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Longitudinal changes in disgust 
sensitivity during pregnancy 
and the early postpartum period, 
and the role of recent health 
problems
Daniela Dlouhá  1*, S. Craig Roberts 2, Jana Hlaváčová 1, Kamila Nouzová 3 & Šárka Kaňková 1

Disgust is an essential part of the behavioral immune system, protecting the individual from infection. 
According to the Compensatory Prophylaxis Hypothesis (CPH), disgust sensitivity increases in times 
of immunosuppression, potentially including pregnancy. We aimed to replicate a previous study 
observing longitudinal changes in disgust sensitivity in pregnant women. Additionally, for the first 
time, we explored how recent health problems influence these changes. To do this, we obtained 
disgust sensitivity measures from 94 women in each trimester and in early postpartum. In contrast to 
the original study, where disgust sensitivity was highest in the first trimester, we found that overall 
and animal reminder disgust increased across pregnancy and after birth. In line with the CPH, women 
who were recently sick in the first trimester had elevated disgust sensitivity at that time. Although 
disgust sensitivity was significantly higher in the second trimester and postpartum period compared 
to the first trimester in mothers pregnant with a male fetus, the overall results regarding the effect of 
fetus sex on disgust sensitivity were mixed. It seems that changing levels of disgust sensitivity during 
pregnancy and postpartum result from a suite of physiological and psychological changes that occur 
during this sensitive period of a woman’s life.

The emotion of disgust is thought to act as a defense mechanism against infection by pathogens1. Disgust there-
fore plays a crucial role in the behavioral immune system: by limiting contact with potentially harmful objects, 
substances or people, it minimizes the risk of infection and related activation of the physical immune system, 
which is costly to the organism2.

Disgust sensitivity, defined by Olatunji et al. in their study3 as a predisposition to experiencing disgust towards 
a wide array of aversive stimuli, varies considerably between individuals. This variation depends partly on age4,5, 
sex1,6 and personality traits such as neuroticism7 or anxiety8. Disgust sensitivity can also change in response to 
social learning 9 or variation in potential pathogen exposure and an individual’s current state of immunity10. 
Indeed, studies have shown that disgust sensitivity is higher in people who are more frequently sick11, consider 
themselves more vulnerable to infection12, or who live in a pathogen-rich environment13,14. However, other stud-
ies do not support the hypothesis, showing no positive association between disgust sensitivity and frequency of 
sickness during childhood15 or being immune-compromised due to medication16. Similarly, Tybur et al.17 did 
not confirm the association between recent illness and attention paid to disfigured faces, which was originally 
observed by Miller and Maner18.

Within this literature, a prominent idea regarding the effects of reproductive immunosuppression on dis-
gust sensitivity is the Compensatory Prophylaxis Hypothesis (CPH). According to the CPH, disgust sensitivity 
should be higher during the luteal phase (usually between the 15th and 28th day of an average cycle) of the 
menstrual cycle because this compensates for concurrent immunosuppression as the mother’s body prepares for 
potential implantation4,19,20. The underlying mechanism for this compensatory process is thought to be levels of 
progesterone19. In line with this hypothesis, both Fleischman and Fessler20 and Żelaźniewicz et al.21 found that 
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disgust sensitivity was higher among women with higher levels of progesterone. However, it should be noted 
that these results were not supported in a more recent study using a longitudinal design22.

Shortly after it was first proposed, the CPH was tested further in relation to pregnancy. In a cross-sectional 
study, Fessler et al.23 reported that, compared to later trimesters, women had higher disgust sensitivity in their 
first trimester of pregnancy. At the time of that study, the first trimester was regarded as a time when the body 
was in a state of immunosuppression and the authors proposed that disgust sensitivity is elevated to compensate 
for this. However, this perspective on pregnancy has since been reassessed. Instead of immunosuppression, 
changes are now viewed as immunomodulation—the immune system is altered to protect the fetus as well as the 
mother24. Nevertheless, the mother’s immune system is still undergoing significant and complex changes during 
pregnancy, so any increase in disgust sensitivity could still play a significant protective role.

In the intervening years, only two other studies have examined changes in disgust sensitivity during preg-
nancy. Using a longitudinal design, Żelaźniewicz and Pawłowski24 found that women in the first trimester had 
higher disgust sensitivity on the core subscale of the questionnaire Disgust Scale-Revised (DS-R)3, with these 
scores decreasing in later trimesters and after birth. Women who were pregnant with a boy showed higher disgust 
sensitivity in the first trimester than women pregnant with a girl, and this difference extended into the second 
trimester. The authors attributed this to differences in hormonal levels, specifically of testosterone and cortisol, 
which have been shown to have immunosuppressive effects25,26 and to occur at higher levels in women pregnant 
with a male fetus27,28. In another study, Kaňková et al.29, focused on disgust sensitivity and the immune system 
during the first trimester. Disgust sensitivity correlated negatively with cytokine levels such as Eotaxin, IFN-γ, 
IL-1β, IL-2 IL-4, IL-7, IL-17A, TNF-α, MCP-1, PDGF-BB, and RANTES. In line with the CPH, the authors 
propose that disgust works as a compensatory system in cases when the immune system of the mother is not 
sufficiently active.

In this study, we aimed to replicate the design of the previous longitudinal study on pregnant women30, 
measuring disgust sensitivity using the DS-R in each trimester as well as in the postpartum period. Based on 
the results of the original study, we expected increased disgust sensitivity in the first trimester of pregnancy in 
comparison with later trimesters and after birth. This effect should be especially prominent in women pregnant 
with a male fetus. In addition, we explored the potential effect of recent infection-related health problems on 
disgust sensitivity in each trimester. In line with the CPH, we expected women who had experienced recent 
health problems to have higher disgust sensitivity than those who had not.

Methods
Participants.  In total, 106 women without severe chronic diseases or autoimmune disorders were recruited 
for the study. All were older than 18 and had not conceived by undergoing assisted reproduction. Of this sample, 
three women did not complete the study and one woman was excluded because of a later-diagnosed twin preg-
nancy. Eight women miscarried and their data was also excluded from the analysis.

