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A B S T R A C T 

Nausea and vomiting in pregnancy (NVP) have been proposed to have a prophylactic function. In this 

review, I re-examine NVP from an evolutionary perspective in light of new research on NVP. First, current 

evidence suggests that the observed characteristics of NVP does not align well with a prophylactic func-

tion. Further, NVP is typically associated with high costs for pregnant women, while moderate-to-severe 

NVP is associated with increased risks of poorer foetal/birth outcomes. In contrast, mild NVP limited 

to early pregnancy may associate with improved foetal outcomes—indicating a potential evolutionary 

benefit. Second, researchers have recently identified growth differentiation factor 15 (GDF15) to cause 

NVP, with implications that low-levels of pre-conception GDF15 (associated with lower cellular stress/

inflammation) may increase risks/symptoms of NVP. If so, NVP in contemporary post-industrialized 

populations may be more severe due to environmental mismatch, and the current symptomology of NVP 

in such populations should not be viewed as a typical experience of pregnancy.

LAY SUMMARY Nausea and vomiting is a common condition experienced during pregnancy (NVP). 

While NVP was thought to benefit mum and baby in the past, more recent research suggests anything 

beyond mild nausea and vomiting may cause harm. The recently uncovered hormonal pathways of NVP 

indicate modern environments may be exacerbating symptoms of NVP.

INTRODUCTION

Nausea and vomiting in pregnancy (NVP) is a 
common condition estimated to impact approxi-
mately 70% of pregnant women (according to data 
primarily from post-industrialized populations) [1]. 
Until relatively recently, even into the 21st century, 
NVP was often assumed to be a psychosomatic 
symptom where psychological trauma relating to 
the pregnancy manifested as physical symptoms of 
vomiting and nausea [2]. This flawed assumption 

stifled research advancements, with very little 
scientific attention paid towards understanding 
NVP. Over the past decade, however, we have 
seen more research on the wide-ranging impact 
of NVP on women and their offspring [3]. Recently, 
researchers have finally successfully identified one 
of the physiological mechanisms underlying NVP, 
where growth differentiation factor 15 (GDF15) 
has been causally linked to NVP prevalence and 
severity [4, 5]. For evolutionary scholars, these new 
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advancements in the field are highly exciting: NVP is not typically 
observed among non-human animals [6], which makes us ques-
tion why. With an improved understanding of the fitness conse-
quences and mechanisms behind NVP, we are in better position 
to consider why NVP exists in humans. In this review, I revisit 
existing evolutionary theories on NVP in light of recent research 
findings.

What is NVP?

While NVP is sometimes incorrectly referred-to as ‘morning 
sickness’, most women experience NVP at any time of day [1]. 
For the majority of pregnancies, NVP symptoms begin to ease 
after the first trimester, but current estimates suggest one in four 
women will continue to experience NVP into their third trimester 
[1]. NVP is typically viewed as a ‘normal’ side-effect of pregnancy, 
but more severe cases leading to dehydration, weight loss, and 
ketosis is viewed as pathological and may be diagnosed as 
hyperemesis gravidarum. Due to the under-diagnosis and under- 
recording of hyperemesis gravidarum, its prevalence is chal-
lenging to ascertain—but recent studies suggest hyperemesis  
gravidarum may present in 0.3–10.8% of pregnant women [3].

NVP, even in milder forms, is associated with a significant 
reduction in quality of life and wellbeing [7, 8] and increased risks 
of antenatal and postpartum depression [9–12]. In the USA alone, 
NVP is estimated to lead to an average of 23 days lost from work, 
with a total economic burden of $1.7 billion [13]. While acknowl-
edging these negative experiences and consequences of NVP, 
evolutionary scholars have previously argued that NVP (exclud-
ing hyperemesis gravidarum) may be an adaptation that ultimately 
leads to greater maternal reproductive success. The prophylactic 
function hypothesis suggests that NVP may protect the foetus 
from potentially harmful toxins and pathogens, which may be 
particularly important during the first trimester where there are 
greater foetal vulnerabilities combined with systemic maternal 
immunosuppression and higher risks of spontaneous abortion 
[6, 14–18]. The maternal-and-embryo-protection hypothesis addi-
tionally proposes direct benefits for mothers, whereby NVP mit-
igates against the increased risks of infectious diseases caused 
by the pregnancy-related immunosuppression [6, 19]. These 
hypothesized inclusive fitness benefits may outweigh the costs 
of NVP, especially in the first trimester where maternal energy 
requirements remain the same as pre-conception [20].

In support, NVP is most commonly experienced in the first 
trimester which correlates with the period of greatest foetal and 
maternal vulnerability [6]. Further, food aversions have been 
described to be targeted towards foodstuff with greater infec-
tion/toxicity risks, such as meat, alcohol, and caffeine [6]. A com-
parative study of country-level dietary characteristics and NVP 
prevalence found that higher population-level consumption of 

animal products, alcohol, and stimulants (among other things) 
are associated with increased NVP prevalence [21]. This suggests 
mothers may be more likely to experience NVP in populations 
contexts where there is higher exposure to ‘risky’ and ‘toxic’ 
foods, supporting the hypothesis that NVP may indeed have a 
prophylactic function. In addition, some studies have found that 
NVP is associated with lower risks of miscarriage [22, 23], while 
analysis of cohort studies from Norway and Japan both found 
NVP to be associated with better birth outcomes, including full-
term birth and higher birthweight [24, 25], suggesting NVP may 
translate to better foetal quality overall.

