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A B S T R A C T   

Objective: Only a few studies have reported on the association between hyperemesis gravidarum and the risk of 
childhood cancer. We examined possible associations in this population-based study in Denmark. 
Methods: Pediatric cancer cases (n = 6420) were ascertained from the Denmark Cancer Registry among children 
born between 1977 and 2013. Twenty-five controls were matched to each case by sex and birth date from the 
Central Person Registry (n = 160500). Mothers with hyperemesis gravidarum were ascertained from the National 
Patient Register. The risk of childhood cancer was estimated using conditional logistic regression. In a separate 
analysis, we examined pregnancy prescription of antinauseant medications, ascertained from the National 
Pharmaceutical Register, to determine associations with childhood cancers. 
Results: In Denmark, hyperemesis gravidarum was associated with an increased risk of childhood cancer [all 
types combined; Odds Ratio (OR) = 1.43, 95% confidence interval (CI) 1.12, 1.81; n = 73 exposed cases). 
Hyperemesis gravidarum was also associated with an increased risk of neuroblastoma (OR = 2.52, 95% CI 1.00, 
6.36; n = 5 exposed cases), acute lymphoblastic leukemia (OR = 1.63, 95% CI 0.98, 2.72; n = 16 exposed cases), 
and non-Hodgkin’s lymphoma (OR = 2.41, 95% CI 0.95, 6.08; n = 5 exposed cases). We observed no childhood 
cancer risk increase from antinauseant prescriptions (OR = 1.05, 95% CI 0.84, 1.30; n = 91 exposed cases). 
Conclusion: Our results are suggestive of an association between hyperemesis gravidarum and the overall cancer 
risk in offspring, particularly for neuroblastoma. Mothers with hyperemesis gravidarum should be closely 
monitored and receive appropriate treatment during pregnancy.   

1. Introduction 

Hyperemesis gravidarum is severe nausea and persistent vomiting 
during pregnancy, sometimes necessitating hospital admission and 
treatment [1]. It is prevalent in about 2–3% of pregnant women and can 
result in weight loss, dehydration, electrolyte disturbance, acid-base 
imbalance, and nutritional deficiency [2]. Hyperemesis gravidarum 
typically occurs between the 4th and 10th week of pregnancy and sub
sides by the 20th week, but it may persist throughout pregnancy [1]. 
Although the etiology is unclear, several mechanisms have been pro
posed as risk factors for hyperemesis gravidarum, including multiple 
gestation, hydatidiform mole, hormonal or endocrine disorders, 

gastrointestinal infection, higher gravidity, and underweight [1,3–5], 
while smoking appears negatively associated [6]. 

Most studies have shown that hyperemesis gravidarum is associated 
with intrauterine growth restriction, placenta abruption, preterm birth, 
and small for gestational age [2,7,8]. Other complications reported in 
offspring of mothers with severe hyperemesis gravidarum include 
Wernicke’s encephalopathy [9], rhabdomyolysis, central pontine mye
linolysis, and vasospasm of cerebral arteries [10]. These complications 
result from nutritional deficiencies and electrolyte disturbances. Intra
uterine exposures of the fetus to undernutrition and electrolyte imbal
ance may lead to long-lasting effects on immune function, blood 
pressure, insulin, and cholesterol metabolism and may affect fetal 

* Correspondence to: University of North Texas, College of Health and Public Service, 1155 Union Circle # 311340, Denton, TX 76203-5017, USA. 
E-mail address: julia.heck@unt.edu (J.E. Heck).  

Contents lists available at ScienceDirect 

Cancer Epidemiology 

journal homepage: www.elsevier.com/locate/canep 

https://doi.org/10.1016/j.canep.2023.102472 
Received 12 July 2023; Received in revised form 5 October 2023; Accepted 10 October 2023   

mailto:julia.heck@unt.edu
www.sciencedirect.com/science/journal/18777821
https://www.elsevier.com/locate/canep
https://doi.org/10.1016/j.canep.2023.102472
https://doi.org/10.1016/j.canep.2023.102472
https://doi.org/10.1016/j.canep.2023.102472
http://crossmark.crossref.org/dialog/?doi=10.1016/j.canep.2023.102472&domain=pdf
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


Cancer Epidemiology 87 (2023) 102472

2

growth and neurodevelopment or contribute to diseases in later life 
[11]. 

