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A B S T R A C T   

This study investigated the link between individuals’ 2D:4D digit ratio (a biomarker associated with prenatal 
testosterone exposure) and their inclination to make masculine food choices. Furthermore, the study investigated 
whether this potential association would be moderated by consumers’ levels of hunger (vs. satiation). Partici-
pants (N = 216; 50% female) made a set of binary food choices between items pretested to be perceived as 
masculine (vs. feminine) and indicated the lengths of their second (2D) and fourth (4D) digits (i.e., index and ring 
fingers), which were used to calculate their 2D:4D digit ratios. Additionally, they self-reported their self- 
perceived gender identity and their subjective sense of hunger (vs. satiation). The results revealed that low, 
masculine digit ratios had no overall impact on masculine food choices. However, among both men and women 
and irrespective of their self-perceived gender identity, hungry (vs. satiated) participants with masculine digit 
ratios made more masculine food choices. Thus, although digit ratios did not act as an antecedent of participants’ 
general tendency of making masculine food choices, the specific visceral state of hunger interacted with par-
ticipants’ digit ratios to predict choices of masculine foods. Taken together, these findings expand the knowledge 
on when and how prenatal exposure to sex hormones may affect consumers’ food preferences and in which 
specific way a particular visceral state may moderate the link between biologically based factors and consumer 
choice.   

1. Introduction 

Physiological factors constitute a major component of variations in 
human psychology, cognition, and behavior. Hence, biomarkers and 
bodily cues acting as antecedents of consumers’ judgments and decision- 
making processes have received extensive attention in psychology and 
consumer research (for a review, see Stanton, 2017). For instance, 
studies have shown that prenatal exposure to testosterone may be linked 
to increased risk-taking and elevated levels of aggression (Archer, 2006) 
and, at least among men, to purchases of products with a particularly 
masculine gender image (Aspara & Van Den Bergh, 2014). However, 
while the link between sex hormones and human behavior is fairly well- 
established, albeit admittedly debated, few studies in the food science 
literature have investigated whether biomarkers, such as the 2D:4D digit 
ratio (i.e., the ratio between the length of an individual’s index and ring 
finger), may predict consumers’ food preferences and choice behavior. 

Motivated by the above-mentioned lack of research, the main 
objective of this study was to investigate if a proxy for prenatal testos-
terone exposure (i.e., the 2D:4D digit ratio) would be related to in-
dividuals’ food choices and whether this potential association would be 
moderated by resource scarcity in the form of hunger. Our work con-
tributes to the literature by identifying how biologically based factors 
may operate to impact consumers’ choices of foods with a certain gender 
image (masculine versus feminine). Specifically, we find that resource 
scarcity in the form of hunger regulates when such factors are predictive 
of consumers’ choice behavior. Hence, we provide further evidence for 
the “challenging situation”-framework, wherein various challenges (e. 
g., threats, competition for resources, and bodily states related to 
resource scarcity) may determine whether and when biomarkers linked 
to prenatal sex hormone exposure will play a role in predicting prefer-
ences and purchase patterns (Millet, 2011; Nepomuceno et al., 2019; 
Otterbring et al., 2018). Beyond its theoretical contribution, our work 
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also offers practical implications relevant to marketers who strive to 
develop individualized promotions for food products with a clear gender 
image. 

2. Theory and hypotheses 

Given that low digit ratios are associated with high prenatal testos-
terone exposure, such low (masculine) digit ratios tend to be more 
common in men, while high (feminine) digit ratios appear more 
frequently in women (Manning et al., 1998). However, although meta- 
analytic reviews have documented an average sex difference in digit 
ratios representing a small-to-moderate effect size (Hönekopp & Wat-
son, 2010), there is a large heterogeneity on this metric, which means 
that many men have a rather feminine digit ratio, while several women 
have a masculine digit ratio. Overall, low digit ratios are positively 
associated with a wide range traits and behaviors that can be concep-
tualized as masculine (e.g., aggression, dominance, competitiveness, 
risk-taking), whereas high digit ratios reflect the opposite and, hence, 
relate to features than can be perceived as feminine (e.g., Manning et al., 
2017). Applying this general logic to the food domain and considering 
the existing evidence suggesting some links between digit ratios and 
consumer behavior (for reviews, see Apicella et al., 2015; Stanton, 
2017), we predict that consumers with more masculine (vs. feminine) 
digit ratios will exhibit a greater preference for food alternatives that can 
be perceived as masculine (vs. feminine). Consequently, we hypothesize: 