Is NVP adaptive? Current evidence

While the aforementioned studies seem to support NVP as 
an adaptation, careful consideration of the causal pathways is 
required. For example, rather than NVP directly causing lower 
miscarriage risk, it may be that NVP is primarily experienced by 
those with viable pregnancies [26] – and the association between 
NVP and lower miscarriage risk may be an analytical by-product 
of survivorship bias. It is therefore crucial to carefully map-out the 
costs and benefits associated with NVP, as well as consider the 
mechanisms underpinning these associations. Below, I explore 
current evidence on any benefits associated with NVP and con-
sider the implications for functional explanations of NVP.

Does NVP function to reduce exposure to infections/toxins?
Both the prophylactic function hypothesis and the maternal- 
and-embryo-protection hypothesis propose that NVP-related 
nutritional restriction and food aversions reduce the risks of 
infection and toxin exposure, consequently reducing miscarriage 
risk. A key component of these adaptive hypotheses is targeted 
food aversions, particularly around animal products which have 
increased risks of infections (e.g. toxoplasma infections from 
meat, brucellosis infections from unpasteurized dairy consump-
tion) [6]. While detailed studies of maternal diet and NVP are 
scarce, a Finnish study found that NVP was associated with 
reduced meat consumption in line with this hypothesis [27]. 
However, women with NVP in this study also reduced their veg-
etable intake [27], meaning it is not clear whether food aversions 
were specifically targeted towards ‘high-risk’ foods.

In fact, several studies show that the diets of women who 
experience NVP are typically less optimal for maternal–foetal 
health compared to those who do not experience NVP: in one 
study conducted in China, women with NVP had comparatively 
lower intake of energy overall, with lower consumption of pro-
tein, fat, vitamin A, iron, potassium, zinc to name a few [28], indi-
cating they were eating less food in general. In a study conducted 
in Norway, women experiencing NVP consumed proportionally 
higher levels of carbohydrates which was largely driven by greater 

D
ow

nloaded from
 https://academ

ic.oup.com
/em

ph/article/12/1/97/7702671 by Eastm
an D

ental Institute user on 16 July 2024



Re-examining nausea and vomiting in pregnancy Emmott  |  99

intake of sugar-containing soft drinks [26], while in a UK birth 
cohort study, women who had severe NVP tended to reduce their 
food consumption while increasing intake of white bread and 
soft drinks [29]—meaning NVP was generally associated with a 
poorer diet. Although it is important to note that there is great 
variation in the impact of NVP on maternal diet [29], these find-
ings raise questions about whether pregnant women are reduc-
ing consumption of solid food as a coping mechanism to NVP 
[26], rather than avoiding specific ‘risky’ foods which may contain 
pathogens or toxins. If food-avoidance is general rather than tar-
geted, careful consideration must be made on how these dietary 
changes in pregnancy would be beneficial for maternal-foetal 
outcomes, as it may increase the risk of nutritional deficiencies 
[26–28]. Even in the 1st trimester, micronutrient deficiencies and 
poorer diets are associated with poorer birth outcomes [30, 31]. 
While rare, cases of maternal brain damage (Wernicke’s enceph-
alopathy) due to acute thiamine deficiency caused by hyperem-
esis gravidarum have been reported [32]. Further, it is important 
to note that most ‘risky infections’ during pregnancy are not 
foodborne (e.g. malaria, dengue fever, flu) [33]. Given the impor-
tance of adequate nutritional status to resist/fight infections [34], 
it is not immediately clear how general food aversions will lead to 
an inclusive fitness benefit.

Further, if one assumes a protective effect of NVP via avoid-
ance of food-related infection/toxicity, we may predict a greater 
prevalence of NVP among women with higher risks of infection 
(such as those experiencing immunosenescence), toxin expo-
sure (such as smokers), and miscarriage overall. However, NVP 
risk is more common among younger women [26], even though 
older women are more likely to benefit from the prophylactic 
function of NVP as they hold greater risks of miscarriage and 
comparative immunosenescence [35, 36]. Other studies show 
that pre-conception alcohol consumption and smoking are 
broadly associated with lower levels of NVP during pregnancy 
[26, 28, 37, 38] (although once NVP is emerges it may lead to 
reduced alcohol consumption/smoking [37]). Again, if NVP has 
a prophylactic function, we may expect NVP prevalence to be 
higher among women who have greater exposure to toxins, par-
ticularly in regard to smoking due to its robust association with 
immunosuppression, increased vulnerabilities to infection, and 
miscarriage [39, 40]. Of course, one could argue that Tabacco 
exposure is relatively novel in Europe and Asia [41], therefore 
evolved prophylactic mechanisms of NVP may not adequately 
compensate for the increased risks associated with smoking. 
Nonetheless, current studies suggest that, at the individual level, 
women who are more likely to benefit from NVP are typically not 
more likely to experience NVP.