Prenatal exposures often influence the risk of specific childhood 
cancers [12]. In line with this, the United Kingdom Childhood Cancer 
study reported a 3.6 times increased risk of all leukemias in children of 
mothers with severe hyperemesis gravidarum in pregnancy (n = 6 
exposed cases) [13]. Another study reported a four times increase in risk 
of testicular cancer among male children of mothers with hyperemesis 
gravidarum, based on only eight exposed mothers [14]. In contrast, a 
large Scandinavian study concluded that hyperemesis gravidarum was 
not associated with an increased risk of leukemia or testicular cancer but 
found an association with lymphoma [15]. Instead of limiting to 
hyperemesis gravidarum, other papers have examined nausea or vom
iting more broadly [16]. To address inconsistent results concerning 
possible associations between hyperemesis gravidarum and childhood 
cancer overall or among specific cancers, additional population-based 
studies are needed. 

Previous studies that have examined the relationship between anti
nauseants and other drugs used for nausea and vomiting in pregnancy 
reported that maternal use of antinauseants was associated with no or 
only a weak increase in the risk of childhood cancers (OR range 0.9–1.4, 
across cancer types) [17–21]. Given the small number of studies, more 
research is needed. 

This study aims to investigate associations between hyperemesis 
gravidarum and childhood cancer using data reported in national birth 
and cancer registers in Denmark. An earlier Scandinavian-registry-based 
study merged data from Norway, Sweden, and Denmark, and the study 
showed a marginal association between hyperemesis gravidarum and 
overall childhood cancer risk (all cancers combined; OR=1.19, 95% CI 
0.97–1.48) [15]. We build upon this work by focusing only on Denmark 
with additional years of data and via linkage to the National Pharma
ceutical Register to examine any putative role of anti
emetic/antinauseant use (hereafter, antinauseants). 

2. Methods 

As previously described, in this matched case-control study, we used 
data obtained from linking multiple Danish registers using unique 
identification codes [22]. Cancer cases diagnosed between 1977 and 
2013 were ascertained among children under 20 years of age from the 
Danish Cancer Registry. Using children under 20 years allowed the best 
statistical power for our sample for these rare cancers. Children with 
cancer were linked to their parents in the Central Population Registry 
using the 10-digit Central Person Number assigned to every person 
living in Denmark since 1968. Controls, free of cancer at the date of 
diagnoses of corresponding cases, were selected randomly from the 
Central Population Registry, and 25 controls were matched to cases by 
sex and birth date. Cancer types were categorized using the Interna
tional Classification of Childhood Cancer (ICCC) [23]. 

We conducted analyses in two samples: the first relied on data from 
the National Patient Register (births 1977–2013), which allowed for the 
greatest statistical power due to the longer time period [24]. Then, to 
determine whether an increased risk might be due to medications used 
to treat hyperemesis gravidarum, we additionally utilized the National 
Prescription Register, which includes information on every prescription 
filled at a pharmacy in Denmark but is only available for the latter part 
of our study period (births 1995–2014)[25]. We estimated odds ratios 
and interpreted them as risk ratios as we were assessing rare outcomes. 

2.1. Sample 1: 1977–2013 Sample 

We obtained birth and demographic information from the Central 
Population and Medical Birth Registers and maternal diagnoses of 
hyperemesis gravidarum using a Danish modification of the Interna
tional Classification of Diseases (ICD), ICD-8, and ICD-10 (638.0 and 
638.9, 762.49, O21, O21.0, O21.1, O21.2, O21.8, O21.9) [26], from the 

National Patient Register and Medical Births Register [24,27]. The study 
sample included 6420 cancer cases and 160500 controls. A flow chart 
showing the selection of cases and control is shown in Fig. 1a. 

We estimated associations between hyperemesis gravidarum and 
childhood cancer risk using conditional logistic regression for the 
1977–2013 birth sample. All analyses were done using SAS 9.3 software. 
Based on the literature, we adjusted for covariates that could be po
tential confounders [15,28]. These include maternal age, planned ce
sarean section, birth order (firstborn/later), hyperthyroidism before 
birth, hypothyroidism before birth, and anxiety before birth. A previous 
study noted that women with hyperemesis gravidarum are more likely 
to undergo a cesarean section [2], or have a planned cesarean section 
[7], and planned cesarean sections have been related to childhood 
cancer [29]. We determined details about planned cesarean sections in 
part from ICD codes (DO842, DO820), and in part from variables from 
the Medical Birth Register, in which the information collected changed 
over time. We adjusted for maternal anxiety (diagnosed before the index 
child’s birth) because other studies have linked stress and anxiety in 
pregnancy with hyperemesis [30]. Likewise, hyperthyroidism presents 
with symptoms similar to anxiety. Both hypothyroidism and hyperthy
roidism may present with hyperemesis gravidarum in pregnancy, and 
both have been linked to childhood cancer [3,31]. Other variables such 
as living in urban or rural areas, diabetes before birth, preeclampsia in 
the index pregnancy, and multiple births were considered for adjust
ment [32], but left out of the final model because they did not change 
the effect estimates by 10% or more [33]. Maternal smoking during 
pregnancy and body mass index (BMI) were only collected during the 
latter part of the study period. Thus, we were not able to adjust for BMI 
in models due to the small sample size from years when the variable was 
available. Adjusting for smoking did not change results so we present the 
model without adjustment for smoking. An earlier analysis of a Danish 
sample, with overlapping cases to the current study, found no relation 
between maternal smoking and most cancer types [34]. 