H1: Masculine (vs. feminine) digit ratios are positively associated 
with consumers making more masculine food choices. 

However, several studies have demonstrated that the link between 
individuals’ digit ratios, on the one hand, and their attitudes, prefer-
ences, and behaviors, on the other hand, is particularly potent, and 
sometimes only apparent, in the presence of various challenging situa-
tions (Nepomuceno et al., 2019; Millet, 2011). These situations may 
include threats as well as competition for status or resources (Millet & 
Buehler, 2018; Otterbring et al., 2018; Ryckmans et al., 2015). There-
fore, we predict that the link between masculine (vs. feminine) digit 
ratios and more masculine food choices should be moderated by in-
dividuals’ levels of hunger, since hunger can be conceptualized as a 
challenging situation that is crucial for survival and requires resource 
acquisition. As such, the potential link between digit ratios and gender- 
congruent food choices should be amplified under conditions of hunger. 
Therefore, we hypothesize: 

H2: Hunger moderates the link between digit ratios and consumers’ 
food choices, such that hungry (vs. satiated) consumers with masculine 
(vs. feminine) digit ratios should be particularly prone to make more 
masculine food choices. 

3. Methodology 

A mixed student/community sample consisting of 216 Chinese con-
sumers (Mage = 27.58 years; 50% female) participated in the study, 
which was conducted online through a link posted on several WeChat 
groups with users from different regions and cities in China. Participants 
had the chance of receiving a small monetary reward through the 
WeChat “group red packets” function, where money is distributed as 
gifts in the form of virtual “credits” to other users of the application. 
Initially, participants made a series of 10 binary choices, of which five 
were unrelated to food and included for the purpose of a different 
project. Of particular importance for the current investigation, the five 
remaining binary choices included drinking and dining items that were 
intended to differ significantly in terms of their perceived gender image 
(shrimps vs. lobster; fillet of fish vs. fillet of beef; Diet Coke/Cola Light 
vs. Regular Coke/Coca-Cola; Caesar salad vs. hamburger with French 
fries; white wine vs. hard liquor). Thus, one item in each pair was meant 
to mainly convey femininity, whereas the other one was intended to 
primarily signal masculinity. These items were adapted from previous 
related research (Aspara & Van Den Bergh, 2014; Chan and Zlatevska, 

2019; Gal & Wilkie, 2010; Otterbring, 2018; Otterbring & Shams, 2019; 
Rozin et al., 2012). 

A pretest was conducted to ensure that the food items would be 
suitable for use in the main study. Pretest participants (N = 77; Mage =

28.16 years; 58.44% female), who were also from China, rated all pairs 
of food items on a 7-point scale (1 = feminine; 7 = masculine). For each 
pair, the food item assumed to convey masculinity was rated as signif-
icantly more masculine than the food item assumed to convey femininity 
(all ps ≤ 0.001) and a paired-samples t-test revealed that an index of all 
masculine food items (M = 4.85, SD = 0.84) was evaluated as signifi-
cantly more masculine than a similar index of all feminine food items (M 
= 3.78, SD = 0.73; t(76) = 7.09, p < .001). Finally, one-sample t-tests 
revealed that the index of masculine food items was rated as signifi-
cantly more masculine than the scale midpoint of 4 (t(76) = 8.97, p <
.001) whereas the index of feminine food items were rated as signifi-
cantly less masculine (i.e., more feminine) than the scale midpoint (t 
(76) = -2.69, p = .009). 