Taken together, current evidence around how NVP presents 
among pregnant women does not align well with the evolution-
ary hypothesis that NVP has a prophylactic function. In contrast, 

there is robust evidence that describes the broader costs of NVP 
in pregnant women beyond food aversion/nutritional restric-
tion: even in mild cases, NVP is frequently associated with the 
inability to carry out day-to-day tasks, including work/production 
activities, looking after existing children, and maintaining social 
connections [42, 43]—which are all potentially highly costly for 
maternal inclusive fitness. While social withdrawal in early preg-
nancy could be beneficial in reducing infection from contagious 
diseases (such as flu), whether or not the observed costs are out-
weighed by potential benefits are likely to be context-dependent. 
In contemporary post-industrialized populations with lower 
risks from infectious diseases, combined with a dual-burden of 
maternal production and caregiving (where many mothers are 
simultaneously in paid employment while being primary caregiv-
ers), the costs of NVP may be particularly high with little benefit. 
Given the symptoms, it is not surprising that NVP is strongly 
associated with reduced quality of life and antenatal/postpartum 
depression, which in itself is associated with a myriad of poorer 
offspring outcomes, including low birth weight, pre-term birth, 
and poorer mental health associated with conduct problems and 
antisocial behaviour [44–46]. As it stands, there is very limited 
evidence of any direct benefits mothers gain via NVP, bringing 
into question what exactly the benefits associated with NVP 
could be (if there is one).

Does NVP benefit foetal quality?
Regardless of whether NVP evolved to protect pregnant women 
and/or foetuses against infections/toxins in early pregnancy, 
the fact that NVP is observed across human populations, and 
how NVP is rarely observed in non-human animals, has been 
presented as an argument that NVP must have been under pos-
itive selection in humans [6]. Studies identifying associations 
between NVP and reduced miscarriage risk [22, 23] further sup-
ports the proposition that NVP is adaptive and brings benefits 
to foetal quality [6]. However, the association between NVP and 
foetal outcomes are in fact mixed, with studies finding NVP to 
associate with increased, decreased, and no differences in the 
risks of low birthweight and pre-term births [47].

The lack of consistency in the association between NVP and 
foetal quality may stem from inconsistencies in how NVP is 
defined. The intensity, duration, and the symptomology of NVP 
is highly variable within and between populations. In fact, stud-
ies which focus on more severe forms of NVP (including, but 
not limited to, hyperemesis gravidarum) consistently find a gen-
eral association between NVP and preterm birth, low birthweight 
and foetal growth restriction, as well as some evidence of rarer 
outcomes such as neurodevelopmental delay, vitamin K deficient 
embryopathy, autism, respiratory issues, cardiovascular issues, 
and cancer [48–53]. These poor birth outcomes may lead to 
longer-term detrimental impacts on offspring, with severe NVP 
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associated with increased risk of psychological issues including 
ADHD, depression, and socio-emotional difficulties among chil-
dren in US and Danish cohorts [54]. MRI brain scans of the US 
cohort identified lower cortical volume among children whose 
mothers experienced severe NVP, which mediated the relation-
ship between maternal NVP and offspring cognitive/psychiatric 
risks [54]. A recent prospective cohort study from England with 
comparatively robust methods found that vomiting (but not 
nausea) in pregnancy, even with mild symptoms, was associated 
with lower birth weight [55]. Similarly, a study from China found 
that vomiting in the first trimester was associated with preterm 
birth [56]. If vomiting is a particular risk factor for poorer foe-
tal/birth outcomes, this further explains study inconsistencies, 
as women who experience nausea without vomiting can also be 
classed as having NVP.

Beyond the severity and symptomology of NVP, there is some 
evidence that the timing and duration of NVP also matters. In 
a recent analysis of the US National Birth Defects Prevention 
Study, NVP in the first trimester was associated with a reduced 
risk of small-for-gestation-age birth, in line with earlier stud-
ies which found a general positive association between NVP 
and better birth outcomes [57]. However, in the same study, 
NVP lasting beyond early pregnancy into the second and third 
trimester was associated with an increased risk of preterm 
birth [57]. Similarly, in an analysis of the Swedish Medical 
Birth Register, women who experienced in-patient treatment 
for HG in the first trimester only had a slight increased risk of  
pre-eclampsia compared to baseline, while women who experi-
enced in-patient treatment for HG in the second trimester expe-
rienced significant increased risks of pre-term pre-eclampsia, 
placental abruption and small-for-gestational-age birth [58]. 
The difference in outcomes between NVP in early vs later preg-
nancy may relate to how nutritional restriction specifically in 
early pregnancy may be associated with increased placental 
growth to compensate for reduced maternal nutrition [16]. This 
was demonstrated in the Dutch Hunger Famine, where women 
who experienced the famine in the first trimester experienced 
increased placental growth without impact on birthweight [59]. 
Similar patterns have been experimentally demonstrated in 
sheep and mice, although findings are not consistent across 
other mammals [60]. As placenta size broadly predicts foetal 
growth in humans (excluding notably large/thick placentas 
which predicts poor foetal/birth outcomes) [61], NVP may 
therefore be an adaptation to encourage foetal development 
[16]—although it is important to note that mild NVP is not 
necessarily associated with reduced food intake in early preg-
nancy [29]. Nonetheless, all these studies show how prolonged 
or severe NVP may have a different cost-benefit profile com-
pared to milder NVP in early pregnancy, explaining the frequent 
inconsistencies in current research.

