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Abstract Nausea and vomiting during pregnancy (NVP)

affects about 70 % of all expectant mothers and commonly

impacts their physical health and psychosocial functioning.

The aim of this study was to estimate the heritability of the

presence, duration and severity of NVP. The sample con-

sisted of 1723 women (Mage = 41.78, SD = 11.67)

including twins in both complete and incomplete pairs and

their sisters from two cohorts participating in the NVP

Genetics Consortium. The sample comprised 159

monozygotic and 140 dizygotic complete twin pairs, and

69 twin-sister pairs. We applied an extended twin design

using OpenMx and Mx for secondary analysis. Individual

differences in NVP were best explained by additive genetic

and unique environmental effects. Heritability estimates

were 73 % (95 % CIs = 57–84 %) for presence, 51 %

(95 % CIs = 36–63 %) for duration and 53 % (95 %

CIs = 38–65 %) for severity of NVP. The genetic corre-

lation between duration and severity was almost perfect.

Our results show that genes play an important role in

different aspects of NVP and justify the importance of

searching for genetic variants.
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Introduction

Nausea and vomiting during pregnancy (NVP) is a com-

mon condition that affects about 70 % of all expectant

mothers (Einarson et al. 2013). Although NVP typically

occurs in the first trimester, around 23.5 % of women

have NVP continuing into the third trimester. There is

also high variability in the severity with which NVP

symptoms are presented. The severity of NVP can be

conceptualized as a continuum (Munch et al. 2011), being

classified as mild in 40 %, moderate in 46 % and severe

in 14 % of cases (Einarson et al. 2013). Relatively rarely

(in 1.1 % of pregnant women), NVP can progress to

hyperemesis gravidarum (HG) (Einarson et al. 2013). HG

is defined as persistent and excessive vomiting starting

before the end of the 22nd week of gestation, character-

ized by prolonged and severe nausea and vomiting,

dehydration, ketonuria and[5 % bodyweight loss (World

Health Organization 2010). If untreated, or if treatment is

unsuccessful, HG can lead to irreversible maternal renal,

neurologic, and hepatic damage, in addition to negative

effects on the fetus, such as low birth weight, lower size

for gestation age and prematurity in the child (Fejzo et al.

2009; Matsuo et al. 2007; Veenendaal et al. 2011). The

condition is also costly, with economic costs of NVP and

HG were estimated at almost 1.8 billion USD in the USA

in 2012 (Piwko et al. 2013).

Edited by Yoon-Mi Hur

& Lucı́a Colodro-Conde

lucia.colodroconde@qimrberghofer.edu.au; lucia.c.c@um.es

1 Quantitative Genetics Laboratory, QIMR Berghofer Medical

Research Institute, Brisbane, Australia

2 Department of Human Anatomy and Psychobiology,

University of Murcia and IMIB Arrixaca, Murcia, Spain

3 Department of Psychology, Åbo Akademi University, Turku,
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However, a recent systematic review highlights that

NVP is associated with favorable fetal outcomes in terms

of decreased risk of miscarriages, congenital malforma-

tions and prematurity (Koren et al. 2014). The latest data

from the Norwegian Mother and Child Cohort Study

(N = 51,675) corroborated this, showing that NVP was

associated with favorable delivery and birth outcomes,

such as birth weight and gestational age (Chortatos et al.

2015). NVP has been hypothesized to be an evolved

mechanism for protecting the mother and her embryo,

having an adaptive and prophylactic function (Flaxman and

Sherman 2000). NVP may have evolved, along with food

aversions, to motivate women to avoid exposure to diseases

and other toxins when they are immunosuppressed and

when the fetus is at a critical stage of development

(McKerracher et al. 2015). Symptoms of NVP peak when

embryonic organogenesis is most susceptible to chemical

disruption (i.e., weeks 6–18), lending support to the

adaptive hypothesis. On the other hand, women with NVP

are more likely to develop pregnancy complications,

including pelvic girdle pain, proteinuria, high blood pres-

sure and preeclampsia (Chortatos et al. 2015). NVP not

only affects the physical health of pregnant women but can

also affect their psychosocial functioning, resulting in a

lower health-related quality of life (Munch et al. 2011) that

can be compared to that of individuals with chronic ill-

nesses (Smith et al. 2000). In an Australian study of 593

women with NVP (Smith et al. 2000), 70 % reported that

the condition decreased their ability to parent their other

children effectively. Of those in employment, 65 %

reported being less attentive to their work, with 28 %

changing their schedule and 4 % resigning. Mazzotta et al.