Sample 2: Pharmaceutical Registry Sample (births 1995–2014). 
As per Danish national regulations, the National Prescription Reg

ister data are kept on the Statistics Denmark server [35]. Therefore, the 
analysis that included these medications was done separately with 
different but still randomly selected controls ascertained according to 
the same principles as listed above (matched by sex and birth date). 
Along with the National Prescription Register, this sample included all 
registers listed above. This analysis included 2521 cancer cases (diag
nosed between 1996 and 2016) and 63,025 controls. Fig. 1b shows a 
flowchart of the selection of cases and controls. We ascertained any use 
of antinauseants (one or more prescriptions) from the National Phar
maceutical Register using Anatomical Therapeutic Chemical (ATC) 
Classification codes: R06AA02 (diphenhydramine), R06AE05 (mecli
zine), R06AD02 (promethazine), R06AA52 (dimenhydrinate/dram
amine), R06AA09 (doxylamine/pyridoxine), N05AB04 
(prochlorperazine), A03FA01(metoclopramide), A04AA01(ondanse
tron), A04AA02 (granisetron), A04AA04 (dolasetron) [35]. In a sensi
tivity analysis, we also examined the risk from 2 or more prescriptions, 
vs. none. 

We estimated the effect of antinauseant medication use on childhood 
cancer risk using conditional logistic regression, with adjustment for the 
same covariates above as well as adjustment for hyperemesis grav
idarum. Sensitivity analysis was performed to examine those who had 
only one prescription for antinauseants and those who had more than 
one prescription. 

3. Results 

3.1. 1977–2013 Sample 

The demographics of sample participants are shown in Tables 1 and 
2. The prevalence of hyperemesis gravidarum among controls was 0.8%. 
Mothers of cases were more likely to be overweight or obese compared 
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Fig. 1. a: Flow chart showing the selection of cases and controls in the 1977–2013 sample. b: Flow chart showing the selection of cases and controls in pharma
ceutical Registry Sample (births 1995–2014). 
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Table 1 
Demographic characteristics of cases and controls.   

1977–2013 sample 
(N = 166920) 

Pharmaceutical registry sample for birth year > =1995 (N = 65546) 

Demographic or health factor Controls (N = 160500) Cases (N = 6420) Controls (N = 63025) Cases (N = 2521)  
N (%) N (%) N (%) N (%) 

Maternal age group     
< 25 36926 (23.0) 1423 (22.2) 8388 (13.3) 321 (12.7) 
25–29 60761 (37.9) 2472 (38.5) 21646 (34.3) 907 (36.0) 
30–34 44553 (27.8) 1744 (27.2) 22240 (35.3) 851 (33.8) 
35–39 15699 (9.8) 669 (10.4) 9176 (14.6) 384 (15.2) 
40 + 2561 (1.6) 112 (1.7) 1574 (2.5) 58 (2.3) 
Missing 0 0 1 0 
Urbanicity of residence     
Urban 50986 (31.8) 2114 (32.9) 22054 (35.0) 896 (36.1) 
Small town 46638 (29.1) 1808 (28.2) 17672 (28.0) 677 (27.3) 
Rural 62876 (39.2) 2498 (38.9) 23299 (37.0) 910 (36.6) 
Missing 0 0 0 38 
Maternal smoking at first prenatal visit* 2075 4 (24.2) 818 (23.9) 12452 (20.6) 487 (20.1) 
Pre-pregnancy BMI* *     
< 18.5 815 (4.1) 33 (4.1) 887 (4.2) 37 (4.2) 
18.5–25 12778 (64.2) 496 (61.0) 13592 (63.6) 528 (60.6) 
> 25 4041 (20.3) 181 (22.2) 4284 (20.1) 195 (22.4) 
30þ 2274 (11.4) 103 (12.7) 2592 (12.1) 112 (12.8) 
Missing 140592 5607 41670 1649 
Plural pregnancy 4620 (2.9) 190 (3.0) 2549 (4.0) 103 (4.1) 
Hyperemesis gravidarum 1300 (0.8) 73 (1.1) 752 (1.2) 36 (1.4) 
Firstborn child 68859 (42.9) 2827 (44.0) 25405 (40.3) 1074 (42.6) 
Planned cesarean section 5248 (3.3) 246 (3.8) 4596 (7.3) 209 (8.3) 
Preeclampsia 5548 (3.5) 237 (3.7) 1747 (2.8) 75 (3.0) 
Diabetes* ** 1862 (1.2) 86 (1.3) 1171 (1.9) 53 (2.1) 
Hyperthyroidism* ** 488 (0.3) 15 (0.2) 391 (0.6) 12 (0.5) 
Hypothyroidism* ** 342 (0.2) 12 (0.2) 330 (0.5) 7 (0.3) 
Anxiety* ** 163 (0.1) 9 (0.1) 90 (0.1) 7 (0.3) 