Overall, current evidence provides robust evidence that  
moderate-to-severe NVP, which is very common, is associated 
with poor foetal/birth outcomes. For milder cases, however, the 
evidence is mixed. There is some evidence to suggest that milder 
NVP, particularly when limited to the 1st trimester, possibly with-
out vomiting, is associated with better birth outcomes. This 
association could potentially be explained by the association 
between nutritional restriction in early pregnancy and increased 
placental growth, suggesting that nausea-induced early food 
aversion could have evolved to encourage foetal development, 
although more research is needed. Regardless, current litera-
ture highlights that the costs and benefits of NVP may be highly 
variable depending on the characteristics of NVP, and these vari-
ations must be considered when reflecting on NVP from an evo-
lutionary perspective.

As it stands, current correlational evidence surrounding 
NVP and maternal–offspring outcomes do not present strong 
evidence of adaptive benefits for NVP more broadly. Over the 
last decade, the potential costs of NVP for pregnant women 
and their offspring have been more clearly identified, and any 
benefits seem to be limited to mild cases of NVP in early preg-
nancy. (As mentioned, current estimates suggest 1 in 4 women 
will continue to experience NVP into their third trimester [1].) 
This is not to say that NVP is maladaptive; indeed, any claims 
of NVP being maladaptive requires equal scrutiny, particularly 
given its high prevalence across populations. Rather, the point 
here is that the relationship between NVP and fitness benefits 
are not clear from the available evidence. Within this ambiguity 
of evidence, an understanding of the underlying physiological 
mechanisms behind NVP may be particularly useful, allowing us 
to critically reflect on the plausibility of NVP as an adaptation (or 
maladaptation).

Physiological mechanisms behind NVP

The aetiology of NVP has been unclear until relatively recently. 
Several previous studies indicated positive associations between 
NVP and human chronic gonadotrophin (hCG) [62], a ‘pregnancy 
hormone’ central to promoting maternal immunotolerance of 
the foetus [63]. However, the exact pathways between NVP and 
hCG have remained unclear, while several studies failed to find a 
link between NVP and hCG [62, 64].

More recently, studies have indicated a causal link between 
a different hormone, growth differentiation factor 15 (GDF15), 
and NVP. GDF15 is a pleiotropic hormone associated with mul-
tiple physiological processes including appetite regulation, met-
abolic regulation, and anti-inflammatory effects [5]. Considered 
a stress-responsive cytokine, elevated GDF15 expression is 
associated with increased cell-stress and inflammation such as 
after exercise, infection and injury [5, 65]. GDF15 expression is 
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particularly high in the placenta; and while its function is not yet 
fully clear, maternal-foetal immunotolerance has been suggested 
[66], and low GDF15 has been associated with increased mis-
carriage risk (although the causal direction is still unclear) [66, 
67]. Previous studies had linked GDF15 with loss of appetite and 
cachexia in mice and patients with cancer [5, 62, 68], indicating a 
relationship with NVP-relevant symptoms. Several observational 
studies then found that higher concentrations of circulating 
GDF15 is associated with more severe cases of NVP [4, 62], com-
plementing the findings that the gene loci for GDF15 is associ-
ate with hyperemesis gravidarum [48]. In 2023, Fejzo et al. directly 
linked circulating GDF15 of foetal/placental origin to NVP, and 
demonstrated that maternal sensitivity to GDF15 moderates this 
relationship, explaining variations in NVP symptoms [4].

As expected, maternal sensitivity to GDF15 is influenced by 
both genetic, physiological, and environmental factors. For 
example, the rare coding variant, C211G, for GDF15 has been 
associated with presence of the most severe form of NVP [69]. 
Women with beta-thalassaemia who have chronically high lev-
els of GDF15, who consequently develop reduced sensitivity to 
GDF15, report lower levels of NVP despite their comparatively 
higher levels of GDF15 in pregnancy [4]. Importantly, this indi-
cates that pre-conception GDF15 levels are likely to directly influ-
ence the risk of NVP: prolonged and high levels of circulating 
GDF15 pre-pregnancy is likely to reduce sensitivity to GDF15, 
leading to greater tolerance of placental GDF15 in pregnancy, 
and consequently lowering the risk of NVP. This may explain why 
smoking pre-pregnancy is associated with low NVP, as smoking 
has been associated with cellular stress and increased levels of 
circulating GDF15 [70]—which may cause greater ‘GDF15 tol-
erance’ and protection against NVP. GDF15 also increases with 
age, presumably due to increased cellular stress, and has been 
used as a biomarker associated with ageing [70]. This, again, 
explains the association between older women and reduced risk 
of NVP—where elevated pre-conception GDF15 levels reduce 
maternal sensitivity to placental GDF15.

Is there a mismatch? Increased severity of nausea and vom-
iting during pregnancy

The recently revealed mechanism of GDF15 in NVP is partic-
ularly interesting, as it brings insight to how contemporary 
post-industrial environments may impact NVP severity. As 
noted above, GDF15 expression is associated with increased 
cell-stress and inflammation [5, 65], and low levels of pre- 
conception GDF15 may make women more susceptible to NVP 
(as they may be more sensitive to placental GDF15 [4]). In post- 
industrialized populations with lower exposure to pathogens and 
lower engagement with intense physical activity [71–74], women 
may be expressing comparatively lower levels of preconception 

GDF15 compared to non-industrialized settings. If so, the typical 
NVP symptoms experienced across contemporary populations 
may be more severe than what was the norm in our recent evolu-
tionary history. Moderate to severe forms of NVP (experienced by 
many pregnant women), as well as hyperemesis gravidarum which 
is already acknowledged to be pathological, may be a direct con-
sequence of environmental mismatch.