Participants in the main study made their food choices using a 7- 
point scale (1 = definitely alternative A; 7 = definitely alternative B) 
and their responses were averaged to form a composite food choice 
index, with higher values representing more masculine choices. Because 
one of the items (i.e., white wine vs. hard liquor) contributed to a 
relatively low reliability estimate (Cronbach’s α = 0.63), we used a more 
reliable 4-item index in the main analyses (Cronbach’s α = 0.72; M =
3.59, SD = 1.39), but the results pertaining to the original 5-item index 
were virtually identical, thus indicating robustness of our findings. 

To increase the internal validity of the study, participants replied to 
Bem’s Sex Role Inventory (BSRI) in its short form (Bem, 1981a). BSRI 
measures the extent to which an individual associates his or her self- 
concept with aspects that are typically perceived as masculine (e.g., 
“dominant”) and feminine (e.g., “compassionate”). To this end, partic-
ipants indicated whether a set of adjectives were descriptive of them-
selves (1 = never true; 7 = always true), with 10 of the adjectives 
representing feminine aspects and 10 representing masculine aspects. In 
the analyses, we computed a difference score by subtracting partici-
pants’ femininity scores from their masculinity scores (cf. Bem, 1981b; 
Csathó et al., 2003). Thus, a higher (lower) value on this measure rep-
resents a relatively more masculine (feminine) gender identity. As ex-
pected, male participants (M = -0.25, SD = 1.02) had a more masculine 
gender identity than female participants (M = -0.49, SD = 1.10), t(214) 
= 1.68, p = .047 (one-tailed), η2 = 0.01. 

In the end of the survey, participants indicated their height (in cm) 
and weight (in kg), which were used to calculate their body mass index 
(BMI). Consistent with other investigations with similarly aged partici-
pants (e.g., Gidlöf et al., 2020), the average BMI for the entire sample 
was in the normal range (M = 21.82, SD = 3.06), with the majority of 
participants being of normal weight (n = 160; 74.1%), followed by a 
smaller proportion of participants who were either underweight (n = 23; 
10.6%), overweight (n = 31; 14.4%), or obese (n = 2; 0.9%). Partici-
pants also reported the length (in mm) of their index and ring fingers 
from their right and left hand, respectively. Specifically, participants 
were instructed to measure and self-report their finger lengths, which 
were used to calculate their 2D:4D digit ratios for both hands (M2D:4D 

right = 0.999, SD = 0.074; M2D:4D left = 1.001, SD = 0.077). The relatively 
high mean values in digit ratios are likely a consequence of the direct 
measurements used, given that direct measures tend to yield higher digit 
ratios than indirect ones from, for example, scans or photographs (Hand, 
2019). The digit ratios of participants’ right and left hands were highly 
correlated (r = 0.89, p < .001), with this pattern also holding for male (r 
= 0.90, p < .001) and female participants (r = 0.88, p < .001), sepa-
rately. However, unlike several studies (for a meta-analysis, see 
Hönekopp & Watson, 2010), digit ratios did not differ significantly be-
tween male (M2D:4D right = 0.995, SD = 0.079; M2D:4D left = 1.002, SD =
0.080) and female participants (M2D:4D right = 1.002, SD = 0.068; M2D:4D 

left = 1.002, SD = 0.074; ps > 0.490). This may be due to the direct 
measurements, which typically produce smaller sex differences than 
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indirect measures (Hönekopp & Watson, 2010). Yet, given the strong 
correlations between right- and left-hand digit ratios and considering 
that the standard deviations in digit ratios are comparable with those 
reported in other published studies (e.g., Hand, 2019), our approach of 
instructing participants to measure and self-report their finger lengths 
seems to have generated at least adequate reliability in the 
measurements. 

Having indicated their height, weight, and finger lengths, partici-
pants finally replied to six hunger items (e.g., “Right now, I feel very 
hungry”) from Otterbring (2019). These items were rated on a 7-point 
scale (1 = strongly disagree; 7 = strongly agree) and were averaged to 
create a composite hunger index (α = 0.80; M = 3.65, SD = 1.22). 

