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Little attention has been paid to olfactory changes during pregnancy with contemporary studies limited in number and sample size. We exam-
ined whether pregnancy is associated with differences in olfactory performance and if there were any specific gestational ages at which these 
differences occur through a comprehensive systematic review and meta-analysis of the current literature. An initial electronic database search 
identified 234 citations, which were screened at the abstract level. Twenty-three citations were germane for full-text review, and 13 met criteria 
for inclusion. Our review assessed 5 olfactory measures of interest: odor identification (n = 11 articles), threshold (n = 8), discrimination (n = 
5), hedonics (n = 6), and intensity (n = 5). Nine of these 13 studies contained sufficient data for meta-analysis, and these studies included a 
total of 523 pregnant women and 365 non-pregnant controls. Despite previous subjective and objective reports of odor intolerances and odor 
hypersensitivity, we did not find any significant differences between pregnant and non-pregnant women in odor discrimination, thresholds, or 
hedonics. However, meta-analysis of 506 cases and 333 controls showed worse odor identification in pregnant women compared to controls 
in a random-effects model. Thus, we demonstrate worse performance at odor identification during pregnancy. In this review, we discuss the 
current evidence (and lack thereof) regarding olfaction in pregnancy as well as highlight current knowledge gaps in this field.
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Introduction
The sense of smell is vital for environmental hazard detec-
tion (Stevenson 2010) and along with taste and other senses 
influences eating behavior and nutrition (Beauchamp and 
Mennella 2011; Boesveldt and de Graaf 2017). Olfaction 
may help mothers avoid harmful substances, such as spoiled 
food containing pathogens or toxins, and focus on calorie 
dense nourishment needed for the increasing metabolic de-
mands of pregnancy. Therefore, changes in olfactory percep-
tion during pregnancy may affect the health of the mother 
and fetus (Boesveldt and Parma 2021). However, despite 
these important implications, little attention has been paid 
to olfactory changes during pregnancy with contemporary 
studies limited in number and sample size.

A small number of studies have examined self-reported 
odor changes in pregnancy and have shown that as many as 
two-thirds of healthy women report enhanced sense of smell 
or hyperosmia (Cameron 2007), abnormal sensitivity (Nordin 
et al. 2004), or specific sensitivity to one or more odors 
(Nordin et al. 2007; Cameron 2014a). With self-evaluation 
of olfactory function considered unreliable (Landis et al. 
2003; Lötsch and Hummel 2019), researchers have focused 
on objective olfactory assessments such as the University of 
Pennsylvania Smell Identification Test (UPSIT) (Doty et al. 

1984) or “Sniffin’ Sticks” test (SST) (Hummel et al. 1997). 
To date, no studies have provided evidence for enhanced ol-
factory function in pregnancy with these objective tools, but 
instead report that healthy pregnant women (Savović et al. 
2002; Ochsenbein-Kölble et al. 2007; Nwankwo et al. 2017; 
Şimşek et al. 2021) and women with hyperemesis gravidarum 
(Yasar et al. 2016; Tan et al. 2020; Şimşek et al. 2021) experi-
ence olfactory impairment or hyposmia, while other studies 
report no differences in any olfactory measure between preg-
nant and non-pregnant women (Gilbert and Wysocki 1991; 
Laska et al. 1996; Kölble et al. 2001; Cameron 2007, 2014b; 
Kyung-yeon 2014; Fornazieri et al. 2019). Overall, studies 
examining olfaction and pregnancy report conflicting results 
with little consensus.

To overcome this problem of conflicting information, we 
pooled data to investigate potentially novel insights. Through 
a comprehensive systematic review and meta-analysis of the 
current literature, we examined olfactory function in preg-
nancy across different types of olfactory measures, including 
odor threshold (OT), identification (OID), discrimination 
(OD), hedonics (OH) and intensity (OI). Our primary aim was 
to explore whether pregnancy is associated with differences in 
olfactory performances across these measures, while our sec-
ondary aim was to identify other potential moderating factors.
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Methods
Literature search strategy
We performed a comprehensive literature search across 
PubMed, Scopus, Web of Science, and Google scholar data-
bases of the English language. We examined human olfac-
tion studies on several occasions from inception of the study 
until February 2022 following the Preferred Reporting Items 
for Systematic Reviews and Meta-analysis (PRISMA) guide-
lines (Liberati et al. 2009). Search terms included and related 
to “olfaction,” “smell,” and “pregnancy.” The full database 
strategy can be found in Supplementary Table 1. Additional 
studies were identified by performing manual reference list 
searches in PubMed.