(2001) reported that 3.3 % of women with NVP had ter-

minated a pregnancy and 12.9 % had considered termina-

tion due to severe NVP. Women are significantly more

likely to terminate pregnancy if NVP progresses to HG:

Poursharif et al. (2008) reported that 15.2 % of women

suffering HG had terminated a pregnancy due to the

symptoms. As might be expected, the unremitting nausea

and vomiting experienced by women with severe NVP and

HG is associated with exhaustion, anxiety and depression

(Attard et al. 2002; Koren et al. 2005; Hizli et al. 2012),

which are known risk factors for postnatal depression

(Hizli et al. 2012; Uguz et al. 2012). Most women first try

dietary and other lifestyle modifications to control their

NVP symptoms (Clark et al. 2013), but up to 10 % will

require pharmacotherapy (Niebyl 2010). However, since

the pathogenesis of NVP is not well understood, treatments

have a limited success (Poursharif et al. 2008).

There are individual differences in the likelihood of

presenting with NVP, how long NVP symptoms occur

during pregnancy, and the severity of the associated

impairment. Levels of human chorionic gonadotrophin

(hCG) reach their peak when the incidence of NVP is

most elevated, and hCG concentrations are higher in

multiple and molar pregnancies or when the fetus is

female, all conditions in which NVP is more common

(Veenendaal et al. 2011; Basso and Olsen 2001; Danzer

et al. 1980). Younger age of the mother has been found to

increase NVP risk, as does a higher number of previous

pregnancies (Louik et al. 2006), high body mass index

(Cedergren et al. 2008), not smoking (Louik et al. 2006;

Jueckstock et al. 2010) and having nutrient deficiencies,

alterations in lipid levels, or Helicobacter pylori infec-

tions (Jueckstock et al. 2010). NVP is a condition linked

to the mother, and is not affected by a change of partner

(Einarson et al. 2007).

There is currently only one twin study on NVP, con-

ducted in the population-based Norwegian Twin Panel by

Corey et al. (1992). With a sample of 830 monozygotic

(MZ) twins and 902 dizygotic (DZ) twins, they showed a

higher concordance of the presence of NVP in MZ than in

dizygotic DZ twins, with tetrachoric correlations being

about twice as high in identical twins compared to fraternal

twins (rMZ = .54 and rDZ = .24; p\ .05 in both cases).

For having used medication to treat NVP, the tetrachoric

correlations were rMZ = .63 and rDZ = .26 (p\ .05 in

both cases). Although heritability was not reported in their

paper, using the tetrachoric correlations and sample sizes,

we used the Mx program (Neale et al. 2006) to estimate

heritabilities for NVP (53 %) and for taking nausea med-

ication (73 %). Another study by Fejzo et al. (2008)

reported a high prevalence of severe NVP and HG among

relatives of a sample of self selected women affected by

HG: approximately 28 % reported their mother had severe

NVP or HG when expecting them, and 19 % of their sisters

with a pregnancy history had HG. A significant increase in

nausea in early pregnancy was also found by Gadsby et al.

(1997) in women whose mothers experienced nausea in

their pregnancies.