4. Results 

In order to reduce the impact of extreme scores on digit ratio and 
hunger and given that we were interested in whether a masculine (vs. 
feminine) digit ratio could predict more masculine food choices as a 
function of whether participants were either hungry or satiated, we 
followed the approach advocated by Iacobucci et al. (2015) and 
dichotomized our digit ratio measures and the hunger index using a 
median-split procedure. This resulted in a group of participants with low 
(masculine) digit ratios (M2D:4D right = 0.941, SD = 0.035; M2D:4D left =

0.0943, SD = 0.036), and one group with high (feminine) digit ratios 
(M2D:4D right = 1.056, SD = 0.054; M2D:4D left = 1.060, SD = 0.060). 
Similarly, this procedure resulted in one group of satiated participants, 
whose hunger scores fell significantly below the scale midpoint of 4 (M 
= 2.80, SD = 0.76; t(114) = -16.97, p < .001) and one group of hungry 
participants, whose hunger scores fell significantly above the scale 
midpoint (M = 4.63, SD = 0.85; t(100) = 7.47, p < .001). The pro-
portion of male and female participants did not differ significantly in the 
hungry and satiated groups (χ2(1, N = 216) = 1.51, p = .220, V = 0.08). 
Moreover, there was no significant difference in the proportion of male 
and female participants in the low versus high digit ratio groups, either 
for the right-hand digit ratio used in the main analysis (χ2(1, N = 216) =
2.67, p = .102, V = 0.11) or for the robustness check on participants’ 
left-hand digit ratio (χ2(1, N = 216) = 0.67, p = .414, V = 0.06). 
However, consistent with prior findings documenting that right-hand 
(vs. left-hand) digit ratios are more sexually dimorphic (Hönekopp & 
Watson, 2010), there was a directionally, but not significantly, larger 
proportion of male (55.56%) than female participants (44.44%) cate-
gorized as having low, masculine right-hand digit ratios. 

To test our key predictions, we conducted a 2 (digit ratio: masculine, 
feminine) × 2 (hunger: hungry, satiated) ANOVA, with right-hand digit 
ratio and hunger as the between-subjects factors and the food choice 
index as the dependent variable. We used the right-hand digit ratio in 
the main analysis since this is the most frequently reported measure in 
the literature (Apicella et al., 2015). Contrary to H1, the results revealed 
no significant main effect of digit ratio (F(1, 212) = 0.29, p = .594), but a 
significant main effect of hunger (F(1, 212) = 11.64, p < .001, η2 =

0.05), such that hungry participants (M = 3.93, SD = 1.39) made more 
masculine food choices than their satiated counterparts (M = 3.30, SD =
1.32). However, consistent with H2, this main effect was qualified by the 
hypothesized interaction (F(1, 212) = 6.18, p = .014, η2 = 0.03). Among 
satiated participants, food choices did not differ as a function of digit 
ratio (F(1, 113) = 2.12, p = .149, η2 = 0.02). If anything, satiated par-
ticipants with a masculine digit ratio (M = 3.13, SD = 1.18) made 
directionally more feminine food choices than satiated participants with 
a feminine digit ratio (M = 3.48, SD = 1.44). Yet, among hungry par-
ticipants, those with a masculine digit ratio (M = 4.21, SD = 1.40) made 
significantly more masculine food choices compared to their counter-
parts with a feminine digit ratio (M = 3.65, SD = 1.34; F(1, 99) = 4.11, p 
= .045, η2 = 0.04). Presented another way, hunger (vs. satiation) 
exerted a strong impact on food choices among participants with a 
masculine digit ratio (F(1, 106) = 18.85, p < .001, η2 = 0.15), such that 
they made more masculine food choices under conditions of hunger (M 

= 4.21, SD = 1.40) versus satiation (M = 3.13, SD = 1.18). In contrast, 
hunger (vs. satiation) had no significant impact on food choices among 
participants with a feminine digit ratio (F(1, 106) = 0.40, p = .530). 
Fig. 1 presents a graphical illustration of these results. 