The final sample consisted of 94 women aged between 22 and 43 (Mean = 31.8, SD = 4.48), 52 (55.3%) of whom 
were primiparous. The majority of the women (70, 74.5%) had completed higher education, while 22 (23.4%) 
had high school education and two (2.1%) had completed an apprenticeship. Thirty-four (39.0%) women had 
a monthly household income of 61–91 thousand Czech crowns, 50 (57.5%) had an income between 31 and 60 
thousand Czech crowns and three women (3.4%) had an income between 16 and 30 thousand Czech crowns 
(1000 crowns is equivalent to about US$ 46). Seven women did not answer the question about their income. 
Most of the sample (68, 73.9%) lived in an area with a population size over 500,000, three (3.3%) in an area with 
a population size between 50,000 and 500,000, and 21 (22.8%) in an area with fewer than 50,000 (two women did 
not answer this question). Fifty-one (56.7%) women were pregnant with a boy and 39 (43.3%) with a girl (four 
women did not give this information). Only two women (2.2%) smoked while pregnant.

Study procedure.  This study was part of a larger project with the aim of exploring longitudinal changes 
in pregnancy and their correlations with biological and psychological factors. This project was started in March 
2018 in collaboration with a private gynecological clinic, ProfiGyn, in Prague, Czech Republic. The last woman 
was recruited into the study in July 2019 and the last set of questions during the postpartum checkup was com-
pleted in April 2020. The patients of the clinic were invited to participate in the study during their first antenatal 
medical checkup (T1), between the 4th and 11th week of pregnancy (Mean = 7.30, SD = 1.28). At this time, they 
completed a background questionnaire (including questions about age, physical parameters, parity, smoking, 
and a number of demographic questions), a questionnaire measuring disgust sensitivity (Disgust Scale-Revised, 
DS-R)3, and were asked whether they had experienced any health problems in the previous two weeks (yes/no). 
The DS-R and the recent health question were given to the participants repeatedly throughout pregnancy, in the 
2nd trimester (T2) between the 18th and 26th week of pregnancy (Mean = 21.3, SD = 1.15), in the 3rd trimester 
(T3) between the 28th and 36th week (Mean = 30.1, SD = 1.09), and finally during their postpartum checkup 
(T4) in the 6–14th week after birth (Mean = 7.33, SD = 1.80). Information about the sex of the baby was obtained 
from both medical records and questionnaires. Participants who completed the questionnaire too soon in the 
third trimester (in the 23rd week, n = 1), too soon after birth (specifically in the 3rd week, n = 2), or too late after 
birth (in the 27th week after birth, n = 1) were excluded from further analysis. The study procedure, including 
information about the number of completed questionnaires in each trimester, is illustrated in Fig. 1.

Before entering the study, all participants were told that the study focused on changes in pregnancy and their 
correlations with different biological and psychological factors, as this was the aim of the larger project. The par-
ticipants were not specifically told about disgust sensitivity, as this could potentially affect their responses. The 
questions about disgust sensitivity were given to the participants alongside questions about nausea and vomiting 
in pregnancy. The participants provided written, informed consent and were given an anonymous code to be 
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used in all completed questionnaires. The project was approved by the Institutional Review Board of the Faculty 
of Science, Charles University (Approval No. 2018/6 and 2019/10). All methods were performed in accordance 
with the relevant guidelines and regulations.

Questionnaires.  Disgust sensitivity was measured using the Disgust Scale-Revised questionnaire (DS-R)3, 
specifically the Czech version of this questionnaire31. This 27-item (25+2) questionnaire is divided into three 
subscales; (1) core disgust (12 items), focused on pathogen transmission through food and animal or body 
products, (2) animal reminder disgust (8 items), where the items are focused on injuries or other body envelope 
violations that could potentially remind people of their own mortality, and (3) contamination disgust (5 items), 
encompassing possible infection threats through interpersonal contact. The items are scored by the participant 
on a 5-point Likert scale (0–4). Specifically, in the first set of 14 questions, participants rate statements on a scale 
ranging from 0 = strongly disagree (very untrue) to 4 = strongly agree (very true). In the second set of 13 ques-
tions, the participants rate their disgust to descriptions of different situations on a scale from 0 = not disgusting 
at all to 4 = very disgusting. Three of the questions are reversed, so the scores must be adjusted accordingly before 
calculating the final score. The total score ranges from 0 to 100 (0–48 for core disgust, 0–32 for animal reminder 
disgust and 0–20 for contamination disgust), with higher scores indicating higher disgust sensitivity. If more 
than 1/5 of each participant’s responses in a subscale was missing, their data were excluded from the analysis. 
This was done for two participants in the 1st trimester, 13 participants in the 2nd trimester, eight participants in 
the 3rd trimester, and 20 participants in the six-week postpartum period. If less than 1/5 of the responses were 
missing for a particular subscale, the missing score was calculated using the participant’s average score of that 
subscale. This has been done for eight values in the 1st trimester, for three values in the 2nd trimester, for two 
values in the 3rd trimester and for three values in the postpartum period.

The information about recent health problems included two questions: “Have you had any health problems 
in the last 14 days?” and “If yes, specify which”. Before the analysis, the details of the reported health problems 
were reviewed. For the purpose of this analysis, only health problems related to infection were considered as 
“yes” (such as different symptoms of common cold, bronchitis, nasopharynx infection, tonsilitis, gastric flu), 
whereas problems associated with pregnancy itself (e.g. back pain) or chronic problems (e.g. allergies, food 
intolerances) were re-categorized as a “no”. Chronic problems could possibly influence disgust levels differently, 
perhaps causing a long-term adjustment, which could interfere with our attempt to see changes in disgust levels 
as a reaction to pathogen contact. All reported health problems and their coding can be found in the Supple-
ment section (Table S1).