Inclusion and exclusion criteria
Three authors (SA, LW, and DZ) independently screened 
all study titles and abstracts for eligibility using the Rayyan 
screening tool (Ouzzani et al. 2016). This screening phase 
sought to identify all studies providing information on ol-
faction and pregnancy using either objective olfaction in-
struments or quantitative measures. Outcomes of interests 
included different olfactory abilities, such as (i) OID, (ii) OT, 
(iii) OD, (iv) OH, and (v) OI. Inclusion criteria were: healthy, 
pregnant subjects ≥ 18 years of age with at least one out-
come of interest measured numerically with an olfaction in-
strument. Articles were also included in the full-text screening 
phase if the method was unclear from the abstract. Articles 
were excluded if they reported only qualitative olfactory in-
formation or included patients with known recognized causes 
of olfactory dysfunction such as those with nasal or sinus 
disease, history of head injury, or neurocognitive disorders. 
There were no restrictions on trimester or parity. Reviews, ab-
stracts, case reports, studies not available in the English lan-
guage, unavailable studies, and studies with insufficient data 
were excluded. Disagreements among screeners were resolved 
through discussion to obtain consensus.

Data extraction and quality assessment
Three researchers (SA, LW, DZ) independently extracted 
information, which included the following: author, publi-
cation year, study design, number of cases and controls, ges-
tational trimester, olfaction test method(s), outcome means 
with standard deviations (SD) and main findings. Outcome 
data that were only presented graphically were extracted 
using WebPlotDigitizer (Rohatgi 2021). In addition, all three 
researchers evaluated included full-text documents using 
a modified Newcastle-Ottawa Scale (NOS) for cohort and 
case-control studies to assess methodological quality (Wells 
et al. 2000). The modified NOS has six criteria and the pos-
sibility of obtaining up to eleven stars if all criteria are met. 
The parameters assessed are in three categories: selection of 
the study groups, comparability of the groups, and the as-
sessment of the outcome of interest. The scores range from 
0 to 11, with “good” quality studies possessing scores from 
7 to 11, “fair” quality studies possessing scores from 4 to 
6, and “poor” quality studies possessing scores from 0 to 3. 
Further breakdown of the scoring for each study can found in 
Supplementary Table 2.

Statistical analysis
Meta-analyses were conducted using the metafor package in 
R (Viechtbauer 2010). The effect size in our analysis was the 

standardized mean difference (SMD), which we calculated 
from the reported means and SDs. When unavailable, mean 
and SD were estimated from medians and ranges according 
to the proposed method by Hozo and colleagues (2005). 
Effect sizes were calculated for an olfactory task if two or 
more studies reported data. The heterogeneity (e.g. between-
study variance) across analyses was calculated using I2 static, 
with heterogeneity quantified as a percentage. Low, moderate, 
and high heterogeneity correspond to 25%, 50%, and 75%, 
respectively.

For cross-sectional studies with trimester subgroups, these 
subgroups were aggregated into a single group (“collapsed 
trimester” group) by calculating a weighted average mean (i.e. 
mean regardless of trimester) and SD for the different types of 
olfactory data. We did this to account for the limited sample 
size for certain trimesters and to compare pregnant women 
to non-pregnant women regardless of trimester status. For 
longitudinal studies examining trimester subgroups, the first 
recorded measurement was used for collapsed analysis of a 
single pregnant group. Along with subgroups analyses com-
paring coefficients with the Wald-type test (QM) (Borenstein 
et al. 2021), univariate multilevel meta-regressions were con-
ducted to assess the influence of potentially relevant moder-
ators on the effect size of olfactory tasks. Forest plots were 
used to summarize the results of included studies. Publication 
bias was assessed by funnel plot visualization as there were 
too few studies to use Egger’s regression test for funnel plot 
asymmetry (Page et al. 2022). All analyses were performed 
using R version 4.1.1 (R Core Team 2022). A P-value of < 
0.05 was considered statistically significant for all analyses.