To test the robustness of our findings, we re-ran the above analysis by 
1) using participants’ left-hand digit ratios, and 2) including partici-
pants’ gender and self-perceived gender identity as covariates. The main 
results of these supplementary analyses were as follows: A two-way 
ANOVA on the food choice index, with left-hand digit ratio and hun-
ger as the between-subjects factors, found no main effect of digit ratio (F 
(1, 212) = 0.83, p = .362), but a significant main effect of hunger (F(1, 
212) = 11.43, p < .001, η2 = 0.05), with hungry (M = 3.93, SD = 1.39) 
versus satiated (M = 3.30, SD = 1.32) participants making more 
masculine food choices. However, consistent with our main analysis, 
this main effect was again qualified by the digit ratio × hunger inter-
action (F(1, 212) = 3.80, p = .053, η2 = 0.02). Thus, food choices did not 
differ as a function of whether satiated participants’ digit ratio was 
masculine or feminine (F(1, 113) = 0.59, p = .443, η2 = 0.01; Mmasculine 
= 3.21, SD = 1.17; Mfeminine = 3.40, SD = 1.46). In contrast, among 
hungry participants, those with a masculine digit ratio (M = 4.19, SD =
1.39) made more masculine food choices compared to their counterparts 
with a feminine digit ratio (M = 3.66, SD = 1.36; F(1, 99) = 3.71, p =
.057, η2 = 0.04). Put differently, hunger (vs. satiation) substantially 
affected food choices among participants with a masculine digit ratio (F 
(1, 106) = 15.82, p < .001, η2 = 0.13), such that they made more 
masculine food choices under conditions of hunger (M = 4.19, SD =
1.39) versus satiation (M = 3.21, SD = 1.17). Yet, hunger (vs. satiation) 
had no significant impact on food choices among participants with a 
feminine digit ratio (F(1, 106) = 0.93, p = .337, η2 = 0.01). Adding the 
covariates of participants’ gender and self-perceived gender identity did 
not change the nature or significance of these results (nor those reported 
in the main analysis above) and these covariates were consistently un-
associated with participants’ responses on the food choice index. 

5. Discussion 

To the best of our knowledge, this is the first study to demonstrate 
that a biomarker linked to prenatal testosterone exposure (i.e., the digit 
ratio) interacts with consumers’ hunger levels to affect their preference 
patterns and choice behavior towards food options with a more 
masculine gender image. Specifically, we find that although digit ratios 
are generally unassociated with gender-congruent food choices, con-
sumers with masculine (vs. feminine) digit ratios are particularly prone 
to prefer and choose food options with a masculine gender image when 
they are hungry, but not when they are satiated. As such, our findings 
expand the “challenging situations”-framework, which postulates that 
challenges crucial for survival and reproduction constitute a boundary 
condition for when and how biomarkers may be predictive of con-
sumers’ choice behavior and purchase preferences (Millet, 2011; 
Nepomuceno et al., 2019; Otterbring et al., 2018). Indeed, the current 
work suggests that resource scarcity in the form of hunger regulates 
when sex hormones and proxies for such physiological factors exert 
downstream effects on consumer behavior. At a general level, the pre-
sent research contributes to the evolving literature on how prenatal 
exposure to sex hormones may affect economic decision-making and 
consumer choice (Apicella et al., 2015; Aspara & Van Den Bergh, 2014; 
Hand, 2019; Millet, 2011; Otterbring et al., 2018). Moreover, the results 
expand the knowledge on how resource scarcity in the form of hunger 
shifts consumers’ decision-making processes and food preference 
(Gidlöf et al., 2020; Otterbring, 2019). Specifically, our findings suggest 
that commercials, in-store ads, and other marketing activities meant to 
promote food products with a masculine gender image may be more 
effective at times when consumers are likely to be hungry (e.g., during 
lunch and dinner hours), especially among consumers with masculine 
digit ratios. 