Figure 1.   A chart detailing the number of participants in each part of the study.
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Statistical analyses.  Statistical analyses were performed using Jamovi 1.6.1632. The normal distribution 
of the variables was tested using Shapiro-Wilk normality tests. The possible effect of age on disgust sensitivity 
in each trimester and postpartum period was tested using linear regression. The effect of the gestational age at 
the time of completing the questionnaires on disgust sensitivity was tested using Kendall correlation for each 
trimester separately. Effects of binary variables (parity, fetus sex) on disgust sensitivity were tested using t-tests 
or Mann-Whitney tests (if the assumption of homogeneity was not met).

The longitudinal changes in disgust sensitivity across each trimester, as well as six weeks postpartum, were 
analyzed using linear mixed models. The repeated measure of disgust sensitivity of each participant was estab-
lished as the random effect of the model. The covariates of this model were age and the binary variables of parity 
(primipara/multipara) and fetus sex. These, along with the time of measurement (T1–T4), were established as 
fixed effects. The interaction between fetus sex and the time of measurement was also added to the model as a 
fixed effect. In addition to the model, post hoc t-tests were also performed.

The effects of recent health problems on disgust sensitivity in each trimester were analyzed using ANCOVA. 
The independent variable was the binary variable of recent health problems (yes/no) and the dependent variable 
was measured disgust sensitivity. Age, parity and gestational age were included as covariates.

Internal consistency was tested for the whole questionnaire, as well as for each individual disgust subscale. 
The results are reported using a Cronbach’s α value and can be found in the Supplementary material (Table S2). 
Due to the low internal reliability of the contamination subscale, the results of analyses using this subscale will 
be reported only for possible comparison with the replicated study, but they will not be discussed. Correlation 
between the subscales of the DS-R questionnaire was performed and the results can be found in the Supple-
mentary material (Table S3).

Results
The effect of age, parity and fetus sex on disgust sensitivity.  The linear regressions between age 
and disgust sensitivity showed a significant effect of age on the core subscale of the DS-R questionnaire in the 
1st trimester of pregnancy (t = − 2.28, p = 0.025, R2 =  0.06), such that older women had lower core disgust scores. 
There was no significant effect of parity, gestational age or fetus sex on disgust sensitivity. There was a small but 
non-significant effect (p = 0.084, Cohen’s d  =  -0.38) of fetus sex on the core subscale in the 3rd trimester, such 
that women pregnant with a male fetus had higher disgust sensitivity. For more details of analyses, see Table S4 
in the Supplement section. Based on these results, age was established as a covariate in all further analyses, as 
well as fetus sex, mostly because of its significance in the replicated study.

Longitudinal changes in disgust sensitivity.  The linear mixed model included repeated measurements 
of disgust of each participant as the random effect and age and fetus sex as covariates. The covariates, along with 
the time of measurement (T1-T4, here referred to as period) were the fixed effects of the model. Since the origi-
nal study30 showed a significant effect of fetus sex, and we observed a small, though non-significant, effect of sex 
on the core disgust subscale in T3, the interaction of sex and the period (T1-T4) was added to the model. The 
results showed significant longitudinal changes in the overall DS-R score (F = 3.06, p = 0.029, R2 marginal = 0.02) 
and the animal reminder subscale (F = 5.97, p < 0.001, R2 marginal = 0.02), but not the core subscale (F = 0.36, 
p = 0.783, R2 marginal = 0.03) or the contamination subscale (F = 1.93, p = 0.125, R2 marginal = 0.01). The effects 
of maternal age and fetus sex on all DS-R scores were not significant and neither was the effect of the interaction 
of sex and the period. For detailed results, see Table 1.

Post hoc tests showed that in the overall DS-R questionnaire, women scored significantly higher (had 
higher disgust sensitivity) in T2 (t240 = − 2.21, p = 0.028, Cohen’s d = − 0.29) and T4 (t241 = − 2.45, p = 0.015, 
Cohen’s d = − 0.32) than in T1. For the animal reminder subscale, women also scored significantly higher in 
T2 (t240 = − 2.42, p = 0.016, Cohen’s d = − 0.31) and in T4 (t241 = − 3.84, p < 0.001, Cohen’s d = − 0.50) than in T1. 
Additionally, women in T4 scored significantly higher than in T3 (t241 = − 2.63, p = 0.009, Cohen’s d = − 0.34) in 
this subscale. These results are illustrated in Fig. 2.

While no significant effect of fetus sex, nor of fetus sex in interaction with the pregnancy period was observed, 
post hoc tests were done to obtain results comparable with the replicated study. However, since there was no 
significant effect of the fetus sex in the first place, these post hoc tests were performed with the Bonferroni cor-
rection. They were done separately for each sex. These analyses showed that in the overall DS-R questionnaire, 
women pregnant with a male fetus scored significantly higher in T2 (t134 = − 2.71, pbonferroni = 0.045, Cohen’s 

Table 1.   The effects of fixed factors and covariates on disgust sensitivity changes; results of the linear 
mixed model. The variable “sex” refers to the sex of the fetus and the variable “period” refers to the time of 
measurement—in the 1st (T1), 2nd (T2), or 3rd (T3) trimester of pregnancy or after birth (T4). Significant 
values are in [bold].

Overall DS-R Core Animal reminder Contamination

df F p df F p df F p df F p

Age 1,89.3 0.41 0.522 1,89.2 1.12 0.293 1,89.1 0.37 0.543 1,89.5 0.21 0.646

Sex 1,89.3 0.66 0.418 1,89.3 1.49 0.225 1,89.2 0.34 0.560 1,89.5 < 0.01 0.993

Period 3,234.4 3.06 0.029 3,235.1 0.36 0.783 3,234.4 5.97 < 0.001 3,235.2 1.93 0.125

Sex * Period 3,234.4 2.33 0.075 3,235.0 1.40 0.244 3,234.3 2.05 0.108 3,235.2 0.66 0.577
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d = − 0.47) in comparison with T1. In the animal reminder subscale, women pregnant with a male fetus scored 
significantly higher in T2 (t134 = − 3.0, pbonferroni = 0.020, Cohen’s d = − 0.52) and T4 (t134 = − 3.66, pbonferroni = 0.002, 
Cohen’s d = − 0.63) when compared with T1. These results are illustrated in Fig. 3.