If environmental mismatch exists, the overall implication is 
that ‘functional’ NVP may be limited to particularly mild forms 
of NVP. Indeed, as reviewed above, there is some evidence that 
milder forms of NVP limited to early pregnancy may encourage 
placental growth and improve birth outcomes [16, 57] – and it is 
possible that mild NVP was positively selected in humans due 
to this benefit. However, to date, research on NVP from an evo-
lutionary perspective has typically treated NVP (excluding hyper-
emesis gravidarum) as a homogenous category without careful 
consideration of the variations in severity, symptoms, and dura-
tion. Further research is therefore necessary to explore and test 
this mismatch hypotheses. For example, it would be interesting 
to investigate variations in NVP severity and duration across dif-
ferent population and sub-population contexts, testing the pre-
diction that NVP severity and duration is more likely to be milder 
and shorter in non-industrialized populations.

CONCLUSION

An evolutionary approach to understanding NVP is important 
for understanding what is ‘normal’ for pregnancy. This may have 
direct implications on how we view and treat NVP symptoms. 
To date, the high prevalence of NVP observed in contemporary 
populations have led to the view that nausea and/or vomiting is 
a normal part of pregnancy. Based on this assumption, various 
adaptive hypotheses have been proposed. However, recent stud-
ies evidence clear costs of NVP for the mother with no apparent 
direct fitness benefits. Further, there is no strong evidence to sug-
gest NVP is broadly beneficial for the foetus/offspring, although 
mild NVP in early pregnancy may promote foetal growth. A con-
sideration of the recently uncovered causal pathways behind 
NVP, namely foetal GDF15 production, suggests symptoms of 
NVP in contemporary post-industrialized populations may be 
more severe due to environmental mismatch. If so, the current 
symptomology of NVP in such populations should not necessar-
ily viewed as a typical experience of pregnancy.

Further research is clearly needed to test the mismatch 
hypothesis with careful consideration of variations in NVP. This 
is particularly important, as improving understanding NVP as 
mismatch may lead to implications for practice and patient expe-
rience. In Western populations, there is a long and complex his-
tory of dismissing NVP symptoms which persists today: NVP is 
often not recorded in medical records due to the assumption 
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that it is ‘normal’, meaning we have a poor understanding of 
NVP symptomology and prevalence [1]. Women are still routinely 
not listened-to, with healthcare practitioners frequently failing to 
offer adequate treatment [75, 76]. Grounded in evolutionary the-
ory, shifting the understanding of moderate to severe NVP as 
potentially harmful for maternal wellbeing and foetal outcomes 
may facilitate better monitoring, support, and active treatment.

ACKNOWLEDGEMENTS

None declared.

AUTHOR CONTRIBUTIONS

Emily Emmott (Conceptualization [Lead], Writing—original draft 
[Lead], Writing—review & editing [Lead])

CONFLICT OF INTEREST

There are no conflicts of interest, but the author and many of 
her friends experienced severe nausea and vomiting during 
pregnancy.

FUNDING

The author received no funding for this work.

REFERENCES

	 1.	 Einarson TR, Piwko C, Koren G. Quantifying the global rates of nau-

sea and vomiting of pregnancy: a meta analysis. J Popul Therap Clin 

Pharmacol 2013;20:e171–183.

	 2.	 Buckwalter JG, Simpson SW. Psychological factors in the etiology and 

treatment of severe nausea and vomiting in pregnancy. Am J Obstet 

Gynecol 2002;186:S210–4.

	 3.	 Fejzo MS, Trovik J, Grooten IJ et al. Nausea and vomiting of pregnancy 

and hyperemesis gravidarum. Nat Rev Dis Primers 2019;5:62.

	 4.	 Fejzo M, Rocha N, Cimino I et al. GDF15 linked to maternal risk of 

nausea and vomiting during pregnancy. Nature 2023;625:760–7. DOI: 

10.1038/s41586-023-06921-9

	 5.	 Assadi A, Zahabi A, Hart RA. GDF15, an update of the physiological and 

pathological roles it plays: a review. Pflugers Archiv 2020;472:1535–46.

	 6.	 Sherman PW, Flaxman SM. Nausea and vomiting of pregnancy in an 

evolutionary perspective. Am J Obstet Gynecol 2002;186:S190–7.

	 7.	 Lacasse A, Rey E, Ferreira E et al. Nausea and vomiting of pregnancy: 

What about quality of life?. BJOG 2008;115:1484–93.

	 8.	 Tan A, Lowe S, Henry A. Nausea and vomiting of pregnancy: effects 

on quality of life and day‐to‐day function. Aust N Z J Obstet Gynaecol 

2018;58:278–90.

	 9.	 Köken G, Yilmazer M, Cosar E et al. Nausea and vomiting in early preg-

nancy: relationship with anxiety and depression. J Psychosom Obstet 

Gynaecol 2008;29:91–5.