Results
Study selection
Figure 1 shows the identification and selection process for our 
included studies. The initial electronic database search iden-
tified 234 relevant abstracts, of which 23 manuscripts were 
included for full-text review. Of these, only 13 met inclusion 
criteria, with 10 records removed because they did not con-
tain quantitative data of olfactory function (n = 7), our popu-
lation of interest (n = 1), or our outcomes of interest (n = 2; 
details in supplementary information). Sufficient data were 
available in 9 of these 13 included studies for meta-analysis. 
The 9 studies included a total of 523 pregnant women and 
365 non-pregnant controls.

Study characteristics
Full-text screening revealed 5 main areas of interest in the 
included nine studies: OID (n = 11), OT (n = 8), OD (n = 5), 
OH (n = 6), and OI (n = 5). The studies that assessed OID, 
OT, OD, and OH yielded data amenable to meta-analysis. 
Studies that examined OI lacked comparable data. Most 
studies were fair quality (n = 8), with five studies being good 
quality, and no studies being poor quality (Supplementary 
Table 2). Details of each of the included studies are summar-
ized in Table 1.

The tools used for quantitative assessment of olfactory 
function varied among the included studies, and only select 
instruments were utilized in multiple studies: 4 studies used 
the SST smell test battery of 16 odorants (Kölble et al. 2001; 
Ochsenbein-Kölble et al. 2007; Kyung-yeon 2014; Nwankwo 
et al. 2017), 3 used the UPSIT (Dastur 2000; Cameron 2007; 

http://academic.oup.com/chemse/article-lookup/doi/10.1093/chemse/bjac035#supplementary-data
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Fornazieri et al. 2019) and 2 studies (Dastur 2000; Cameron 
2014b) used the phenyl ethyl alcohol (PEA) smell threshold 
test with the same staircase protocol (Doty 2000).

Sample characteristics
Among the 9 cross-sectional studies, only 2 did not spe-
cify gestational ages (Gilbert and Wysocki 1991; Cameron 
2014b). All 5 longitudinal studies assessed women at each 
trimester and in the postpartum period, for a total of four 
assessments (Laska et al. 1996; Dastur 2000; Ochsenbein-
Kölble et al. 2007; Cameron 2014b; Kyung-yeon 2014). In 
addition to gestational information, the included samples of 
the 13 studies were from 9 different countries.

Odor identification
Eight of the included studies provided data appropriate for 
meta-analysis investigating OID (Dastur 2000; Kölble et 
al. 2001; Cameron 2007; Ochsenbein-Kölble et al. 2007; 

Kyung-yeon 2014; Şimşek et al. 2015; Nwankwo et al. 2017; 
Fornazieri et al. 2019). These studies included a total of 506 
cases and 333 controls.

Meta-analysis using these 8 studies showed worse OID 
in the collapsed trimester group compared to controls in a 
random-effects model (k = 8, SMD, −0.32 [95% CI, −0.54 to 
−0.09]; P = 0.05; I2 = 48.88%; see Fig. 2). Sensitivity analysis 
examining only cross-sectional studies separately showed 
similar results (k = 5, SMD, −0.45 [95% CI, −0.70 to −0.19]; 
P < 0.001; I2 = 41.52%; data not shown). On subgroup ana-
lyses with between-group comparison, trimester did not sig-
nificantly influence effect size with respect to OID (QM = 0.25, 
df = 2, P = 0.88). Also, while the effect size did not signifi-
cantly depend on the type of olfactory test in comparisons of 
all 3 types (QM = 4.03, df = 2, P = 0.13), use of the SST was 
associated with a larger effect size compared to use of the 
UPSIT (QM = 15.44, df = 2, P < 0.004). There was no strong 
evidence of publication bias based on funnel plot visualiza-
tion (Supplementary Fig. 1).

Fig. 1. PRISMA flow chart of olfaction in pregnancy study selection process.

http://academic.oup.com/chemse/article-lookup/doi/10.1093/chemse/bjac035#supplementary-data
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Odor detection threshold
Six of the included studies were appropriate for meta-
analysis investigating OT (Dastur 2000; Kölble et al. 2001; 
Ochsenbein-Kölble et al. 2007; Cameron 2014b; Kyung-yeon 
2014; Nwankwo et al. 2017). These studies included a total 
of 274 pregnant cases and 265 non-pregnant controls.