The effect of recent health problems on disgust sensitivity.  In the 1st trimester (T1), 24% of women 
reported having recent health problems. In the 2nd trimester (T2), 21% of women, and in the 3rd trimester (T3), 
25% of women reported having recent health problems.

The ANCOVA test, controlled for age and fetus sex, showed significant effects of recent health problems 
on disgust sensitivity in the 1st trimester of pregnancy, specifically in the subscales core disgust (F1,83 =  6.40, 
p = 0.013, η2 =  0.07) and contamination disgust (F1,83 =  5.64, p = 0.020, η2 = 0.06 ). In the core disgust subscale, 
women who had recent health problems scored higher (n = 22, Mean = 29.1, SE = 1.39) than women that did not 
report any problems (n = 70, Mean = 25.1, SE = 0.77). Women with recent health problems also scored higher in 
the contamination disgust subscale (n = 22, Mean = 9.33, SE = 0.74) than women without health problems (n = 70, 
Mean = 7.29, SE = 0.41). No significant results were found in the animal reminder subscale. Similar effects were 
not observed in the later trimesters of pregnancy. However, a long-term effect of health problems in the first 
trimester on disgust sensitivity in the third trimester has been observed; women who reported recent health 
problems in T1 scored higher in the contamination subscale in T3 (n = 21, Mean = 9.09, SE = 0.70) than women 
who did not report any problems in T1 (n = 64, Mean = 7.43, SE = 0.41). This long-term effect of health problems 
in the first trimester on disgust sensitivity in the third trimester has not been observed in other subscales or in 
the overall DS-R score. No other long-term effect of health problems in the first (or second/third) trimester on 
disgust sensitivity in later trimesters (or in the postpartum period) was observed. The complete results of the 
ANCOVA tests are summarized in Table 2.

The effect of recent health problems on longitudinal changes in disgust sensitivity.  Based on 
the observed significant effect of recent health problems on disgust sensitivity in the first trimester, the analysis 
using the linear mixed model was repeated, with the variable of recent health problems in each trimester now 
added as a covariate. This analysis included only the time of pregnancy (T1–T3) since the data regarding recent 
health problems has not been collected after birth.

In these new models, the longitudinal changes in disgust sensitivity changed, but remained significant for 
the animal reminder disgust subscale (F2,162.8 = 4.26, p = 0.016, R2 marginal = 0.02) and in the overall DS-R score 
(F2,162.7 = 3.21, p = 0.043, R2 marginal = 0.02). The contamination (F2,163.2 = 2.17, p = 0.119, R2 marginal = 0.01) and 
core (F2,163.5 = 0.47, p = 0.628, R2 marginal = 0.03) disgust subscales were not significant.

Figure 2.   Longitudinal changes during pregnancy and after birth in the overall DS-R score and the core, 
animal reminder, and contamination subscales. T1-T3 corresponds to trimester numbers, with T4 being the 
measurement after birth. The significant differences of disgust sensitivity between periods, results of post hoc 
tests, are shown with *p < 0.05, **p < 0.01 and ***p < 0.001. The graphs show the means and standard errors.
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Figure 3.   Longitudinal changes during pregnancy and after birth in the overall DS-R score, the core, animal 
reminder, and contamination subscales, separately for women pregnant with male and female fetus. T1-T3 
corresponds to trimester numbers, with T4 being the measurement after birth. The significant differences of 
disgust sensitivity between periods, results of post hoc tests with the Bonferroni correction, are shown with 
*p < 0.05 and **p < 0.01. The graphs show the means and standard errors.

Table 2.   ANCOVA tests showing the effect of recent health problems in each trimester on disgust sensitivity 
in different trimesters and after birth. Controlled for age and fetus sex. Significant values are in [bold].

Recent health problems (yes/no)

T1 T2 T3

df F p η2 df F p η2 df F p η2

T1

Overall DS-R score

1,83

3.18 0.078 0.04 – – – – – –

Core 6.40 0.013 0.07 – – – – – –

Animal reminder 0.06 0.809 0.00 – – – – – –

Contamination 5.64 0.020 0.06 – – – – – –

T2

Overall DS-R score

1,76

1.94 0.168 0.03

1,76

0.48 0.490 0.01 – – –

Core 2.73 0.103 0.03 0.74 0.394 0.01 – – –

Animal reminder 0.34 0.560 0.00 0.01 0.913 0.00 – – –

Contamination 2.20 0.142 0.03 0.99 0.324 0.01 – – –

T3

Overall DS-R score

1,80

3.34 0.071 0.04

1,73

0.19 0.669 0.00

1,80

0.06 0.808 0.00

Core 2.84 0.096 0.03 0.66 0.419 0.01 0.02 0.904 0.00

Animal reminder 1.41 0.239 0.02 0.05 0.826 0.00 0.35 0.559 0.00

Contamination 4.04 0.048 0.05 0.39 0.533 0.01 0.13 0.724 0.00

T4

Overall DS-R score

1,67

1.09 0.301 0.02

1,61

0.00 0.975 0.00

1,65

0.02 0.891 0.00

Core 0.79 0.379 0.01 0.11 0.743 0.00 0.01 0.907 0.00

Animal reminder 0.65 0.423 0.01 0.59 0.444 0.01 0.02 0.895 0.00

Contamination 1.31 0.257 0.02 0.48 0.491 0.01 0.01 0.919 0.00
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The post hoc tests for this new model showed that women still scored higher in T2 in comparison with T1 in 
the overall DS-R (t168 = − 2.29, p = 0.023, Cohen’s d = − 0.35) and in the animal reminder subscale (t168 = − 2.60, 
p = 0.010, Cohen’s d = − 0.40).