* Smoking status at the first midwife consultation was collected from 1991 to 2013. 
* * Pre-pregnancy BMI was collected from 2003 to 2013. 
* ** Maternal diagnoses occurring at any time before the child’s birth 

Table 2 
Maternal hyperemesis during pregnancy in relation to demographic factors.   

1977–2013 sample Pharmaceutical registry sample for birth year > =1995 

Demographic or health factor No Hyperemesis Maternal Hyperemesis No Hyperemesis Maternal Hyperemesis  

N (%) N (%) N (%) N (%) 
Maternal age group     
< 25 37970 (23.0) 379 (27.6) 8559 (13.2) 150 (19.0) 
25–29 62740 (37.9) 493 (35.9) 22287 (34.4) 266 (33.7) 
30–34 45918 (27.7) 379 (27.6) 22824 (35.3) 267 (33.9) 
35–39 16257 (9.8) 111 (8.1) 9472 (14.6) 88 (11.2) 
40 + 2662 (1.6) 11 (0.8) 1615 (2.5) 17 (2.2) 
Missing 0 0 1 0 
Urbanicity of residence     
Urban 52642 (31.8) 458 (33.4) 22677 (35.0) 273 (34.7) 
Small town 48054 (29.0) 392 (28.6) 18106 (28.0) 243 (30.8) 
Rural 64851 (39.2) 523 (38.1) 23937 (37.0) 272 (34.5) 
Missing 0 0 38 1 
Maternal smoking at first prenatal visit* 21461(24.3) 111 (12.5) 12868 (20.7) 71 (9.4) 
Pre-pregnancy BMI* *     
< 18.5 828 (4.1) 20 (6.7) 903 (4.1) 21 (6.3) 
18.5–25 13108 (64.2) 166 (55.9) 13925 (63.6) 195 (58.2) 
> 25–30 4150 (20.3) 72 (24.3) 4404 (20.1) 75 (22.4) 
30 + 2338 (11.4) 39 (13.1) 2660 (12.2) 44 (13.1) 
Missing 145123 1076 42866 453 
Plural pregnancy 4723 (2.9) 87 (6.3) 2593 (4.0) 59 (7.5) 
Firstborn child 71113 (43.0) 573 (41.7) 26180 (40.4) 299 (37.9) 
Planned cesarean section 5406 (3.3) 88 (6.4) 4742 (7.3) 63 (8.0) 
Preeclampsia 5716 (3.5) 69 (5.0) 1793 (2.8) 29 (3.7) 
Diabetes* ** 1930 (1.2) 18 (1.3) 1205 (1.9) 19 (2.4) 
Hyperthyroidism* ** 478 (0.3) 25 (1.8) 380 (0.6) 23 (2.9) 
Hypothyroidism* ** 351 (0.2) <5 329 (0.5) 8 (1.0) 
Anxiety* ** 169 (0.1) <5 94 (0.2) <5 

* Smoking status at the first midwife consultation was collected from 1991 to 2013. 
* * Pre-pregnancy BMI was collected from 2003 to 2013. 
* ** Maternal diagnoses occurring at any time before the child’s birth 
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to controls. A higher proportion of mothers with hyperemesis grav
idarum were less than 25 years of age at the time of the child’s birth 
compared to mothers without hyperemesis gravidarum. 

Hyperemesis gravidarum was related to an overall increased risk of 
childhood cancers, with the highest point estimates for non-Hodgkin’s 
leukemia (NHL) and neuroblastoma (Table 3). We also observed an as
sociation between hyperemesis gravidarum and the risk of acute 
lymphoblastic leukemia (ALL; OR = 1.63, 95% CI 0.98, 2.72), and NHL 
(OR = 2.41, 95% CI 0.95, 6.08). 