Despite the high frequency of NVP and the clinical,

economical and psychosocial consequences of NVP, its

causes remain unknown. The NVP Genetics Consortium

(Colodro Conde et al. in press), a collaborative project

created in 2013, aims to identify risk factors for NVP, with

a special focus on the genetic risk factors. In the present

study, we applied an extended twin design to two twin

cohorts, from two different countries, currently participat-

ing in the Consortium. The aim was to shed light on the

etiology of NVP by (i) estimating the relative magnitude of

the environmental and genetic sources of variance in the

presence, duration and severity of NVP and (ii) analyzing

the sources of variance shared by the duration and severity

of NVP.
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Methods

Participants

The original study sample consisted of 1725 women from

1331 families from the Genetics of Sexuality and

Aggression (GSA) and the Murcia Twin Registry (MTR)

cohorts which participate in the NVP Genetics Consortium

(Colodro Conde et al. in press). The GSA cohort provided

data from female twins in same sex and opposite sex pairs

and their sisters (non-twin female siblings of twins), while

the MTR cohort had collected data from same sex female

twins. Samples were unselected and both sample cohorts

are population-based. The original data collections have

been described elsewhere-see Johansson et al. (2013) and

Zietsch et al. (2015) for the GSA cohort and Ordoñana

et al. (2006, 2013) for the MTR cohort.

The participants in this study were women who had at

least one full-term pregnancy and had reported data on

their experience with NVP. Zygosity was determined

either by genotyping or questionnaire. Zygosity was

unknown for 23 pairs from the GSA study; in these pairs

we used data from the first born twin. Only data of the

oldest non-twin sibling in each family was considered for

the analyses. The sample consisted of 540 women from

MZ twin pairs, 769 from DZ twin pairs (534 from same

sex twin pairs) and 390 sisters of twins, resulting in 159

MZ and 140 DZ complete pairs and 69 twin-sister pairs.

Age at survey time ranged from 25 to 73 years

(Mage = 41.8, SD = 11.7).

Procedure, variables and instruments

Data were collected in September-December of 2013 by

a secure, online questionnaire in the case of the GSA

sample and by telephone interview for the MTR sample.

The questionnaires were back translated from English

into Finnish or Spanish and were equivalent between

cohorts.

Women were asked whether they had suffered from

nausea and vomiting during any of their pregnancies (see

Appendix). For those women endorsing this item, further

information was collected with reference to the most

affected pregnancy, including the trimester(s) in which the

symptoms took place as well as the level of associated

impairment. The variables analyzed in this study were: (1)

presence of NVP in any pregnancy, (2) duration of NVP in

the most affected pregnancy and (3) severity of NVP in the

most affected pregnancy. Presence of NVP was a

dichotomous question, defined as the absence of NVP or

NVP for\7 days versus NVP for 7 or more days. Duration

was calculated summing the number of trimesters in which

NVP was reported and thus had four categories (from those

who did not have NVP or did for less than 7 days to three

trimesters with symptoms). Finally, the data on severity

was collected following the method described by Zhang

et al. (2011). Participants were asked to rate their degree of

NVP using qualifiers including the number of days with

NVP during the pregnancy, impact on normal daily routine,

consultation with medical professionals, prescription of

medication, use of nutritional support (IV or nasogastric

tube) and weight loss. This variable was categorised on

four levels of severity: (1) no NVP or NVP for\7 days and

minor impairment; (2) NVP for more than 7 days, no

medical consultation and minimal impact; (3) NVP for

more than 7 days, no use of medication and minor role

impairment; and (4) NVP for more than 7 days, use of

mediation, loss of weight, and major disruption of the daily

routine. The three variables were treated as categorical.

Data analyses

Descriptive statistics were obtained using SPSS v.22 (IBM

Corp. 2013). All subsequent analyses were employed using

the statistical package OpenMx (Boker et al. 2011) in R

Studio Version 0.98.507 or the Mx software package

(Neale et al. 2006). Thresholds, twin–twin and twin-sister

correlations, and genetic and environmental variances were

estimated using a liability-threshold model, which allows

calculations with both complete and incomplete pairs of

twins and siblings. Analyses were performed on raw binary

and ordinal data, where it is assumed that thresholds

delimiting the ordered categories (i.e. no NVP or NVP for

\7 days versus NVP 7 days or more) overlay a normally

distributed continuum of liability (i.e. likelihood of expe-

riencing NVP).