Post hoc tests done separately for each sex (Bonferroni-corrected), in this new model showed that in the 
overall DS-R questionnaire, women pregnant with a male fetus scored significantly higher in T2 (t94.6 = − 2.84, 
pbonferroni = 0.017, Cohen’s d = − 0.58) and T3 (t94.5 = − 2.71, pbonferroni = 0.024, Cohen’s d = − 0.56) in comparison 
with T1. In the animal reminder subscale, women pregnant with a male fetus scored significantly higher in T2 
(t94.5 = − 3.35, pbonferroni = 0.003, Cohen’s d = − 0.69) and T3 (t94.4 = − 3.24, pbonferroni =  0.005, Cohen’s d = − 0.67) when 
compared with T1.

Discussion
Our main aim was to replicate the study by Żelaźniewicz and Pawłowski30, which focused on longitudinal changes 
in disgust sensitivity during pregnancy, and we also wished to explore whether recent health problems play a role 
in these changes. We observed significant changes in the overall DS-R score and in the animal reminder disgust 
subscale, but not in the core and contamination disgust subscales. Compared to the first trimester, we found 
that disgust sensitivity (both the overall DS-R score and the animal reminder disgust subscale) was higher in 
the second trimester and in the postpartum period. The results also showed that women who had experienced 
recent health problems reported higher disgust sensitivity in the first trimester on the core disgust subscale. 
After including these recent health problems into the main linear mixed model, longitudinal changes in disgust 
sensitivity during pregnancy remained significant for the animal reminder disgust subscale as well as the overall 
score. We also observed different trajectories of disgust sensitivity during pregnancy and after birth in women 
with male and female fetus.

Longitudinal changes in disgust sensitivity.  As in the original study30, our results showed significant 
longitudinal changes in disgust sensitivity. However, while the original study showed higher core disgust in the 
first trimester, which decreased throughout pregnancy and after birth, our study suggested a rather different pat-
tern, with overall disgust and animal reminder disgust (but not core and contamination disgust) being lowest in 
the first trimester and increasing throughout pregnancy and after birth. Our results are therefore not consistent 
with the compensatory prophylaxis hypothesis (CPH) during pregnancy, as initially conceived and reflected in 
the studies of Fessler et al.23 and Żelaźniewicz and Pawłowski30, where disgust is expected to be highest in the 
first trimester. On the other hand, a core concept of the CPH is that compensatory changes in disgust sensitiv-
ity are underpinned by the immunosuppressive effects of progesterone19–21, and this could be supported by our 
results. Progesterone levels increase throughout pregnancy33 and the disgust sensitivity observed here follows 
the same trend. The only problematic part of this explanation would be the maintenance of high disgust sensitiv-
ity in the period after birth when progesterone levels decrease. This would suggest the existence of either a sec-
ond mechanism that relates to elevated disgust sensitivity after birth, as a form of maternal behavioral immunity 
to protect the offspring, or that rising disgust in later pregnancy and post-partum can be jointly explained by a 
mechanism unrelated to progesterone.

Related to the individual subscales, longitudinal changes were significant only for the animal reminder sub-
scale. This subscale is supposed to encompass stimuli that remind people of their animal nature and thus also 
their vulnerability and mortality34. The stimuli are all related to wounds, blood, mutilations and death. This 
subscale of the DS-R has been criticized previously35 for the unclear adaptive function of this form of disgust, 
specifically whether disgust is the most effective emotion for realizing our own mortality and why that would 
be beneficial. It seems that this subscale is quite different from the other two domains, which directly relate to 
pathogens and contagion. A series of studies by Kupfer36 showed that animal reminder disgust might be an 
empathic response to (for example) an injury rather than disgust in reaction to pathogen threat. The emotion 
is still described as disgust but stems more from the feelings of pain and horror, while pathogen disgust serves 
as a protection from infection. Therefore, the results of this subscale in this study could reflect different mecha-
nisms occurring during pregnancy rather than simply a protection mechanism against pathogens. Considering 
that the animal reminder disgust is the highest before and after birth, it might be considered as an event closely 
linking humans with their animal nature, as well as a strong emotional experience. Women have been shown to 
experience higher fear of death in the third trimester37 and often experience fear of death during labor38. Anxiety 
symptoms have also been shown to be higher in the third trimester39,40. Anxiety and fear of birth experienced 
before birth has been shown to relate to postpartum anxiety41. Overall, it can be argued that animal reminder 
disgust, relating to injuries and death, could be increased before and after labor, because women at that time 
experience higher fear (of death) and anxiety in relation to childbirth.

The effect size (marginal R2 was 0.03, resp. 0.02) for the models focusing on longitudinal changes (overall dis-
gust, resp. animal reminder disgust) was rather small. This shows that most of the differences in disgust sensitivity 
during pregnancy can be attributed to inter-individual differences, rather than changes within an individual. 
However, it should be considered that even small changes in disgust may be significant during pregnancy, which 
is a very sensitive period. This model could also quite possibly underestimate the actual size of the changes that 
occur, since the measuring tools—text questionnaires—are rather blunt instruments, even if effective ones. The 
observed effect size could therefore reflect only a fragment of larger changes happening.

Effect of recent health problems on disgust sensitivity.  In line with the CPH4, our results showed 
a significant effect of recent health problems in the first trimester on the core disgust subscale. Furthermore, 
while our results are the first to show this effect in pregnant women, they are consistent with previous research 
where higher disgust sensitivity was observed during the luteal phase in women who had experienced a recent 
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infection10, in people who had been more frequently sick11, or in those who considered themselves more vulner-
able to disease12. Related to the individual subscales, recent health problems did not influence animal reminder 
disgust. However, since animal reminder disgust is defined as a subscale relating to the need for humans to 
distance themselves from their animal nature, which reminds them of their vulnerability and mortality34, it does 
not relate to pathogen risk as much as the core subscale. Thus, it does not work as a mechanism to prevent infec-
tion and accordingly does not relate to the CPH. Therefore, we would not even expect to observe changes in this 
subscale when looking at a potential effect of recent health problems.