Meta-analysis using these six studies showed no differ-
ences in OT between the collapsed trimester group and 
the controls in a random-effects model (k = 6, SMD, 0.19 
[95% CI, −0.23 to 0.61]; P = 0.38; I2 = 81.38%; see Fig. 3). 
On subgroup moderator analyses, SMDs significantly dif-
fered with the type of olfactory test used (QM = 9.54, df 
= 1, P = 0.002), with the SST (which measures threshold 

to n-butanol) demonstrating a larger effect size compared 
to PEA threshold test. However, there were no differences 
by trimester when examining the two studies that contained 
data across gestational ages (QM = 3.44, df = 4, P = 0.49). 
Whereas funnel plot asymmetry was observed, the number of 
studies is too small to infer publication bias (Supplementary 
Fig. 2) (Sterne et al. 2011).

Odor discrimination
Four of the included studies were appropriate for meta-
analysis investigating OD and all used SST (Kölble et al. 2001; 
Ochsenbein-Kölble et al. 2007; Kyung-yeon 2014; Nwankwo 

Fig. 2. Forest plot depicting the standardized mean difference for odor identification in the collapsed, single pregnant group compared to controls. CI, 
confidence interval; OID, odor identification. Size of black square box represents relative sample size.

Fig. 3. Forest plot depicting the standardized mean difference for odor detection threshold in the collapsed, single pregnant group compared to 
controls. CI, confidence interval; OT, odor threshold. Size of black square box represents relative sample size.

http://academic.oup.com/chemse/article-lookup/doi/10.1093/chemse/bjac035#supplementary-data
http://academic.oup.com/chemse/article-lookup/doi/10.1093/chemse/bjac035#supplementary-data
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et al. 2017). These studies included a total of 211 pregnant 
cases and 215 non-pregnant controls.

Meta-analysis using these 4 studies showed no differences 
in OD between the collapsed trimester subgroup and con-
trols in a fixed-effect model (k = 4, SMD, 0.004 [95% CI, 
−0.19 to 0.19]; P = 0.96; I2 = 0.00%; see Fig. 4). Sensitivity 
analyses examining only 1st trimester cases showed similar 
results (k = 3, SMD, 0.05 [95% CI, −0.19 to 0.28]; P = 0.71; 
I2 = 0.00%). We were unable to compare other trimesters 
or perform moderator analyses. There was no strong evi-
dence of publication bias based on funnel plot visualization 
(Supplementary Fig. 3).

Odor Hedonics
The six studies that quantified OH varied in the instruments 
they used for assessment. Three studies utilized a similar in-
strument, a visual-analog scale (VAS) (Kölble et al. 2001; 
Ochsenbein-Kölble et al. 2007; Fornazieri et al. 2019). Two 
of the three studies examined the same 10 “natural odors” 
(Kölble et al. 2001; Ochsenbein-Kölble et al. 2007). The third 
study only studied 2 of the 10 “natural odors” resulting in 
2 total overlapping odorants (coffee and clove) that were 
studied in all three studies that quantified OH using a VAS. 
However, only 2 studies contained sufficient data for one 
odorant, coffee, for analysis (Ochsenbein-Kölble et al. 2007; 
Fornazieri et al. 2019). These studies included a total of 85 
pregnant cases and 96 non-pregnant controls.

Meta-analysis showed no differences in pleasantness of 
coffee between the single pregnant subgroup and controls in 
a random-effects model (k = 2, SMD, −0.70 [95% CI, −2.64 
to 1.23]; P = 0.48; I2 = 97.25%; see Fig. 5). Sensitivity ana-
lyses examining only 1st trimester cases showed similar re-
sults (k = 2, SMD, −1.06 [95% CI, −3.12 to 1.00]; P = 0.31; 
I2 = 97.38%). Finally, on subgroup moderator analyses, 
the effect size was not influenced by gestational age (QM = 
0.39, df = 4, P = 0.98; data not shown). There was no strong 

evidence of publication bias based on funnel plot visualiza-
tion (Supplementary Fig. 4).