Assumptions of the twin design (see Neale and Cardon

1992) were checked, including the homogeneity of the

thresholds of first- and second-born twins, across zygosity

groups and across twins and sisters. For presence of NVP,

thresholds could be equated between twins of the same

pair, across zygosity (including opposite sex twins) and

across twin and siblings. This was also the case for duration

and severity of NVP, but only when the data was separated

by cohort. Age at survey time was modeled in all analyses

as a covariate, effectively partialling out age from the twins

and sisters. Thresholds and age effects were equated

between cohorts in the analyses conducted with the pres-

ence of NVP. However, the direction of the age effects was

positive for the GSA cohort and negative for the MTR

cohort for both duration and severity of NVP. Thus, for the

analyses performed with these variables, thresholds and
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age effects were allowed to vary between cohorts, but were

the same across zygosity within cohort.

Twin and twin-sister tetrachoric (for the dichotomous

trait presence of NVP) and polychoric correlations (NVP

duration and symptom severity) and their 95 % confidence

intervals (CIs) were estimated (for more information about

twin modeling with categorical data, see Rijsdijk and Sham

(2002)). Phenotypic correlations generally reflect a com-

bination of additive genetic (A), dominant genetic (D),

shared environmental (C), and residual (E) variation. In

addition to increasing the statistical power, the inclusion of

data from sisters allows testing for twin-specific environ-

mental influences (S) (Verweij et al. 2012). Additive

genetic variation results from the sum of allelic effects.

Non-additive genetic variation includes that due to domi-

nance and epistasis. Shared environmental variance results

from environmental influences shared by family members.

Residual variation includes measurement error and envi-

ronmental influences that are not shared between twin

pairs, such as idiosyncratic experiences (Verweij et al.

2012). We tested whether MZ correlations were higher

than those of DZ twin pairs, which would suggest a genetic

influence on individual differences in this trait. We also

tested if the twin-sister correlations were lower than the DZ

twin correlations, which would point to the influence of

twin-specific environmental factors (Neale and Maes

2004). It is not possible to estimate C and D simultaneously

with twin and sibling data only, because C and D are

negatively confounded. The choice of modeling C or

D depends on the pattern of MZ and DZ correlations; C is

estimated if the DZ twin correlation is more than half the

MZ twin correlation, and D is estimated if the DZ twin

correlation is less than half the MZ correlation (Neale et al.

2006).

Structural equation modeling was used to determine the

sources of variation that best matched the observed data

(Posthuma et al. 2003). Variance component model-fitting

was conducted to partition the variation in NVP into

genetic and environmental sources by means of three uni-

variate analyses, one for each dependent variable. Since the

goodness-of-fit of a model to the observed data is dis-

tributed as Chi square (v2), by testing the change in Chi

square (Dv2) against the change in degrees of freedom

(Ddf) we can test whether dropping or equating specific

model parameters significantly worsens the model fit. The

best-fitting model was chosen in each case by deducting the

residual deviance of the compared models and by com-

paring Akaike’s information criterion (AIC). Twin corre-

lations and variance component estimates could be equated

between cohorts without a significant loss of fit established

at p\ .05.

We also conducted a bivariate analysis to examine the

phenotypic variation and the sources of covariance

between duration of the symptoms present during the

pregnancy and the level of impairment associated with

them. That is, we estimated the extent to which the

observed correlations between these two variables were

due to overlap in genetic influences (genetic correlation, rg)

or residual factors (residual correlation, re), since A and

E were the factors that better explained the variance in

duration and severity. The A and E matrices were specified

in a Cholesky decomposition.

Additionally, we modeled the tetrachoric correlations

and the sample size reported in the Norwegian study

(Corey et al. 1992) in conjunction with those obtained in

the present study to check if the heritability estimates of the

presence of NVP, that is, the magnitude of genetic effects,

could be equated between the different cohorts.