The fact that the effect of recent health problems was observed only in the first trimester supports the the-
ory of the adaptive function of disgust. The first trimester is well known as a time of embryogenesis, when 
many developmental processes sensitive to disruption take place and therefore the mother and embryo need 
increased protection42,43. A similar adaptive function has been shown in regard to nausea and vomiting in early 
pregnancy44–46.

Based on these findings, the variable of recent health problems was added into the linear mixed model of 
longitudinal changes in disgust sensitivity. After this addition, the models with the overall DS-R score and the 
animal reminder subscale remained significant. Overall, it seems that longitudinal changes in disgust sensitivity 
are influenced by multiple factors, and differently so in each area of disgust. On one hand, the changes could 
be influenced by maternal health factors; on the other, they might be underpinned by physiological and related 
psychological changes accompanying pregnancy and the early postpartum period.

Longitudinal changes in disgust sensitivity depending on the fetus sex.  Another finding of this 
study, pertaining to the replicated study30, is the effect of fetus sex on longitudinal changes in disgust. These 
results are mixed, however, and support the findings of the replicated study only weakly. Our results showed that 
there was a near significant difference (p = 0.075) in longitudinal changes in overall disgust sensitivity between 
women pregnant with male and female fetuses. In women pregnant with a male fetus, overall disgust sensitivity 
and animal reminder disgust were significantly higher in the second trimester compared to the first trimester, 
with the animal reminder disgust additionally being significantly higher after birth in comparison with the first 
trimester. Overall, the specific results differed from the replicated study30. It seems that fetus sex might play some 
role in affecting disgust sensitivity during pregnancy, but the results are mixed.

The observed trend of increasing disgust sensitivity in mothers with a male fetus, along with the small effect 
(p = 0.084, Cohen’s d = − 0.38) of fetus sex on core disgust in the third trimester (these results are reported in 
the Supplement section), could however be explained in a similar fashion to the replicated study. Studies have 
shown that testosterone levels of mothers pregnant with male fetuses increased throughout pregnancy28, as did 
cortisol levels in the second half of pregnancy until the 30th week27. These hormones have been shown to have 
immunosuppressive effects25,26 with possible mediative relationships on behavior47. Therefore, increased disgust 
sensitivity could be playing a protective role as a result of potential immunosuppression. It needs to be said, 
however, that these results were observed mostly in the animal reminder subscale, so they might have entirely 
different underlying mechanisms, as discussed in section "Longitudinal changes in disgust sensitivity". Overall, 
these results do not bring strong support to the idea of fetus sex playing a role in affecting disgust sensitivity 
during pregnancy.

Limitations.  One of the main limitations of this study might be our use of the Disgust Scale-Revised (DS-
R). We chose to use the DS-R in this study because it was used in the study that we aimed to replicate. How-
ever, this questionnaire has been critiqued several times for its unclear subscales35,48 or low internal reliability, 
especially regarding the contamination subscale49,50. In this study, we have also shown low internal reliability of 
the contamination subscale, for which we have therefore reported results but not discussed them. It needs to be 
mentioned that previous studies, such as the replicated study30 or other studies21 focused on disgust related to 
women’s reproductive health often do not report the reliability results for the questionnaire subscales or for the 
whole questionnaire at all. This could indicate that perhaps other studies have encountered the same problems 
with this subscale, even though they report and discuss these results.

In further research, then, it might be better to use the Three Domain Disgust Scale (TDDS)35 or visual ques-
tionnaires. The possibility of using behavioral tests, such as with tactile51,52 or olfactory stimuli53, which are also 
used to measure disgust sensitivity, should also be explored. However, special caution would be advised since 
pregnant women could have unexpected strong reactions (e.g. vomiting, faintness) to such tests, which could 
be ethically problematic in some cases.

On the other hand, it should be noted that some of the clearest results in our study were found in the animal 
reminder subscale, which is unique to the DS-R. Without it, we may have been unable to recognize significant 
changes occurring during pregnancy in this area of disgust.

Conclusion
Our study showed that, in the first trimester, disgust sensitivity is increased in circumstances where there is a 
need for higher behavioral prophylaxis, such as when the mother has been recently sick. This could signal an 
insufficiently activated immune system. These findings are in line with the CPH. However, the longitudinal 
changes in disgust sensitivity seem to be more complex than the CPH can predict. Disgust sensitivity seems to 
be influenced not only by physiological changes, but also psychological changes that occur during pregnancy 
and after birth. The sex of the fetus also seems to play some role in affecting disgust sensitivity during pregnancy, 
but the results are mixed and should be explored further in the future to be able to come to a clearer conclusion.



9

Vol.:(0123456789)

Scientific Reports |         (2023) 13:4752  | https://doi.org/10.1038/s41598-023-31060-6

www.nature.com/scientificreports/

Data availability
The raw data for this study are available at https://​doi.​org/​10.​6084/​m9.​figsh​are.​19354​688.​v4.

Received: 16 June 2022; Accepted: 6 March 2023

References
	 1.	 Curtis, V., Aunger, R. & Rabie, T. Evidence that disgust evolved to protect from risk of disease. Proc. R. Soc. Lond. B Biol. Sci. 271, 

S131–S133 (2004).
	 2.	 Schaller, M. & Duncan, L. A. The behavioral immune system: Its evolution and social psychological implications. in Evolution 

and the social mind: Evolutionary psychology and social cognition (eds. J. P. Forgas, M. G. Haselton, & W. von Hippel) 293–307 
(Routledge/Taylor & Francis Group, 2007).

	 3.	 Olatunji, B. O. et al. The Disgust scale: Item analysis, factor structure, and suggestions for refinement. Psychol. Assess. 19, 281–297 
(2007).

	 4.	 Fessler, D. M. T. & Navarrete, C. D. Domain-specific variation in disgust sensitivity across the menstrual cycle. Evol. Hum. Behav. 
24, 406–417 (2003).

	 5.	 Quigley, J. F., Sherman, M. F. & Sherman, N. C. Personality disorder symptoms, gender, and age as predictors of adolescent disgust 
sensitivity. Personal. Individ. Differ. 22, 661–667 (1997).