We observed a higher birthweight in offspring with ALL 
(mean=2.19 kg) or neuroblastoma (mean=2.40 kg) whose mothers had 
hyperemesis compared to offspring with ALL (mean=2.14 kg) or neu
roblastoma (mean=2.15 kg) whose mothers did not have hyperemesis. 

3.2. Pharmaceutical Registry Sample (1995–2014) 

The demographic distribution of Pharmaceutical Registry Sample 
subjects is described in Table 1 and Table 2. The prevalence of hyper
emesis gravidarum among controls was 1.2%. There were more planned 
cesarean sections among mothers of cases in the pharmaceutical sample 
data. Of the women receiving antinauseants for whom an indication was 
given for their prescription, 24.7% received antinauseant medication 
due to vomiting in pregnancy, including both mild and severe vomiting. 
The second most common indication was “normal pregnancy,” at 18.0%. 
Among the cases in the Pharmaceutical Registry sample (n = 2521), the 
phi coefficient for the correlation between a hyperemesis diagnosis and 
any antinauseant medication was 0.2456, which indicated a weak pos
itive association between hyperemesis diagnosis and antinauseant 
prescriptions. 

After adjustment for hyperemesis gravidarum and all other cova
riates, there was no compelling association between antinauseant use 
and the risk of childhood cancer (Table 4), although some point 

estimates were elevated with wide confidence intervals. Sensitivity 
analysis showed no difference in childhood cancer risk between 
offspring of mothers who had one prescription of antinauseants 
compared to those who had more than one prescription. Among those 
who had two or more prescriptions, the sample size was limited but we 
did not observe increases for any type of cancer (OR=0.85, 95% CI 
0.59–1.24) or for ALL (OR=0.80, 95% CI 0.37–1.73). 

4. Discussion 

This population-based study in Denmark examined the relationship 
between hyperemesis gravidarum and childhood cancer risk. The 
prevalence of hyperemesis in control mothers in our study sample was 
0.8% which is comparable to the prevalence reported in other Danish 
studies, and falls within the 0.3%− 3.6% prevalence estimated globally 
[36,37]. There was an overall increase in the odds of childhood cancer 
risk in the offspring of mothers with hyperemesis gravidarum, and also 
for some cancer subtypes particularly for NHL, ALL, and neuroblastoma, 
supporting results seen elsewhere [13]. Importantly, after adjustment 
for hyperemesis our study observed no cancer risk from the prescription 
of antinauseants. As this is in line with most other studies on anti
nauseants, if it continues to be replicated it is encouraging for pregnant 
women. Our point estimate of the association between hyperemesis 
gravidarum and lymphoma was similar to that reported by Vandraas 
et al. (RR=1.68) [15], supporting their results. Some findings differed 
from Vandraas et al., perhaps due to slight variation in hyperemesis ICD 
coding used, as well as their use of ICD-10 instead of ICCC to identify 
cases. We also examined subtypes of lymphoma. 

There are a limited number of studies that have previously investi
gated the relationship between hyperemesis gravidarum and childhood 
cancers. To the best of our knowledge, no prior study has reported an 
increased risk of neuroblastoma with hyperemesis gravidarum as found 
in our study. However, some studies have shown weak associations 
(OR= 1.20, 95% CI 0.70, 1.90 [38]; OR = 1.10, 95% CI = 0.90, 1.50 
[16]) between either the use of antinauseants, or self-reported “morning 
sickness,” in relation to neuroblastoma, respectively. Vomiting is esti
mated to impact 52% of pregnant women, with varying severity, and 
another 28% experience nausea without vomiting [39], thus childhood 
cancer studies likely found differing results due to the widely varying 

Table 3 
Maternal hyperemesis during pregnancy in relation to childhood cancer risk 
(1977–2013 sample).  

Cancer type Total N (%) Crude OR Adjusted OR 
(95% CI) * 

Controls 160500 1300 
(0.8) 

Ref Ref 

All cancers 6420 73 
(1.1) 

1.41 
(1.11, 
1.79) 

1.43 (1.12, 
1.81) 

ALL 1222 16 
(1.3) 

1.59 
(0.95, 
2.64) 

1.63 (0.98, 
2.72) 

Lymphoma 757 9 (1.2) 1.70 
(0.86, 
3.36) 

1.78 (0.90, 
1.04) 

NHL 322 5 (1.6) 2.34 
(0.93, 
5.90) 

2.41 (0.95, 
6.08) 

CNS tumors 1583 17 
(1.1) 

1.25 
(0.76, 
2.04) 

1.24 (0.76, 
2.02) 