Results

Basic demographic information and data on NVP are

shown in Table 1. Women in our sample had 2.2 children

on average and around 60 % women suffered from NVP in

at least one of their pregnancies. In the most affected

pregnancy of those women reporting NVP, the symptoms

were present only in the first trimester for 54.7 % while

14.5 % had symptoms persisting until the end of the

pregnancy. NVP resulted in minor role impairment in

33.3 % and major impact in 16.5 % of women presenting

NVP.

Table 2 presents the intra-pair correlations for presence,

duration and severity of NVP. The MZ correlations were

consistently at least twice as high as the DZ correlations for

the three NVP phenotypes (rMZ = .75 vs. rDZ = .29 for

presence, rMZ = .52 vs. rDZ = .20 for duration and

rMZ = .55 vs. rDZ = .13 for severity of NVP). Twin-sister

correlations (rTS = .43 for presence, rTS = .31 for duration

and rTS = .33 for severity of NVP) were not significantly

different from the DZ correlations. This pattern of corre-

lations suggested the presence of genetic effects in all

studied aspects of NVP. Additionally, no evidence of a

twin-specific shared environment was found.

We fit univariate models to disentangle the sources of

variance of the three phenotypes. In Table 3 we show the

model fitting results and the proportions of variance

explained by the full ACE and ADE models. Since the twin

correlations were suggestive of a dominant genetic effect,

the nested submodels, where some of the parameters were

dropped, were tested against the ADE model. For the three

variables, the best fitting models revealed a similar struc-

ture of the underlying variance, including additive genetic

and residual non-shared environmental sources of varia-

tion. Additive genetic factors accounted for 73 % (95 %

CIs = 57–84 %) of the variance of the presence of NVP,

Behav Genet

123



51 % (95 % CIs = 36–63 %) of its duration and 53 %

(95 % CIs = 38–65 %) of the severity of NVP.

Bivariate analysis was performed using Cholesky

decomposition of duration and severity of NVP. The phe-

notypic correlation between traits was rph = .92 (95 %

CIs = .91–.93). Due to the results of the univariate analyses,

we present the results of the bivariate analysis with only two

sources of variance, A and E. Figure 1 shows the first genetic

factor (A1) loaded on duration and severity, accounting for

51 % (95 % CIs = 37–64 %) and 53 % (95 %

CIs = 40–66 %) of their variation, respectively. The

specific genetic contribution to severity of the second

genetic factor (A2) accounted for 1 % (95 % CIs = 0–7 %)

of its variance and could be dropped from the model without

worsening fit (Dv1
2 = 0.275, p = .6). Decomposition of the

residual non-shared environmental variation showed that the

first factor (E1) accounted for 49 % (95 % CIs = 37–63 %)

of the variance for duration and also accounted for 32 %

(95 % CIs = 22–46 %) of the variance in severity. The

specific residual contribution to severity (E2) accounted for

13 % (95 % CIs = 8–16 %) of the variance of severity. The

genetic correlation was rg = .99 (95 % CIs = .93–1) and

the residual non-shared environmental correlation was

re = .85 (95 % CIs = .78–.88).

Table 1 Descriptive statistics of the participants of the Finnish (GSA) and Spanish (MTR) NVP cohorts and the total sample [valid %,

(frequency), unless otherwise stated]

GSA (n = 1154) MTR (n = 545) Total (N = 1699)

Year of birth (range) 1957–1988 1940–1966 1940–1988

Age (M, SD, range) 34.8 (4.9, 25–56) 56.6 (7.4, 47–73) 41.8 (11.7, 25–73)

Number of children (M, SD, range) 2 (1, 1–9) 2.5 (1.1, 1–8) 2.2 (1.1)

Zygosity

MZ twin pairs 21.7 (251) 53 (289) 31.8 (540)

DZ (same sex) twin pairs 24.1 (278) 47 (256) 31.4 (534)

DZ (opposite sex) twin pairs 20.4 (235) 0 13.8 (235)

Non twins (sisters) 33.8 (390) 0 23 (390)

NVP for 7 or more days 59.9 (691) 55.2 (301) 58.4 (992)

Duration

No NVP/NVP\ 7 days 40.1 (463) 44.9 (244) 41.7 (707)

