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Abstract

Hyperemesis gravidarum (hyperemesis), characterised by severe nausea and vomiting in early pregnancy, has an unknown aetiology. The
aim of the present study was to investigate food and nutrient intake before pregnancy and the risk of developing hyperemesis in women
participating in the Norwegian Mother and Child Cohort Study. From 1999 to 2002, a total of 7710 pregnant women answered a FFQ about
their diet during the 12 months before becoming pregnant and a questionnaire about illnesses during pregnancy, including hyperemesis.
Only women who were hospitalised for hyperemesis were included as cases. Nutrient intakes during the year before pregnancy did not
differ between the ninety-nine women who developed hyperemesis and the 7611 who did not. However, the intake of seafood, allium
vegetables and water was significantly lower among women who developed hyperemesis than among women in the non-hyperemesis
group. Relative risks of hyperemesis were approximated as OR, and confounder control was performed with multiple logistic regression.
Women in the upper tertile of seafood consumption had a lower risk of developing hyperemesis than those in the lower tertile (OR 0-50,
95% CI 0-32, 0-98), and women in the second tertile of water intake had a lower risk of developing hyperemesis than those in the first
tertile (OR 0-43, 95% CI 025, 0-73). The findings suggest that a moderate intake of water and adherence to a healthy diet that includes
vegetables and fish are associated with a lower risk of developing hyperemesis.
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Hyperemesis gravidarum (hyperemesis) is characterised
by excessive vomiting during pregnancy, starting before
gestational week 23V, Severe forms of the disease often
lead to nutritional deficiencies, electrolyte imbalance and
weight loss, and are associated with pre-term birth and
low birth weight®. The prevalence of hyperemesis varies
from 0-5 to 3-2%, and the condition is the most common
cause of hospitalisation during the first half of preg-
nancy®~?. Despite extensive research, the aetiology of
hyperemesis remains unknown”. Earlier research has
suggested various mechanisms as possible triggers for the
development of hyperemesis. These include the extreme
hormonal fluctuations of early pregnancy and an overacti-
vation of the immune system®?. Although eating disorders
and low or high pre-pregnancy BMI have been found to
be associated with hyperemesis, pre-pregnancy nutritional

status and dietary intake have barely been investigated
as possible aetiological factors'?~!%.

Pregnancy is a physiological state that features enhanced
oxidative stress due to high metabolic turnover and elev-
ated tissue oxygen requirements. Hyperaemic patients
have been found to have lower total antioxidant activity
and higher malondialdehyde concentrations than pregnant
women who did not develop hyperemesis"'®. Small case—
control studies have also reported that women with hyper-
emesis feature higher oxidative stress (including reduced
levels of the antioxidant glutathione) and higher reactive
oxygen species activity, and have a lower antioxidant
status, than pregnant women without hyperemesis(14’15).
Low antioxidant status before pregnancy may thus con-
tribute to the development of hyperemesis due to the
increased requirement for antioxidants during pregnancy.

Abbreviation: MoBa, Norwegian Mother and Child Cohort Study.
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In a 1998 study, Signorello et al’® compared the
pre-pregnancy dietary intakes of forty-four women who
had developed hyperemesis with the dietary intakes of
eighty-seven women who had not developed hyperemesis.
They found that women who developed hyperemesis had
a significantly higher intake of total and saturated fat than
women who did not develop hyperemesis. It was specu-
lated that a high intake of saturated fat could increase
the concentration of circulating oestrogens, as increased
levels of oestrogens have been linked to hyperemesis”'?.
A positive correlation between intakes of PUFA and umbi-
lical cord oestriol concentration was reported in a more
recent study, in which long-chain #n-3 fatty acids were
significantly negatively correlated with oestriol concen-
tration”. In a study published in 2009, no association
was found between fat intake and oestriol concentration
during pregnancy'®. However, both studies evaluated
dietary intakes during pregnancy, and neither study
found any association between dietary intake and
hyperemesis progression. Whether dietary intake before
pregnancy may play a part in hyperemesis development
remains an open question.