Intracranial and intraspinal 
embryonal tumors 

674 8 (1.2) 1.75 
(0.85, 
3.61) 

1.83 (0.89, 
3.77) 

Glioma 778 9 (1.2) 1.50 
(0.76, 
2.95) 

1.49 (0.75, 
2.93) 

Neuroblastoma 275 5 (1.8) 2.51 
(1.00, 
6.33) 

2.52 (1.00, 
6.36) 

Astrocytoma 502 6 (1.2) 1.38 
(0.60, 
3.17) 

1.38 (0.60, 
3.16) 

* Conditional logistic regression. Adjusted for maternal age, planned cesarean 
section, and hyperthyroidism before birth, firstborn, anxiety before birth, and 
hypothyroidism before birth. 

Table 4 
Maternal antinausea medications use during pregnancy in relation to childhood 
cancer risk (Pharmaceutical registry sample for birth year 1995–2014).  

Cancer type Total N (%) Crude OR Adjusted OR (95% 
CI) * 

Controls 63025 2133 
(3.4) 

Ref Ref 

All cancers 2521 91 (3.6) 1.07 (0.86, 
1.32) 

1.05 (0.84, 1.30) 

ALL 558 18 (3.2) 0.91 (0.56, 
1.47) 

0.90 (0.55, 1.48) 

AML 114 6 (5.3) 1.45 (0.62, 
3.39) 

1.65 (0.69, 3.88) 

Lymphomas 283 11 (3.9) 1.19 (0.64, 
2.21) 

1.13 (0.60, 2.16) 

NHL 108 5 (4.6) 1.39 (0.55, 
3.48) 

1.52 (0.59, 3.80) 

CNS tumors 596 16 (2.7) 0.86 (0.52, 
1.42) 

0.84 (0.50, 1.42) 

Intracranial 
tumors 

221 9 (4.1) 1.33 (0.67, 
2.64) 

1.28 (0.62, 2.59) 

Neuroblastoma 135 8 (5.9) 1.66 (0.79, 
3.47) 

1.45 (0.66, 3.08) 

* Conditional logistic regression. Adjusted for hyperemesis during the index 
pregnancy, maternal 
age, planned cesarean section, hyperthyroidism before birth, firstborn, anxiety 
before birth, 
hypothyroidism before birth. 
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definitions of the exposure. 
Nausea and vomiting are common in pregnancy and typically 

decrease or stop as the pregnancy progresses. However, the duration and 
severity of the symptoms vary from one pregnancy to another. There is 
no consensus on the definition of hyperemesis gravidarum, and our data 
source did not detail the severity or frequency of nausea and vomiting. 
Thus, we could not examine dose-response effects nor determine the 
threshold at which risk may be increasing. While we could not ascertain 
information on non-pharmacologic treatments, steps such as diet regu
lation (such as eating “little and often” or eating at certain times of the 
day) are typically attempted by the mother prior to presentation and 
diagnosis. 

The lack of a rigorous definition for hyperemesis gravidarum could 
have been a limitation, and misclassification could have occurred in 
both directions (towards or away from the null). Previous studies have 
defined hyperemesis gravidarum with different criteria, and some 
defined it as severe nausea and vomiting preventing food and fluid 
intake with or without abnormal laboratory results [40]. Fairweather 
et al. included hospital admission in their definition [1,41]. It is chal
lenging to determine the severity of nausea and vomiting in defining the 
threshold for when hyperemesis gravidarum is diagnosed. 

Although a mechanism for the relationship between hyperemesis 
gravidarum and childhood cancer is not well understood, adverse 
exposure in-utero coupled with environmental exposures may increase 
the susceptibility to diseases in later life. Hyperemesis gravidarum in 
mothers has been most often associated with hormone-sensitive cancers 
in offspring and is also more common in conditions such as a first 
pregnancy and maternal higher body mass index [4], all related to high 
pregnancy estrogen levels. Pregnancy estrogens may also be related to 
offspring cancer risk [42]. At the same time, another study suggested 
that having lower estrogen levels in later pregnancies could be associ
ated with reduced risk of neuroblastoma in children [43]. Elevated 
estradiol levels have been reported in patients with hyperemesis grav
idarum [3,4], but not in all studies [41]. Changes in hormonal levels 
may affect different regulatory pathways and may alter organogenesis 
[44]. 

