unpublished effects (and over half of its 95%CI) falls within the 95% CI (and entirely within 
95%PI) of the published effects. If the present study were based only on published evidence, 
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it would thus report a stronger and less precise estimate of the meta-analytic effect for 
associations between assessments of body odour and facial attractiveness. Moreover, a 
meta-analysis of body odour and vocal attractiveness would not be possible as the literature 
search identified only a single study fulfilling the inclusion criteria (Roth et al., 2021 discussed 
above). This highlights the importance of considering unpublished data in quantifying effects 
through systematic reviews and evidence synthesis. 

There are some limitations to the present study. Although ThoughAlthough we generally 
observed low levels of heterogeneity in our meta-analyses, they rely on a relatively small 
number of effects and reducing the sensitivity of our analyses is correspondingly low. In 
addition, the statistical power in many of the available studies is low, due to a relatively small 
number of stimuli (Table S0-4). The average number of raters per stimuli (mostly body odour 
stimuli) often resulted in wider corridors of rating stability (Hehman et al., 2018b) and , thus 
less precise estimates of mean ratings (Table S0-3). This mainly arises from logistical 
limitations related to procedures employed in body odour sampling and rating. In contrast to 
facial images and vocal recordings, body odour stimuli can be used only a limited number of 
times due to microbial transformation and signal degradation (Lenochová et al., 2009).
FurthermoreAlso, the number of odour stimuli that one rater can assess within a reasonable 
time is limited by olfactory adaptation (Köster & de Wijk, 1991). These issues hinder the 
accuracy of the present findings and represent challenges for further research. 

In addition to the meta-analytical results, the current article presents a systematic overview of 
studies conducted over the last two decades, including data collection methods, sample 
sizes, populations, and observed ratings (Tables S0-6). We also included observed effect 
size distributions (e.g., effect size distributionsESD for individual differences, see Gignac & 
Szodorai, 2016; for distributions in ESD for social psychology, see Lovakov & Agadullina, 
2021) showing that commonly used correlation thresholds overestimate effect sizes 
observed in studies, where average and larger-than-average effects (50th and 75th percentile, 

detailed insight can be provided, the average number of stimuli used in this type of research 
is ~46 giving us sensitivity to observe co two-tailed and 95% power, 

stimuli are rated foron attractiveness by ~25, 31, and 32 raters, respectively, though based
on our corridor of stability analysis to be needed for more precise 
estimates. Overall, all three stimulus types seem to be rated with good reliability (mean 
ICC2k ~0.8), and we found no differences in reliability between stimulus types. See Tables 
S0-1, 2, 3 and 4, and ICC comparison in the Supplemental materials for further extended 
details. Future research investigating the association in attractiveness rating between 
modalities could benefit from this systematic overview, including effect size distributions
ESDs, to plan and convey magnitudes of observed effects in comparison to the body of up-
to-date literature. 

4.24.1 Alternative reasons for the observed effects
It is conceivable that the associations between individual modalities are underestimated 
because (a) studies use snapshots  of an individual which might provide only a rough 
estimate of his or her mating-related qualities, and (b) these snapshots vary in duration 
across modalities. Odour stimuli are typically collected over a longer period (12-24h) and 
may, therefore, provide a more reliable quality estimate. In contrast, vocal stimuli often last 
less than 1 min. and visual images capture less than a second. Previous studies testing the 
association between body odour attractiveness and physical attractiveness assessed from 
videos found a stronger correlation (r = 0.32) compared to the association between body 
odour attractiveness and facial attractiveness (r = -0.08) (Roberts et al., 2011). Thus, 
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sampling time might influence the reliability of mating-related quality estimates. A reviewer 
also One may further argued that the reason for the weak correlation between odour 
attractiveness and the two other modalities could beis the  higher variability in ratings of body 
odour, perhaps because it is considered that olfactory judgments are either more difficult or 
more subjective ratings. However, our ICC analysis shows that the level of agreement is 
comparable across the three modalities.  

The Similarly, the weak correlations that we observe between attractiveness assessments of 
different stimulus types observed here might also result from experimental (laboratory-based) 
settings and some variations in protocols. These include, for example, control over facial 
expressions during image acquisition, the volume of voice recordings, and dietary restrictions 
in body odour samplings. AlTthough methodologically challenging, the use ofusing more 
naturalistic stimuli with facial expressiveness, the prosody of speech and natural variation in 
body odour (S. Roberts et al., 2022) may provide additional insight into the patterns of 
associations and congruence across sensory modalities investigated here. 