Our study is not without limitations. One confounding factor is the 
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calorie content of the food options used in most binary food choices, in 
which the masculine options generally contained more calories than the 
feminine ones. While this was a pragmatic choice in light of existing 
research, which has frequently linked masculinity to calorie-dense 
dishes and femininity to the notion of “eating lightly” (e.g., Mori 
et al., 1987; Rozin et al., 2012), the calorie difference in the binary 
choices may explain why hungry (vs. satiated) participants showed a 
general propensity to choose the masculine food options. Indeed, 
calorie-dense foods tend to be preferred under conditions of hunger (cf. 
Otterbring, 2019; Read & Van Leeuwen, 1998). However, the differen-
tial calorie content between the masculine and feminine food items 
cannot easily explain the obtained interaction effect between digit ratios 
and hunger in predicting choices of more masculine foods. Nevertheless, 
future research should optimally try to test whether the current findings 
also apply to food choice situations in which the food items differ solely 
with respect to their perceived femininity/masculinity, but not in terms 
of their calorie content. Relatedly, given that women tend to prefer 
fruits, vegetables, and high-fat sweets (e.g., cakes, cookies, candy) more 
than men, whereas men show a stronger preference for savory-fat foods 
such as meats compared to women (Kiefer et al., 2005; Kubberød et al., 
2002; Love & Sulikowski, 2018; Rozin et al., 1991), the use of food items 
that are well-known targets of sex-specific food selections may improve 
the validity of future studies on this topic. 

Another potential limitation of the current study is that participants 
self-reported their subjective sense of hunger. While the hunger index 
showed satisfactory reliability and has been used in previous related 
research (Otterbring, 2019), the robustness of the findings should be 
tested in future work utilizing more objective tools, such as indexing 
hunger by blood-glucose measures. Similarly, although beyond the 
scope of the present investigation, future research could try to examine 
whether more objectively measured testosterone levels exert the same 
impact as the digit ratio in predicting consumers’ choice behavior. 

A major strength of this study is the reliance on a sample with the 
same ethnicity. Digit ratios fluctuate significantly across ethnic groups 
(Apicella et al., 2015; Millet & Buehler, 2018; Hönekopp & Watson, 
2010; Nepomuceno et al., 2019), so the sole inclusion of Chinese par-
ticipants arguably minimized unnecessary “noise.” However, this also 
highlights the need to go beyond the specific context and sample 
considered here before generalizability conclusions can be drawn with 
certainty. Thus, future studies should examine the whether the findings 
reported in this article apply to participants from other ethnicities. 
Relatedly, cross-cultural differences exist in norms, values, and beliefs 
linked to masculinity and femininity (Chang, 2006; Hofstede, 1998), 
suggesting that individuals’ interpretations of food items meant to 
convey a certain gender image may be culturally contingent. 

6. Conclusion 

The present research offers novel knowledge on the relationship 
between a biomarker related to prenatal testosterone exposure, hunger, 
and consumers’ preferences for food options with a clear gender image. 
Theoretically, it is important to understand which role hormones and 
their bodily proxies may have in shaping consumer behavior, and which 
contextual factors that could moderate when consumer choice will be 
sensitive towards such hormonal influences. Practically, it is important 
for consumers to understand how hormonal changes and basic human 
drives, such as hunger, thirst, and sexual desire, may influence their 
decision-making, since this knowledge may make them better able to 
resist temptation and make choices that more closely match their true 
preferences. The study presented in this article suggests that hungry 
consumers with masculine digit ratios make more masculine food 
choices, whereas consumers with feminine digit ratios do not change 
their choice behavior as a function of their hunger levels. Given the far- 
reaching implications in predicting consumers’ choice behavior from 
hormonal factors and basic human drives, further examinations of such 
interactive effects are warranted and constitute a fruitful avenue for 
future research. 
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