	 6.	 Ding, Y., Yang, J., Ji, T. & Guo, Y. Women suffered more emotional and life distress than men during the COVID-19 pandemic: 
The role of pathogen disgust sensitivity. Int. J. Environ. Res. Public. Health 18, 8539 (2021).

	 7.	 Hennig, J., Pössel, P. & Netter, P. Sensitivity to disgust as an indicator of neuroticism: A psychobiological approach. Personal. 
Individ. Differ. 20, 589–596 (1996).

	 8.	 Cervin, M., Perrin, S., Olsson, E., Claesdotter-Knutsson, E. & Lindvall, M. Incompleteness, harm avoidance, and disgust: A com-
parison of youth with OCD, anxiety disorders, and no psychiatric disorder. J. Anxiety Disord. 69, 102175 (2020).

	 9.	 Bayliss, A. P., Frischen, A., Fenske, M. J. & Tipper, S. P. Affective evaluations of objects are influenced by observed gaze direction 
and emotional expression. Cognition 104, 644–653 (2007).

	10.	 Milkowska, K., Galbarczyk, A. & Jasienska, G. Disgust sensitivity in relation to menstrual cycle phase in women with and without 
an infection. Am. J. Hum. Biol. 31, e23233 (2019).

	11.	 Stevenson, R. J., Case, T. I. & Oaten, M. J. Frequency and recency of infection and their relationship with disgust and contamina-
tion sensitivity. Evol. Hum. Behav. 30, 363–368 (2009).

	12.	 Sarolidou, G. et al. People expressing olfactory and visual cues of disease are less liked. Philos. Trans. R. Soc. B Biol. Sci. 375, 
20190272 (2020).

	13.	 Skolnick, A. J. & Dzokoto, V. A. Disgust and contamination: A cross-national comparison of Ghana and the United States. Front. 
Psychol. 4, 91 (2013).

	14.	 Cepon-Robins, T. J. et al. Pathogen disgust sensitivity protects against infection in a high pathogen environment. Proc. Natl. Acad. 
Sci. 118, e2018552118 (2021).

	15.	 de Barra, M., Islam, M. S. & Curtis, V. Disgust sensitivity is not associated with health in a rural Bangladeshi sample. PLoS One 9, 
e100444 (2014).

	16.	 Oaten, M., Stevenson, R. & Case, T. Compensatory up-regulation of behavioral disease avoidance in immuno-compromised people 
with rheumatoid arthritis. Evol. Hum. Behav. 38, 350–356 (2016).

	17.	 Tybur, J. M., Jones, B. C., DeBruine, L. M., Ackerman, J. M. & Fasolt, V. Preregistered direct replication of “Sick body, vigilant 
mind: The biological immune system activates the behavioral immune system”. Psychol. Sci. 31, 1461–1469 (2020).

	18.	 Miller, S. L. & Maner, J. K. Sick body, vigilant mind: The biological immune system activates the behavioral immune system. Psychol. 
Sci. 22, 1467–1471 (2011).

	19.	 Fessler, D. Luteal phase immunosuppression and meat eating. Riv. Biol. 94, 403–426 (2001).
	20.	 Fleischman, D. S. & Fessler, D. M. T. Progesterone’s effects on the psychology of disease avoidance: Support for the compensatory 

behavioral prophylaxis hypothesis. Horm. Behav. 59, 271–275 (2011).
	21.	 Żelaźniewicz, A., Borkowska, B., Nowak, J. & Pawłowski, B. The progesterone level, leukocyte count and disgust sensitivity across 

the menstrual cycle. Physiol. Behav. 161, 60–65 (2016).
	22.	 Jones, B. C. et al. Hormonal correlates of pathogen disgust: Testing the compensatory prophylaxis hypothesis. Evol. Hum. Behav. 

39, 166–169 (2018).
	23.	 Fessler, D. M. T., Eng, S. J. & Navarrete, C. D. Elevated disgust sensitivity in the first trimester of pregnancy. Evol. Hum. Behav. 26, 

344–351 (2005).
	24.	 Racicot, K., Kwon, J.-Y., Aldo, P., Silasi, M. & Mor, G. Understanding the complexity of the immune system during pregnancy. Am. 

J. Reprod. Immunol. 72, 107–116 (2014).
	25.	 Folstad, I. & Karter, A. J. Parasites, bright males, and the immunocompetence handicap. Am. Nat. 139, 603–622 (1992).
	26.	 Sapolsky, R. M., Romero, L. M. & Munck, A. U. How do glucocorticoids influence stress responses? Integrating permissive, sup-

pressive, stimulatory, and preparative actions. Endocr. Rev. 21, 55–89 (2000).
	27.	 DiPietro, J. A., Costigan, K. A., Kivlighan, K. T., Chen, P. & Laudenslager, M. L. Maternal salivary cortisol differs by fetal sex during 

the second half of pregnancy. Psychoneuroendocrinology 36, 588–591 (2011).
	28.	 Meulenberg, P. M. M. & Hofman, J. A. Maternal testosterone and fetal sex. J. Steroid Biochem. Mol. Biol. 39, 51–54 (1991).
	29.	 Kaňková, Š et al. Disgust sensitivity is negatively associated with immune system activity in early pregnancy: Direct support for 

the compensatory prophylaxis hypothesis. Evol. Hum. Behav. 43, 234–241 (2022).
	30.	 Żelaźniewicz, A. & Pawłowski, B. Disgust in pregnancy and fetus sex–longitudinal study. Physiol. Behav. 139, 177–181 (2015).
	31.	 Polák, J., Landová, E. & Frynta, D. Undisguised disgust: A psychometric evaluation of a disgust propensity measure. Curr. Psychol. 

N. B. NJ 38, 608–617 (2019).
	32.	 The jamovi project. jamovi. (2022).
	33.	 Miyaura, H. & Iwata, M. Direct and indirect inhibition of Th1 development by progesterone and glucocorticoids. J. Immunol. 