	 10.	 Mitchell-Jones N, Lawson K, Bobdiwala S et al. Association 

between hyperemesis gravidarum and psychological symptoms, 

psychosocial outcomes and infant bonding: a two-point prospective 

case–control multicentre survey study in an inner city setting. BMJ 

Open 2020;10:e039715.

	 11.	 Tambelli R, Ballarotto G, Trumello C et al. Transition to motherhood: a 

study on the association between somatic symptoms during pregnancy 

and post-partum anxiety and depression symptoms. Int J Environ Res 

Public Health 2022;19:12861.

	 12.	 Yilmaz E, Yilmaz Z, Cakmak B et al. Nausea and vomiting in early preg-

nancy of adolescents: relationship with depressive symptoms. J Pediatr 

Adolesc Gynecol 2016;29:65–8.

	 13.	 Piwko C, Koren G, Babashov V et al. Economic burden of nausea 

and vomiting of pregnancy in the USA. J Popul Ther Clin Pharmacol 

2013;20:e149–60.

	 14.	 Fessler DMT. Reproductive immunosuppression and diet: an evolution-

ary perspective on pregnancy sickness and meat consumption. Curr 

Anthropol 2002;43:19–61.

	 15.	 Fessler DMT, Eng SJ, Navarrete CD. Elevated disgust sensitivity in the 

first trimester of pregnancy: evidence supporting the compensatory 

prophylaxis hypothesis. Evol Hum Behav 2005;26:344–51.

	 16.	 Huxley R. Nausea and vomiting in early pregnancy: its role in placental 

development. Obstet Gynecol 2000;95:779–82.

	 17.	 Profet M. Pregnancy sickness as adaptation: a deterrent to maternal ingestion of 

teratogens. The Adapted Mind: Evolutionary Psychology and the Generation of Culture. 

New York, NY: Oxford University Press, 1992, 327–65.

	 18.	 Profet M. The evolution of pregnancy sickness as protection to the 

embryo against Pleistocene teratogens. Evol Theory  1988;8:177–90.

	 19.	 Flaxman SM, Sherman PW. Morning sickness: a mechanism for pro-

tecting mother and embryo. Q Rev Biol 2000;75:113–48.

	 20.	 Lammi-Keefe CJ, Couch SC, Philipson EH. Handbook of Nutrition and 

Pregnancy. Totowa, NJ: Humana Press, 2008.

	 21.	 Pepper GV, Craig Roberts S. Rates of nausea and vomiting in preg-

nancy and dietary characteristics across populations. Proc Biol Sci 

2006;273:2675–9.

	 22.	 Hinkle SN, Mumford SL, Grantz KL et al. Association of nausea and 

vomiting during pregnancy with pregnancy loss: a secondary analysis 

of a randomized clinical trial. JAMA Intern Med 2016;176:1621–7.

	 23.	 Koren G, Madjunkova S, Maltepe C. The protective effects of nausea 

and vomiting of pregnancy against adverse fetal outcome—a system-

atic review. Reprod Toxicol 2014;47:77–80.

	 24.	 Mitsuda N, Eitoku M, Yamasaki K et al.; Japan Environment & Children’s 

Study (JECS) Group. Nausea and vomiting during pregnancy associ-

ated with lower incidence of preterm births: the Japan Environment and 

Children’s Study (JECS). BMC Pregnancy Childbirth 2018;18:268.

	 25.	 Chortatos A, Haugen M, Iversen PO et al. Pregnancy complications and 

birth outcomes among women experiencing nausea only or nausea and 

vomiting during pregnancy in the Norwegian Mother and Child Cohort 

Study. BMC Preg Childbirth 2015;15:138.

	26.	 Chortatos A, Haugen M, Iversen P et al. Nausea and vomiting in 

pregnancy: associations with maternal gestational diet and life-

style factors in the Norwegian Mother and Child Cohort Study. 

BJOG2013;120:1642–53.

	 27.	 Latva‐Pukkila U, Isolauri E, Laitinen K. Dietary and clinical impacts of 

nausea and vomiting during pregnancy. J Hum Nutr Diet 2010;23:69–77.

	 28.	 Zhu S, Zhao A, Lan H et al. Nausea and vomiting during early preg-

nancy among Chinese women and its association with nutritional 

intakes. Nutrients 2023;15:933.

D
ow

nloaded from
 https://academ

ic.oup.com
/em

ph/article/12/1/97/7702671 by Eastm
an D

ental Institute user on 16 July 2024

https://doi.org/10.1038/s41586-023-06921-9


Re-examining nausea and vomiting in pregnancy Emmott  |  103

	 29.	 Crozier SR, Inskip HM, Godfrey KM et al.; SWS Study Group. Nausea 

and vomiting in early pregnancy: Effects on food intake and diet quality. 

Matern Child Nutr 2017;13:e12389.

	30.	 Ramakrishnan U, Grant F, Goldenberg T et al. Effect of women’s 

nutrition before and during early pregnancy on maternal and 

infant outcomes: a systematic review. Paediatr Perinat Epidemiol 

2012;26:285–301.