Odor intensity
The five studies that examined OI varied in the instruments 
they used for measurement. Only 2 studies examined ratings 
of 10 “natural odors” using a VAS (Kölble et al. 2001; 
Ochsenbein-Kölble et al. 2007), and 2 other studies utilized 
UPSIT odors, but they employed different strategies and used 
a different number of odors (Cameron 2007; Fornazieri et al. 
2019). Despite similar instruments, the studies were too het-
erogeneous for meaningful meta-analysis.

Discussion
General findings
Our study is the first to explore olfaction in pregnancy with 
a systematic review and meta-analysis including data from 
different time points in pregnancy and from diverse popu-
lations. We primarily quantitatively examined four different 
types of olfactory measures: identification, detection, discrim-
ination, and hedonics. Despite the subjective reports and pre-
vious studies that have reported odor intolerances and odor 
hypersensitivity in pregnancy, we did not find enhancement in 
sense of smell when measured objectively. Most of the studies 
included in our meta-analysis examined OID, and we found 
that pregnant women were worse at OID compared to con-
trols. We did not find any trimester-specific effects on ID.

Odor identification and cognition in pregnancy and 
the postpartum period
The exact mechanisms responsible for impaired odor identi-
fication in pregnancy remain unknown, but one hypothesis 
is that olfactory impairment may be related to the cognitive 
changes observed during pregnancy. Compared to discrimin-
ation and sensitivity, olfactory identification is thought to be 

Fig. 4. Forest plot depicting the standardized mean difference for odor discrimination in the collapsed, single pregnant group compared to controls. CI, 
confidence interval; OD, odor discrimination. Size of black square box represents relative sample size.

http://academic.oup.com/chemse/article-lookup/doi/10.1093/chemse/bjac035#supplementary-data
http://academic.oup.com/chemse/article-lookup/doi/10.1093/chemse/bjac035#supplementary-data
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a higher order olfactory task that draws on semantic memory, 
verbal fluency, and executive function (Hedner et al. 2010), 
all of which have been shown in recent meta-analyses to be 
impaired in pregnancy (Henry and Rendell 2007; Davies et 
al. 2018). Furthermore, a converging body of evidence sug-
gests that the decreased cognitive functioning seen during 
pregnancy may be a short-term effect related to the influence 
of unprecedented hormonal fluctuations on brain architecture 
(Hoekzema et al. 2017; Barth and de Lange 2020; Rehbein et 
al. 2022). Multiple studies have shown associations in reduced 
grey matter volumes, decreased cognition, and the hormonal 
variations during pregnancy (Hoekzema et al. 2017; Rehbein 
et al. 2022), with some of these grey matter changes lasting up 
to 2 years (Hoekzema et al. 2017). Additionally, some of the 
identified brain regions in these studies that are affected by 
pregnancy have considerable overlap with those involved in 
central olfactory processing, such as the amygdala, entorhinal 
cortex, and cingulate cortex (Soudry et al. 2011). These dy-
namic structural and functional changes may prepare women 
for maternal behavior, such as fostering maternal-infant at-
tachment, recognizing the needs of the infant, and responding 
to threats to the infant’s wellbeing (Barba-Müller et al. 2019). 
We hypothesize that higher-odor cognitive processing, which 
includes odor identification, may be inadvertently affected by 
this powerful neuroplastic remodeling. Whether there are any 
evolutionary benefits of these changes during pregnancy re-
mains to be elucidated.

Furthermore, growing evidence also shows that changes in the 
maternal brain extend into the postpartum period. Researchers 
have observed that instead of the former decreased grey matter 
volume seen during active pregnancy, there is increased grey 
matter volume in large areas such as the prefrontal cortex, par-
ietal lobe, and midbrain during the postpartum period (Kim et 
al. 2010). Some of the brain volume lost during pregnancy may 
be recovered after birth (Barba-Müller et al. 2019). Related to 
this, we did not find worse OID in the postpartum period, po-
tentially indicating that the recovery of OID may be linked to 
these postpartum brain changes.