1 trimester 32.1 (370) 31.7 (172) 31.9 (542)

2 trimesters 22.4 (258) 8.5 (46) 17.9 (304)

3 trimesters 5.5 (63) 14.9 (81) 8.5 (144)

Severity

No NVP/NVP\ 7 days, minor impact 40.1 (463) 45.5 (244) 41.8 (707)

NVP C 7 days, no medical consultation, minimal impact 30.7 (354) 26.1 (140) 29.3 (494)

NVP C 7 days, no medication, minor role impairment 25 (289) 7.1 (38) 19.3 (327)

NVP C 7 days, medication/IV/feeding tube, weight loss,

moderate/major role impairment

4.2 (48) 21.3 (114) 9.6 (162)

Tests for differences between cohorts for presence, duration and severity of NVP, accounting for relatedness, are presented in the main text

NVP nausea and vomiting during pregnancy, MZ monozygotic, DZ dizygotic

Table 2 Monozygotic (MZ), dizygotic (DZ) twin and twin–sister (TS) thetracoric and polychoric correlations with 95 % confidence intervals

(CI) for three NVP phentoypes

rMZ (95 % CIs) rDZ (95 % CIs) rTS (95 % CIs)

Presence 0.75 (0.58, 0.86) 0.29 (0.03, 0.52) 0.43 (0.06, 0.70)

Duration 0.52 (0.37, 0.64) 0.20 (0.01, 0.37) 0.31(-0.04, 0.57)

Severity 0.55 (0.40, 0.67) 0.13 (-0.07, 0.31) 0.33 (-0.01, 0.57)

NVP nausea and vomiting during pregnancy. rDZ and rTS could be equated, yielding in estimates of 0.34 (95 % CI: 0.13, 0.52) for presence, 0.22

(95 % CI: 0.06, 0.37) for duration and 0.17 (95 % CI: 0.02, 0.32) for severity
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Discussion

The present study aimed to examine the sources of variance

underlying NVP, the most common condition in preg-

nancy. We analyzed data from 159 MZ and 140 DZ

complete twin pairs, 69 twin-sister pairs, 573 incomplete

twin pairs and 414 sisters on the presence of NVP and its

duration and severity in the most affected pregnancy and

showed that genetic factors play an important role in NVP.

The prevalences of the three phenotypes studied here are

commensurate with those reported in Einarson et al. (2013)

meta-analysis. The prevalence of NVP lasting for at least

7 days was 58.4 % in the present study. Einarson et al.

reported 70 %, although this figure corresponds to symp-

toms of NVP of any duration. In our study, 14.5 % of

women reported experiencing NVP over three trimesters,

which is lower than the 23.5 % figure reported by Einarson

et al. (2013), but this prevalence fall within the 95 %

confidence interval (12.8–34.2 %). Lastly, 16.5 % of

women reported the NVP in their most affected pregnancy

implied a major impairment, which is very similar to the

corresponding figure in the meta-analysis, 14.4 %.

While the prevalence of NVP was similar between

cohorts, the distribution of the duration of the symptoms

and their severity among the affected women was statisti-

cally different when comparing data from the two cohorts.

Women from the Spanish MTR cohort reported more

severe symptoms and a longer duration of NVP than did

women from the Finnish GSA cohort. Moreover, an older

age at survey time was associated with an increase in the

duration and severity of NVP symptoms for women in the

GSA cohort and a decrease for women from the MTR

cohort. Phenotypic differences could be due to differences

between the countries in terms of diet, socio-economic

status, health systems, socio-cultural environment and/or

clinical management that can affect the experience of NVP.

In particular, medication prescription by medical personnel

appears to be far more common in Spain, which would be

expected given a higher number of participants in the

extreme category of severity. The use of prescription drugs

could also facilitate a perception of persistence in time if

women continued taking medication in order to prevent

new episodes of NVP. We also cannot rule out a recall bias

for women, especially from the MTR cohort, reporting data

about experiences that could have happened years ago.

However, the twin correlations and sources of variance

were equivalent between cohorts.