Baltim. Md 1950(168), 1087–1094 (2002).
	34.	 Haidt, J., McCauley, C. & Rozin, P. Individual differences in sensitivity to disgust: A scale sampling seven domains of disgust elici-

tors. Personal. Individ. Differ. 16, 701–713 (1994).
	35.	 Tybur, J. M., Lieberman, D. & Griskevicius, V. Microbes, mating, and morality: Individual differences in three functional domains 

of disgust. J. Pers. Soc. Psychol. 97, 103–122 (2009).
	36.	 Kupfer, T. R. Why are injuries disgusting? Comparing pathogen avoidance and empathy accounts. Emot. Wash. DC 18, 959–970 

(2018).
	37.	 Fava, G. A. et al. Hypochondriacal fears and beliefs in pregnancy. Acta Psychiatr. Scand. 82, 70–72 (1990).
	38.	 Odent, M. Fear of death during labour. Midwifery Today Int. Midwife 67, 20–22 (2003).
	39.	 Silva, M. M. de J., Nogueira, D. A., Clapis, M. J. & Leite, E. P. R. C. Anxiety in pregnancy: Prevalence and associated factors. Rev. 

Esc. Enferm. USP 51, 1–8 (2017).

https://doi.org/10.6084/m9.figshare.19354688.v4


10

Vol:.(1234567890)

Scientific Reports |         (2023) 13:4752  | https://doi.org/10.1038/s41598-023-31060-6

www.nature.com/scientificreports/

	40.	 Soto-Balbuena, C. et al. Incidence, prevalence and risk factors related to anxiety symptoms during pregnancy. Psicothema 30, 
257–263 (2018).

	41.	 Polachek, I. S., Harari, L. H., Baum, M. & Strous, R. D. Postpartum anxiety in a cohort of women from the general population: 
Risk factors and association with depression during last week of pregnancy, postpartum depression and postpartum PTSD. Isr. J. 
Psychiatry Relat. Sci. 51, 128–134 (2014).

	42.	 Miao, H. et al. Congenital anomalies associated with ambient temperature variability during fetal organogenesis period of preg-
nancy: Evidence from 4.78 million births. Sci. Total Environ. 798, 149305 (2021).

	43.	 Weinhold, B. Environmental factors in birth defects: What we need to know. Environ. Health Perspect. 117, A440–A447 (2009).
	44.	 Czeizel, A. E. & Puhó, E. Association between severe nausea and vomiting in pregnancy and lower rate of preterm births. Paediatr. 

Perinat. Epidemiol. 18, 253–259 (2004).
	45.	 Hinkle, S. N. et al. Association of nausea and vomiting during pregnancy with pregnancy loss: A secondary analysis of a randomized 

clinical trial. JAMA Intern. Med. 176, 1621–1627 (2016).
	46.	 Patil, C. L., Abrams, E. T., Steinmetz, A. R. & Young, S. L. Appetite sensations and nausea and vomiting in pregnancy: An overview 

of the explanations. Ecol. Food Nutr. 51, 394–417 (2012).
	47.	 Rantala, M. J. et al. Evidence for the stress-linked immunocompetence handicap hypothesis in humans. Nat. Commun. 3, 694 

(2012).
	48.	 Fessler, D. M. T. & Navarrete, C. D. The effect of age on death disgust: Challenges to terror management perspectives. Evol. Psychol. 

3, 147470490500300130 (2005).
	49.	 Olatunji, B. O., Haidt, J., McKay, D. & David, B. Core, animal reminder, and contamination disgust: Three kinds of disgust with 

distinct personality, behavioral, physiological, and clinical correlates. J. Res. Personal. 42, 1243–1259 (2008).
	50.	 van Overveld, M., de Jong, P. J., Peters, M. L. & Schouten, E. The Disgust Scale-R: A valid and reliable index to investigate separate 

disgust domains?. Personal. Individ. Differ. 51, 325–330 (2011).
	51.	 Oum, R. E., Lieberman, D. & Aylward, A. A feel for disgust: Tactile cues to pathogen presence. Cogn. Emot. 25, 717–725 (2011).
	52.	 Saluja, S. & Stevenson, R. J. Perceptual and cognitive determinants of tactile disgust. Q. J. Exp. Psychol. 72, 2705–2716 (2019).
	53.	 Liuzza, M. T. et al. The Body odor disgust scale (BODS): Development and validation of a novel olfactory disgust assessment. 

Chem. Senses 5, 107. (2016).

Acknowledgements
The author(s) would like to thank Jakub Kreisinger for his consultations regarding the statistical analysis of the 
data.

Author contributions
Š.K. provided oversight of the study. D.D. and J.H. coordinated the study and collected data. K.N. supervised 
patient recruitment and data collection. D.D., S.C.R. and Š.K. analyzed the data and wrote the first manuscript 
draft. All authors critically revised and approved the final manuscript.

Funding
This work was supported by the Czech Science Foundation project GAČR 20-16698S "Disgust sensitivity in 
pregnancy: Individual differences and longitudinal changes" (ŠK, JH, DD, KN). This work was also supported 
by Charles University Research Centre program No. 204056 (ŠK, JH).

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://​doi.​org/​
10.​1038/​s41598-​023-​31060-6.

Correspondence and requests for materials should be addressed to D.D.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2023

https://doi.org/10.1038/s41598-023-31060-6
https://doi.org/10.1038/s41598-023-31060-6
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Longitudinal changes in disgust sensitivity during pregnancy and the early postpartum period, and the role of recent health problems
	Methods
	Participants. 
	Study procedure. 
	Questionnaires. 
	Statistical analyses. 

	Results
	The effect of age, parity and fetus sex on disgust sensitivity. 
	Longitudinal changes in disgust sensitivity. 
	The effect of recent health problems on disgust sensitivity. 
	The effect of recent health problems on longitudinal changes in disgust sensitivity. 

	Discussion
	Longitudinal changes in disgust sensitivity. 
	Effect of recent health problems on disgust sensitivity. 
	Longitudinal changes in disgust sensitivity depending on the fetus sex. 
	Limitations. 

	Conclusion
	References
	Acknowledgements