Odor sensitivity
Over the past 3 decades, researchers have failed to consist-
ently demonstrate objective sensitivity differences between 

pregnant women and non-pregnant controls. The first study 
to examine olfactory detection thresholds longitudinally and 
quantitatively across pregnancy, Laska et al. (1996) used an 
ascending staircase procedure with n-butanol and found that 
thresholds in 20 pregnant women were higher (worse odor 
detection) in the 1st trimester but lower (better odor detec-
tion) in the 3rd trimester compared to 20 controls. Contrary 
to this early study, another more recent study examined 20 
pregnant and 22 non-pregnant women longitudinally and 
17 pregnant and 32 non-pregnant women cross-sectionally 
using a single staircase procedure with PEA and found no 
differences in detection thresholds (Cameron 2014b). Only 
2 other studies have reported differences in olfactory detec-
tion thresholds: one reported decreased detection thresholds 
only from the 35th week of pregnancy until the postpartum 
period using a staircase procedure with n-butanol dilutions 
presented in Sniffin’ Sticks in a geometric series (Ochsenbein-
Kölble et al. 2007), and the other, an unpublished report, 
found decreased detection thresholds throughout all 3 trimes-
ters of pregnancy with the greatest effect seen in the 1st tri-
mester using a single staircase procedure with PEA presented 
in glass jars (Dastur 2000).

In agreement with the lack of consistent OT-related find-
ings in the current literature, our moderator analysis of tri-
mester effects on olfactory detection thresholds did not show 
any difference by trimester or during the postpartum period 
with pooled data. However, we believe there are important 
explanations as to why we and other researchers have not 
detected differences. First and foremost, the monomolecular 
odor stimuli used to assess odor detection thresholds are likely 
not contextually relevant to pregnant women. Both non-food 
odors, the pleasant rose-like odor PEA and the non-familiar, 
“sweet” alcohol n-butanol, were used in the studies included 
in this meta-analysis, even though a majority of pregnant 
women report they are hypersensitive to unpleasant odors, 
particularly food odors (Nordin et al. 2004; Cameron 2007, 
2014b). Since olfactory changes may theoretically prevent 
soon-to-be mothers from ingesting toxic substances (Profet 
1988) and directing them to nutrient dense foods, odor sensi-
tivity is likely selective and not generalizable across all odors. 
Given that neither past research with standardized and ob-
jective odor detection threshold testing nor our meta-analysis 

Fig. 5. Forest plot depicting the standardized mean difference for odor hedonics of coffee in the collapsed, single pregnant group compared to controls. 
CI, confidence interval. Size of black square box represents relative sample size.
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demonstrate sensitivity differences, future research should 
focus on developing relevant monomolecular or multi-
molecular odor stimuli to assess odor sensitivity in pregnancy.

Odor intensity
Although several studies have explored pregnant women’s 
ratings of the intensity of odors (Gilbert and Wysocki 
1991; Laska et al. 1996; Kölble et al. 2001; Cameron 2007; 
Ochsenbein-Kölble et al. 2007), data collection methods were 
too heterogeneous to support a meta-analysis. Given the het-
erogeneity of data collection and that only small differences 
were observed in the few studies that have examined intensity 
ratings of a range of odors, future research should explore 
ratings of odors that are at and above threshold. Such data 
may reveal ways in which pregnant women’s experience with 
odors differs from non-pregnant women and may influence 
their behavior, particularly in food selection and enjoyment. 
Odor intensity and their hedonics, discussed below, may con-
tribute to the nausea and vomiting that afflicts many pregnant 
women.

Odor Hedonics
Odor hedonics, or pleasantness, might be the most important 
dimension of odors for pregnant women. This is the one di-
mension on which self-report and objective measures of ol-
faction are in accord. Pregnant women’s self-report and their 
ratings of odor pleasantness both reflect an overall decrease 
in the pleasantness of most odors (Cameron 2014b). Multiple 
studies have found that there is at least a tendency for preg-
nant women to rate many odors as less pleasant than non-
pregnant controls do (Gilbert and Wysocki 1991; Laska et 
al. 1996; Kölble et al. 2001; Swallow et al. 2005; Cameron 
2007; Ochsenbein-Kölble et al. 2007). However, these studies 
varied in both the method used to measure hedonics and, in 
the odors, presented.