Our results indicate that experiencing NVP is highly

heritable, since genetic effects accounted for 73 % of the

variance. Additionally, we tested if the magnitude of the

heritability estimates from the Spanish, Finnish and Nor-

wegian cohorts were equivalent across cohorts. We used

raw data for the Spanish and Finnish cohorts and the

sample size and twin correlations reported in the paper by

Corey et al. (1992) for the Norwegian data. The heritability

estimates could be equated without loss of model fit

(-2LL = 0.41, df = 2, p = .81) as calculated in Mx,

showing that the estimates were equivalent across cohorts.

Table 3 Model-fitting results for univariate models for NVP phenotypes and proportions of variance explained by additive genetic (A), common

environment (C) or dominant genetic effects (D) and residual variation (E) with 95 % confidence intervals (CI)

Parameter estimates (CIs = 95 %) Goodness-of-fit index

Model A C/D E -2LL df AIC DX2 Ddf p

Presence

ACE 0.73 (0.30, 0.84) 0 (0, 0.35) 0.27 (0.16, 0.44) 2249.337 1694 -1138.663

ADE 0.73 (0.38, 0.84) 0 (0, 0.34) 0.27 (0.16, 0.43) 2249.337 1694 -1138.663 – – –

AE 0.73 (0.57, 0.84) – 0.27 (0.16, 0.43) 2249.337 1695 21140.663 0.00 1 1

E – – 1 (1,1) 2303.371 1696 -1088.629 54.03 2 \0.001

Duration

ACE 0.51 (0.11, 0.63) 0 (0, 0.31) 0.49 (0.37, 0.65) 4094.47 1688 718.47

ADE 0.51 (0, 0.63) 0 (0, 0.62) 0.49 (0.36, 0.64) 4094.47 1688 718.47

AE 0.51 (0.36, 0.63) – 0.49 (0.37, 0.64) 4094.47 1689 716.47 0 1 1

E – – 1 (1,1) 4131.77 1690 751.77 37.30 2 \0.001

Severity

ACE 0.53 (0.23, 0.65) 0 (0, 0.21) 0.47 (0.35, 0.62) 4049.210 1681 687.21

ADE 0.23 (0, 0.64) 0.32 (0, 0.67) 0.45 (0.33, 0.60) 4048.39 1681 686.39 4

AE 0.53 (0.38, 0.65) – 0.47 (0.35, 0.62) 4049.21 1682 686.21 0.82 1 0.37

E 1 (1,1) 4088.03 1683 722.03 39.64 2 \0.001

df degrees of freedom, -2LL twice negative log-likelihood, DX2 difference in X2 as compared to ADE model, Ddf difference in degrees of

freedom as compared to ADE model. Bold values indicates best fitting model
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These data collected from women born between 1915 and

1988 in three different countries provide consistent evi-

dence that supports the existence of a genetic effect on the

presence of NVP. This is also consistent with the familial

aggregation reported for NVP in other studies (Fejzo et al.

2008; Gadsby et al. 1997). These findings motivate inter-

national efforts to analyze genetic data on NVP, such as the

established Consortium.

We also analyzed the sources of variation of the dura-

tion and the severity of NVP. In both variables, the heri-

tability estimates were moderate (51 and 53 % for duration

and severity, respectively). That is, the degree to which

symptoms of NVP occur is also heritable. The phenotypic,

genetic and environmental correlations of both phenotypes

were extremely high. However, the correlations were

mainly driven by the women who did not have NVP

symptoms or had them for less than 7 days, with a minor

impact (n = 716). That is, if this first category was omitted

from the analyses, the phenotypic correlation was reduced

to .54 (95 % CIs = .47–.60). Thus, the duration and the

severity of NVP are similar in nature and the same genetic

and environmental risk factors likely contribute to both

phenotypes. It is possible there is a recall bias so those who

had severe NVP tend to report longer durations and those

who had a mild one tend to report shorter duration of the

symptoms. If so, it is likely that this pattern is a reflection

of the course of NVP over pregnancy in the absence of

efficient treatments for those with more severe symptoms.