Another plausible explanation for the association between hyper
emesis gravidarum and childhood cancer could be due to possible 
extreme weight loss (>15% of pre-pregnancy weight), nutritional and 
electrolyte deficiencies, which could lead to vitamin B1 and vitamin K 
deficiency [45]. These factors, including maternal stress during preg
nancy, are related to risks of adverse birth outcomes, including cardiac, 
renal, and neuromuscular complications, including fetal intracranial 
hemorrhage and hydrocephalus [46]. In addition, infants of mothers 
with hyperemesis gravidarum have a higher risk of preterm delivery and 
very low birth weight, likely due to nutrient deficiency in-utero [2,47]. 
These risks have separately been associated with different childhood 
cancers in previous studies [12]. However, we did not observe a lower 
birthweight among ALL or neuroblastoma cases whose mothers had 
hyperemesis. 

Hyperemesis gravidarum has been associated with preeclampsia and 
lower insulin sensitivity in offspring [48]; although the mechanism is 
unclear, preeclampsia and low insulin sensitivity have been associated 
with cancers such as ALL and neuroblastoma [32,49]. However, 
adjustment for preeclampsia and diabetes in our data did not change our 
results. It is possible that other factors are associated with hyperemesis 
gravidarum, such as chronic hypertension, liver disease, and chronic 
renal disease [50] could each contribute to childhood cancer risk, 
however, there was a low prevalence of such disorders in our sample 
[32] and maternal renal and liver diseases have not previously been 
linked to childhood cancer, with the exception of viral hepatitis [51], a 
cause of pregnancy liver disease. Viral hepatitis was rare in our study. 

Hyperemesis gravidarum is linked to increased levels of human 
chorionic gonadotropin (HCG) hormone, with levels proportional to the 
degree of nausea. HCG has been linked to molar pregnancies and has 
been used as a marker for trophoblastic tumors, germ cell tumors, and 

gastrointestinal cancers [52]. However, its role in childhood cancers has 
not been investigated. There is, however, an association between 
hyperemesis gravidarum and placental dysfunction [8,53], and placenta 
dysfunction has been linked to childhood cancer in our previous study 
[54]. 

The strength of our study is its population-based design with a 
relatively large sample size for this topic. Also, the cases of maternal 
hyperemesis gravidarum were obtained from clinical records, prevent
ing recall bias. However, on the other side, not all cases of hyperemesis 
gravidarum may have been included in our study based on information 
from hospital records. Our findings were based on a small number of 
exposed cases due to rarity of the disease, and we were not able to adjust 
for maternal BMI because it was only collected during a part of the study 
period. Maternal BMI may be a risk factor for some childhood cancers 
[55]. 

In conclusion, we found a suggestive increased risk of childhood 
cancer in offspring of mothers with hyperemesis gravidarum compared 
to unexposed mothers. Importantly, we did not find evidence that 
treatment with antinauseants confers an increased risk. 

Ethics approval 

Human subjects approvals were obtained from the Danish Data 
Protection Agency, the University of California, Los Angeles, and the 
University of North Texas. 

Consent to participate 

This was a no-contact study, with a waiver of informed consent 
granted. 

Funding 

This work was supported by the US National Institutes of Health 
(R21CA175959). 

CRediT authorship contribution statement 

Helen Orimoloye: Writing – original draft, Methodology, Writing – 
review & editing, Formal analysis. Chuanjie Deng: Formal analysis, 
Writing – review & editing. Julia Heck: Conceptualization, Methodol
ogy, Resources, Writing – review & editing, Supervision. Johnni Han
sen: Resources, Writing – review & editing. Jorn Olsen: Writing – 
review & editing. Chai Saechao: Methodology, Writing – review & 
editing. Beate Ritz: Writing – review & editing. 

Declaration of Competing Interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Data Availability 

The datasets analyzed in the current study are subject to the General 
Data Protection Regulation, with restrictions on data sharing in place. 

References 

[1] M. Verberg, D. Gillott, N. Al-Fardan, J. Grudzinskas, Hyperemesis gravidarum, a 
literature review, Hum. Reprod. Update 11 (5) (2005) 527–539. 

[2] J.L. Bailit, Hyperemesis gravidarum: epidemiologic findings from a large cohort, 
Am. J. Obstet. Gynecol. 193 (3) (2005) 811–814. 

[3] T.M. Goodwin, M. Montoro, J.H. Mestman, A.E. Pekary, J.M. Hershman, The role 
of chorionic gonadotropin in transient hyperthyroidism of hyperemesis 
gravidarum, The, J. Clin. Endocrinol. Metab. 75 (5) (1992) 1333–1337. 