	 31.	 Parisi F, Savasi VM, di Bartolo I et al. Associations between first tri-

mester maternal nutritional score, early markers of placental func-

tion, and pregnancy outcome. Nutrients 2020;12:1799. DOI: 10.3390/

nu12061799

	32.	 Kotha VK, De Souza A. Wernicke’s encephalopathy following hypereme-

sis gravidarum: a report of three cases. Neuroradiol J 2013;26:35–40.

	 33.	 Giakoumelou S, Wheelhouse N, Cuschieri K et al. The role of infection 

in miscarriage. Hum Reprod Update 2016;22:116–33.

	 34.	 Rodriguez-Morales AJ, Bolivar-Mejía A, Alarcón-Olave C et al. Nutrition 

and infection. In: Caballero B, Finglas PM, Toldrá F (eds.). Encyclopedia 

of Food and Health. Cambridge, Massachusetts: Academic Press, 2016, 

98–103.

	 35.	 Castelo-Branco C, Soveral I. The immune system and aging: a review. 

Gynecol Endocrinol 2014;30:16–22.

	 36.	 Regan L, Rai R. Epidemiology and the medical causes of miscarriage. 

Bailliere's Best Pract Res Clin Obstetr Gynaecol 2000;14:839–54.

	 37.	 Little RE, Hook EB. Maternal alcohol and tobacco consumption and 

their association with nausea and vomiting during pregnancy. Acta 

Obstet Gynecol Scand 1979;58:15–7.

	 38.	 Weigel MM, Weigel RM. The association of reproductive history, demo-

graphic factors, and alcohol and tobacco consumption with the risk of 

developing nausea and vomiting in early pregnancy. Am J Epidemiol 

1988;127:562–70.

	 39.	 Arnson Y, Shoenfeld Y, Amital H. Effects of tobacco smoke on immu-

nity, inflammation and autoimmunity. J Autoimmun 2010;34:J258–65.

	 40.	 Pineles BL, Park E, Samet JM. Systematic review and meta-analysis 

of miscarriage and maternal exposure to tobacco smoke during preg-

nancy. Am J Epidemiol 2014;179:807–23.

	 41.	 Musk AW, De Klerk NH. History of tobacco and health. Respirology 

2003;8:286–90.

	 42.	 Gadsby R, Barnie-Adshead AM, Jagger C. A prospective study of nausea 

and vomiting during pregnancy. Br J Gen Pract 1993;43:245–8.

	 43.	 Smith C, Crowther C, Beilby J et al. The impact of nausea and vomiting 

on women: a burden of early pregnancy. Aust N Z J Obstet Gynaecol 

2000;40:397–401.

	 44.	 Bernard-Bonnin A-C; Mental Health and Developmental Disabilities 

Committee. Maternal depression and child development. Paediatr Child 

Health 2004;9:575–83.

	 45.	 Smith A, Twynstra J, Seabrook JA. Antenatal depression and offspring 

health outcomes. Obstet Med 2020;13:55–61.

	 46.	 Waters CS, Hay DF, Simmonds JR et al. Antenatal depression and chil-

dren’s developmental outcomes: potential mechanisms and treatment 

options. Eur Child Adolesc Psychiatry 2014;23:957–71.

	 47.	 Czeizel AE, Puhó E. Association between severe nausea and vomiting in 

pregnancy and lower rate of preterm births. Paediatr Perinat Epidemiol 

2004;18:253–9.

	 48.	 Fejzo MS, Sazonova OV, Sathirapongsasuti JF et al.; 23andMe Research 

Team. Placenta and appetite genes GDF15 and IGFBP7 are associated 

with hyperemesis gravidarum. Nat Commun 2018;9:1178.

	 49.	 Vlachodimitropoulou-Koumoutsea E, Gosh S, Manmatharajah B et 

al. Pregnancy outcomes in severe hyperemesis gravidarum in a multi- 

ethnic population. J Obstet Gynaecol 2013;33:455–8.

	 50.	 Orimoloye HT, Deng C, Hansen J et al. Hyperemesis gravidarum and 

the risk of childhood cancer—a case-control study in Denmark. Cancer 

Epidemiol 2023;87:102472.

	 51.	 Getahun D, Fassett MJ, Jacobsen SJ et al. Autism spectrum disorders 

in children exposed in utero to hyperemesis gravidarum. Am J Perinatol 

2021;38:265–72.

	 52.	 Hazan G, Sheiner E, Golan‐Tripto I et al. The impact of maternal hyper-

emesis gravidarum on early childhood respiratory morbidity. Pediatr 

Pulmonol 2024;59:707–14.

	 53.	 Fan J, Yin M. Offspring of women with hyperemesis gravidarum are 

more likely to have cardiovascular abnormalities. BMC Preg Childbirth 

2024;24:119.

	 54.	 Wang H, Rolls ET, Du X et al. Severe nausea and vomiting in pregnancy: 

psychiatric and cognitive problems and brain structure in children. 

BMC Med 2020;18:228.

	 55.	 Petry CJ, Ong KK, Beardsall K et al. Vomiting in pregnancy is associ-

ated with a higher risk of low birth weight: a cohort study. BMC Preg 

Childbirth 2018;18:133.

	 56.	 Hu R, Chen Y, Zhang Y et al. Association between vomiting in the 

first trimester and preterm birth: a retrospective birth cohort study in 

Wuhan, China. BMJ Open 2017;7:e017309.