This finding offers clues for the design of future projects,

so for example it may be possible to jointly study both

traits in a genome wide association study, that is, to com-

bine in GWAS meta-analysis data from different cohorts

Fig. 1 Cholesky decomposition

for latent variables, showing the

standardised path coefficients.

They need to be squared to

compute the variance

components. A1 and A2:

Additive genetic factors, E1 and

E2: residual factors
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that have collected information on either severity or

duration of NVP or to use data from one of the phenotypes

as a replication for the findings of the other.

Our findings justify the importance of searching for

genetic variants influencing NVP. Genetic variants influ-

encing the serotonin neurotransmitter (Goecke et al. 2010)

and hCG have been proposed as candidates for the devel-

opment of NVP. There is also a higher frequency of severe

NVP in patients with certain genetically-determined con-

ditions such as disorders in taste sensation, in the glyco-

protein hormone receptor or in fatty acid transport (Outlaw

and Ibdah 2005; Rodien et al. 1998, 2004; Bartoshuk et al.

1996; Sipiora et al. 2000). However, the genetic pathways

that influence NVP have not yet been elucidated.

NVP is a universal condition in pregnancies. There is

documentation of vomiting in pregnancy dating back to

ancient Egypt (2000 BC) and works by Hippocrates dated

around 300 BC (O’Brien and Newton 1991) and NVP is

common in both industrialized and non- industrialized

societies. Additionally, food rejection at the beginning of

pregnancy has been reported in rhesus monkeys (Czaja

1975). It is hyphotesised the influence of genes on NVP

may have evolved to ensure pregnancies with better gen-

eral outcomes. While NVP can limit maternal and fetal

access to energy and nutrients, it is associated with reduced

risk of spontaneous abortion and other complications

(Koren et al. 2014; Chortatos et al. 2015).

There are a number of limitations that should be con-

sidered. Firstly, there may be recall bias in those women

reporting data about NVP from pregnancies that took place

some years ago. However, pregnancy-related events are

less susceptible to recall bias than other kind of events

(Attard et al. 2002). Secondly, as many of the participants

were still within child bearing age, it is possible that we

may be underestimating prevalence and severity as there is

the potential for additional more affected pregnancies.

Lastly, we were unable to control for some potential

variables that are relevant in the experience of NVP, such

as the fact of having a multiple pregnancy or the age at the

most affected pregnancy.

In summary, NVP and HG are important health out-

comes in terms of their high frequency, clinical and psy-

chosocial consequences for women, adverse pregnancy

outcomes and financial burden. Our results indicate that a

significant part of the individual differences in NVP are

due to genetic variation. Future work should identify

specific factors to understand the causes of NVP, which

may help with the development of more effective treat-

ments acting in new biological targets and preventing the

progression from mild to severe NVP or HG. A better

prediction of which women will be at risk for NVP and

HG, would allow for informing women about their per-

sonal risk levels so they can make better decisions about

when and how to seek treatment, with the aim of increasing

the number of women who receive medical assistance prior

to progression to severe NVP thereby reducing the preva-

lence of HG.
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Appendix: Questionnaire

Have you ever experienced any nausea or vomiting or morning sickness while pregnant?

No, I've never experienced any nausea or vomiting or morning sickness while pregnant, 

or I did for less than 7 days.

Yes, I have experienced some nausea or vomiting or morning sickness while pregnant for 

7 or more days.

Thinking of your most affected pregnancy, did you have any morning sickness during your

1st trimester

2nd trimester

3rd trimester

Using the following scale which of the following best describes your experiences during your

most affected pregnancy?

I had some nausea and/or vomiting for more than 7 days, but I didn't see a doctor about 

this. It didn't disrupt my daily routine.

It disrupted my daily routine but it didn't affect my weight and I didn't need medication to 

manage it.

It really disrupted my daily routine and I was prescribed medication (or was put on a 

drip) but it didn't lead to weight loss.

It really disrupted my daily routine. I lost weight. I was prescribed medication or was put 

on a drip or feeding tube.

I don't remember or am unsure.
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