Unfortunately, given the lack of a standardized test method 
for measuring odor hedonics, it was difficult for us to evaluate 
the quality of published data and to compare differences 
across studies using meta-analysis. Given this limitation, 
while previous studies have observed changes in pregnant in-
dividuals’ tolerance of odorants such as coffee, cloves, cigar-
ettes, rum, and acetic acid, our meta-analysis was limited to 
two samples and one odor (coffee). Our analysis did not re-
veal a significant difference in hedonic ratings between preg-
nant and non-pregnant women.

While historically a variety of subjective reporting 
methods have been used to evaluate odor hedonics, it would 
be beneficial for research to employ similar assessment tools 
to further explore odor hedonics in pregnancy. Moreover, the 
odors employed in most studies of olfaction in pregnancy 
have not been selected based on knowledge about pregnant 
women’s experience with odors, but rather are based on 
standard odors used in testing human olfaction. Pregnancy 
may not affect the experience of all odors equally. For ex-
ample, there is no readily apparent reason that odors such 
phenyl ethyl alcohol (a rose odor), commonly used to test 
human OT, would be processed differently by pregnant 
women. Rather, pregnant women might be more sensitive 
to or be better able to identify odors such as coffee (as ex-
plored in our meta-analysis, but with only two studies from a 
single research group), which many women avoid consuming 
during pregnancy.

Furthermore, hedonic ratings could be used to select odors 
that many pregnant women rate as particularly pleasant or 
unpleasant that could then be used in objective olfactory tests, 
such as detection, discrimination, and identification.

Limitations
The present study has several limitations. First, the number 
of included studies is small (n = 13) as are their sample sizes, 
emphasizing that olfaction in pregnancy is an understudied 
topic. Furthermore, different olfactory tools were used. Both 
the UPSIT and SST were commonly employed, as well as dif-
ferent culturally adapted versions of these olfactory tools 
(Kyung-yeon 2014; Şimşek et al. 2015; Fornazieri et al. 2019). 
The use of the same type and version of olfaction tools would 
likely decrease the heterogeneity and enhance the reliability 
of our results. While the inclusion of ethnically and cultur-
ally diverse populations support high external validity for our 
findings and trends, cultural factors such as the familiarity or 
lack of familiarity with certain odors can influence the scores 
on these tests (Shu et al. 2007), which make the culturally 
adapted tools more in line with normative data (Doty 1995). 
One of our studies used a non-adapted tool (Nwankwo et al. 
2017) that likely influenced the scores in that population.

Next, we noted limited and varying documentation of po-
tential confounders important to the interpretation of olfac-
tory performance results. For instance, three studies merely 
requested participants to refrain from smoking before testing 
(Kölble et al. 2001; Ochsenbein-Kölble et al. 2007; Nwankwo 
et al. 2017), while only 6 of the 13 studies explicitly ex-
cluded women who smoked (Laska et al. 1996; Dastur 2000; 
Olofsson et al. 2005; Cameron 2007, 2014b; Şimşek et al. 
2015), and no studies gathered data on depression. Smoking 
and depression have been reported to be associated with de-
creased olfactory performance (Kohli et al. 2016; Ajmani et 
al. 2017) and it should be noted by researchers whether par-
ticipants were screened for these factors or not. Two other 
factors potentially important to olfaction in pregnancy that 
were not overtly mentioned in the studies were race/ethni-
city (Pinto et al. 2014), and cognition (Yahiaoui-Doktor et 
al. 2019).

Conclusions and future directions
Despite anecdotal evidence and survey data, our meta-
analyses of studies that used objective olfactory tools revealed 
hyposmia, not hyperosmia, during pregnancy. This was only 
the case for odor identification; however, no differences were 
observed for other olfactory measures. Given the limited 
number of studies available for analysis and the range of ol-
factory tools and odors employed in those studies, these re-
sults should be interpreted with caution. There is a need for 
more studies at all stages of pregnancy and postpartum, with 
more diverse samples and with odors that are contextually 
relevant. Future studies should carefully select food or other 
odors that have established pleasantness and intensity ratings 
to better characterize odorant-specificity in pregnant women. 
Furthermore, studies could also focus on understanding the 
differences in sensory and cognitive changes in the olfactory 
system by administering cognitive test batteries along with 
olfactory testing. Finally, measuring olfactory performance 
and hormone levels concomitantly could help elucidate po-
tential mechanisms by which the hormones present during 
pregnancy impact olfaction.
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