[4] R.H. Depue, L. Bernstein, R.K. Ross, H.L. Judd, B.E. Henderson, Hyperemesis 
gravidarum in relation to estradiol levels, pregnancy outcome, and other maternal 

H.T. Orimoloye et al.                                                                                                                                                                                                                          

http://refhub.elsevier.com/S1877-7821(23)00152-2/sbref1
http://refhub.elsevier.com/S1877-7821(23)00152-2/sbref1
http://refhub.elsevier.com/S1877-7821(23)00152-2/sbref2
http://refhub.elsevier.com/S1877-7821(23)00152-2/sbref2
http://refhub.elsevier.com/S1877-7821(23)00152-2/sbref3
http://refhub.elsevier.com/S1877-7821(23)00152-2/sbref3
http://refhub.elsevier.com/S1877-7821(23)00152-2/sbref3
http://refhub.elsevier.com/S1877-7821(23)00152-2/sbref4
http://refhub.elsevier.com/S1877-7821(23)00152-2/sbref4


Cancer Epidemiology 87 (2023) 102472

7

factors: a seroepidemiologic study, Am. J. Obstet. Gynecol. 156 (5) (1987) 
1137–1141. 

[5] M. Nurmi, P. Rautava, M. Gissler, T. Vahlberg, P. Polo-Kantola, Incidence and risk 
factors of hyperemesis gravidarum: a national register-based study in Finland, 
2005-2017, Acta Obstet. Gynecol. Scand. 99 (8) (2020) 1003–1013. 

[6] Å. Vikanes, A.M. Grjibovski, S. Vangen, N. Gunnes, S.O. Samuelsen, P. Magnus, 
Maternal body composition, smoking, and hyperemesis gravidarum, Ann. 
Epidemiol. 20 (8) (2010) 592–598. 

[7] L. Dodds, D.B. Fell, K.S. Joseph, V.M. Allen, B. Butler, Outcomes of pregnancies 
complicated by hyperemesis gravidarum, Obstet. Gynecol. 107 (2) (2006) 
285–292. 

[8] M. Bolin, H. Åkerud, S. Cnattingius, O. Stephansson, A.-K. Wikström, Hyperemesis 
gravidarum and risks of placental dysfunction disorders: a population-based cohort 
study, BJOG: Int. J. Obstet. Gynaecol. 120 (5) (2013) 541–547. 

[9] T. Selitsky, P. Chandra, H.J. Schiavello, Wernicke’s encephalopathy with 
hyperemesis and ketoacidosis, Obstet. Gynecol. 107 (2) (2006) 486–490. 

[10] A. Peetersſ, F. Van de Wyngaert, M. Van Lierde, Wernicke’s encephalopathy and 
central pontinemyelinolysis induced by Hyperemesis gravidarum, Acta Neurol. 
Belg. 93 (1993) 276–282. 

[11] D.J. Barker, J.G. Eriksson, T. Forsén, C. Osmond, Fetal origins of adult disease: 
strength of effects and biological basis, Int. J. Epidemiol. 31 (6) (2002) 1235–1239. 

[12] J.E. Heck, P.C. Lee, C.K. Wu, H.Y. Tsai, B. Ritz, O.A. Arah, C.Y. Li, Gestational risk 
factors and childhood cancers: a cohort study in Taiwan, Int. J. Cancer 147 (5) 
(2020) 1343–1353. 

[13] E. Roman, J. Simpson, P. Ansell, T. Lightfoot, C. Mitchell, T.O. Eden, U.K.C.C.S. 
Investigators, Perinatal and reproductive factors: a report on haematological 
malignancies from the UKCCS, Eur. J. Cancer 41 (5) (2005) 749–759. 

[14] B.E. Henderson, B. Benton, J. Jing, M.C. Yu, M. Pike, Risk factors for cancer of the 
testis in young men, Int. J. Cancer 23 (5) (1979) 598–602. 

[15] K.F. Vandraas, Å.V. Vikanes, N.C. Støer, R. Troisi, O. Stephansson, H.T. Sørensen, 
S. Vangen, P. Magnus, A.M. Grjibovski, T. Grotmol, Hyperemesis gravidarum and 
risk of cancer in offspring, a Scandinavian registry-based nested case–control 
study, BMC Cancer 15 (1) (2015) 1–8. 

[16] S.E. Hamrick, A.F. Olshan, J.P. Neglia, B.H. Pollock, Association of pregnancy 
history and birth characteristics with neuroblastoma: a report from the Children’s 
Cancer Group and the Pediatric Oncology Group, Paediatr. Perinat. Epidemiol. 15 
(4) (2001) 328–337. 

[17] J. Schüz, T. Weihkopf, P. Kaatsch, Medication use during pregnancy and the risk of 
childhood cancer in the offspring, Eur. J. Pediatr. 166 (5) (2007) 433–441. 
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