Further, Eearlier studies reporting positive associations between attractiveness and putative 
markers of mating-related quality had failed to replicate, especially when they were based on 
small samples. Many studies that were included in the current analysis had different groups 
of participants providing attractiveness ratings of the stimulus types (between-subject rating 
design). A high inter-individual variation in attractiveness ratings in some modalities would 
lead to a weak correlation between the modalities because the target is rated by some 
people in one modality and by other people in the other. Studies using a design where each 
participant judged all stimulus types (within-subject rating design) also tend to show a weak 
correlation between the modalities, meaning that weak correlations in individual studies 
cannot be solely due to study design. . 

An biological mating-related quality may be perceived more accurately by 
combining cues from different modalities that independently correlate with mate 
preferencesmating-related quality measures. However, most of the studies on physical 
attractiveness examine the influence of individual modalities separately, a design that lacks 
ecological validity because, in everyday life, we perceive others through multiple senses 
simultaneously (Groyecka et al., 2017). Similarly, the present meta-analysis is based on 
studies investigating several modalities separately, not on multimodal perception, which is a 
result of simultaneous perception across different sensory modalities. The resulting 
perception can differ qualitatively from the sum of the properties of its components and 
convey a unique message, or one modality can affect information transmitted by the other 
modal
al., 2019; Mitoyen et al., 2019). How information based on different modalities contributes to 
overall attractiveness judgements is poorly understood (e.g., Ferdenzi et al., 2016). Current
research into the integration of human mate preferences indicates that they are best 
described by the Euclidean model (Conroy-Beam et al., 2019). Whether a similar pattern of 
integration can be expected in the case of physical attractiveness or whether it would follow 
another form, as explained by additive or threshold models, remains to be investigated 
(Csajbók et al., n.d.2022 n.d.2022).  

4.34.2 Theoretical implications
It has been proposed that attractiveness reflects -related qualities (e.g., 
in terms of health and fertility). Perceived facial attractiveness is influenced by several 
features, including symmetry, prototypicality, sexual dimorphism, adiposity, and skin 
condition. For instance, prototypicality is thought to be a marker of heterozygosity, symmetry 
a marker of developmental stability, while sexual dimorphism is a marker of sex hormone 
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levels, and skin quality is a marker of health status (for review, see Stephen & Luoto, 2021).
Similarly, it has been suggested that body odour may also provide information about 
heterozygosity, developmental stability, sex hormones and health (for revi
et al., 2017). Hence, one mightshould expect at least moderate associations between the 
attractiveness of these modalities, but . However, the current study we found only weak 
associations between these modalities. Several associations between attractiveness and the 
proposed underlying qualities were recently revisited (Stephen & Luoto, 2021) and others are 
still debated. These include links between hormonal profiles and facial attractiveness (Jones 
et al., 2021) or between body odour attractiveness and MHC heterozygosity 
2020). 

Our results suggest thatV vVisual, olfactory, and acoustic modalities may provide unique 
(and non- -related quality. Our results are 
in line with the multiple messages hypothesis but seem to provide little support for the 
backup signals hypothesis. Moreover, they correspond with the majority of animal studies 
that have reported multiple traits to be unrelated, suggesting that backup signals are less 
common than multiple messages (Badyaev et al., 1998; Candolin, 2003; Kraak, 1999). We 
speculate that facial appearance primarily provides cues to more stable characteristics such 
as the development of hormone-related secondary sexual characteristics and maturation 

. In contrast, body odour may provide cues 
to more variable characteristics, such as current health (Olsson et al., 2014; Sarolidou et al., 
2020) and fertility status . These are 
provocative and open questions that require in-depth investigations. 

In conclusion, the present study found weak congruence between attractiveness 
assessments of human body odours and those of faces or voices. These results provide little 
support for the backup signals hypothesis in explaining the use of multiple modalities in 
attractiveness assessments, but favour the multiple messages hypothesis, suggesting that 
body odour provides information about mating-related quality different from that of faces or
voices. 
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