	 57.	 Schrager NL, Parker SE, Werler MM; National Birth Defects Prevention 

Study. The timing, duration, and severity of nausea and vomiting of 

pregnancy and adverse birth outcomes among controls without birth 

defects in the National Birth Defects Prevention Study. Birth Defects Res 

2024;116:e2334.

	 58.	 Bolin M, Åkerud H, Cnattingius S et al. Hyperemesis gravidarum and 

risks of placental dysfunction disorders: a population-based cohort 

study. BJOG  2013;120:541–7.

	 59.	 Lunney LH. Compensatory placental growth after restricted maternal 

nutrition in early pregnancy. Placenta 1998;19:105–11.

	 60.	 Sferruzzi‐Perri AN, Lopez‐Tello J, Salazar‐Petres E. Placental adapta-

tions supporting fetal growth during normal and adverse gestational 

environments. Exp Physiol 2023;108:371–97.

	 61.	 Hutcheon JA, McNamara H, Platt RW et al. Placental weight for 

gestational age and adverse perinatal outcomes. Obstet Gynecol 

2012;119:1251–8.

	 62.	 Liu C, Zhao G, Qiao D et al. Emerging progress in nausea and vomiting 

of pregnancy and hyperemesis gravidarum: challenges and opportuni-

ties. Front Med 2022;8:809270.

	 63.	 Verberg MFG, Gillott DJ, Al-Fardan N et al. Hyperemesis gravidarum, a 

literature review. Hum Reprod Update 2005;11:527–39.

	 64.	 Dypvik J, Pereira AL, Tanbo TG et al. Maternal human chorionic gonado-

trophin concentrations in very early pregnancy and risk of hyperemesis 

gravidarum: a retrospective cohort study of 4372 pregnancies after in 

vitro fertilization. Eur J Obstet Gynecol Reprod Biol 2018;221:12–6.

	 65.	 Kleinert M, Clemmensen C, Sjøberg KA et al. Exercise increases circulat-

ing GDF15 in humans. Mol Metab 2018;9:187–91.

	 66.	 Iglesias P, Silvestre RA, Díez JJ. Growth differentiation factor 15 (GDF-

15) in endocrinology. Endocrine 2023;81:419–31.

	 67.	 Lyu C, Ni T, Guo Y et al. Insufficient GDF15 expression predisposes 

women to unexplained recurrent pregnancy loss by impairing extravil-

lous trophoblast invasion. Cell Prolif 2023;56:e13514.

D
ow

nloaded from
 https://academ

ic.oup.com
/em

ph/article/12/1/97/7702671 by Eastm
an D

ental Institute user on 16 July 2024

https://doi.org/10.3390/nu12061799
https://doi.org/10.3390/nu12061799


Evolution, Medicine, and Public Health104  |  Emmott

	 68.	 Coll AP, Chen M, Taskar P et al. GDF15 mediates the effects of met-

formin on body weight and energy balance. Nature 2020;578:444–8.

	 69.	 Fejzo MS, MacGibbon KW, First O et al. Whole‐exome sequencing 

uncovers new variants in GDF15 associated with hyperemesis grav-

idarum. BJOG 2022;129:1845–52.

	 70.	 Patel S, Alvarez-Guaita A, Melvin A et al. GDF15 Provides an endo-

crine signal of nutritional stress in mice and humans. Cell Metab 

2019;29:707–18.e8.

	 71.	 Rook GAW. Hygiene hypothesis and autoimmune diseases. Clin Rev 

Allergy Immunol 2012;42:5–15.

	 72.	 Raichlen DA, Pontzer H, Harris JA et al. Physical activity patterns and 

biomarkers of cardiovascular disease risk in hunter‐gatherers. Am J 

Hum Biol 2017;29:e22919.

	 73.	 Sayre MK, Pike IL, Raichlen DA. High levels of objectively measured 

physical activity across adolescence and adulthood among the Pokot 

pastoralists of Kenya. Am J Hum Biol 2019;31:e23205.

	 74.	 Sarma MS, Boyette AH, Lew‐Levy S et al. Sex differences in daily activ-

ity intensity and energy expenditure and their relationship to cortisol 

among BaYaka foragers from the Congo Basin. Am J Phys Anthropol 

2020;172:423–37.

	 75.	 Beirne ER, Andrews LB, Murtagh LP et al. The far-reaching burden of 

Hyperemesis Gravidarum—an exploration of women’s experiences and 

perceptions of healthcare support. Women Health 2023;63:485–94.

	 76.	 Lowe SA, Steinweg KE. Review article: management of hypereme-

sis gravidarum and nausea and vomiting in pregnancy. Emerg Med 

Australas 2022;34:9–15.

D
ow

nloaded from
 https://academ

ic.oup.com
/em

ph/article/12/1/97/7702671 by Eastm
an D

ental Institute user on 16 July 2024


	Re-examining the adaptive function of nausea and vomiting in pregnancy
	INTRODUCTION
	What is NVP?
	Is NVP adaptive? Current evidence
	Does NVP function to reduce exposure to infections/toxins?
	Does NVP benefit foetal quality?

	Physiological mechanisms behind NVP
	Is there a mismatch? Increased severity of nausea and vomiting during pregnancy

	Conclusion
	Acknowledgements
	References