In the Norwegian Mother and Child Cohort Study
(MoBa), 9000 pregnant Norwegian women answered a
FFQ about their dietary intake during the year before preg-
nancy”. Using this information, we wanted to investigate
whether pre-pregnancy food and nutrient intake (and the
intake of fat in particular) was associated with a risk of
developing hyperemesis.

Methods

The present study is a sub-project of MoBa. In brief, MoBa
is a nationwide pregnancy cohort study covering 107 000
pregnancies. It also includes follow-up of parents and
children for the purpose of aetiological studies. Pregnant
women were recruited to the study by postal invitation
after signing up for a routine ultrasound examination at
their local hospital. The participation rate was approxi-
mately 40%"”. The mothers-to-be completed three ques-
tionnaires during pregnancy. The first questionnaire (Q1),
received between weeks 13 and 17 of pregnancy, covered
background factors, exposures and health variables. The
second questionnaire (Q2) was a FFQ. The version of
Q2 used in the present study was sent together with Q1
and asked about the subject’s habitual diet during the
12 months before becoming pregnant. The third question-
naire (Q3), received around week 30 of pregnancy,
included questions about health during pregnancy. The
English translations of the questionnaires can be found at
www.fhi.no/morogbarn. The study was carried out in
accordance with the Helsinki Declaration (World Medical
Association, 2002) and was approved by the Regional
Committee for Ethics in Medical Research and the Data
Inspectorate. Quality-assured data files (version 4, released
in 2008) were used.

Dietary data

The FFQ had questions about 180 food items, grouped
together according to a traditional Norwegian dietary
pattern. The FFQ was answered around week 17 of preg-
nancy. Nutrient calculation was performed using Food
Calc® and the Norwegian Food Composition Table*".
The FFQ data file offered 8957 records. Following the
exclusion of records deemed to be of poor quality due to
missing data or misreporting (energy <4200kJ or energy
>16700kD??, 8753 records (98%) were left for analysis.
Daily intakes (g/d) of the 180 listed food items were
combined into thirty-two non-overlapping food groups.
The FFQ included eighteen questions about commonly
used food supplements. Intakes of long-chain 7n-3 fatty
acids, vitamins and minerals through the supplements
were calculated separately and included in the calculations
of total vitamin and mineral intake.

Outcome variable

The main outcome variable was hyperemesis, defined as
prolonged nausea and vomiting during pregnancy that
required hospitalisation before week 25 of pregnancy, as
reported in Q3. Linking the Q3 data file with the dietary
intake information left 7816 records in the dataset.

Table 1. Socio-demographic characteristics of women participating in
the Norwegian Mother and Child Cohort Study and providing dietary
information, categorised into defined groups

(Number of participants and percentages)

Women
developing Women without
hyperemesis hyperemesis
(n 99) (n7611)
n % n %

Age (years)

<20 5 51 125 1-6

20-30 52 52.5 3668 48-2

30 + 40 40-4 3664 48.2

Missing 2 2.0 154 2.0
Pre-pregnancy BMI (kg/m?)

<155 7 71 228 3.0

15.5-24.9 58 58-6 4862 63-9

25-29-5 23 23.2 1550 20-4

30 + 8 8-1 603 79

Missing 3 3:0 368 4.8
Pre-pregnancy smoking

Non-smoker 63 63-6 4224 55-5

Occasional smoker 8 8-1 791 10-4

Smoker 20 20-2 1722 226

Missing 8 8-1 874 115
Education (years)

<12 28 28-3 1618 21.3

12 14 141 1195 15.7

13-16 35 354 2973 39-1

17 + 18 18-2 1476 19-4

Missing 4 4.0 349 4.6
Parity

Nulliparous 40 40-4 3080 40-5

Multiparous 57 57-6 4376 57-5

Missing 2 2.0 154 2.0
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Moreover, pregnancies resulting in multiple births were
excluded, leaving 7710 records for analysis.

Other variables

Potentially confounding variables (i.e. variables known
to be associated with hyperemesis) were pre-pregnant
BMI, as recorded at the first routine examination early
in the first trimester of pregnancy (categorised as <15-5,
15-5-249, 25-29-5, 30 + kg/m” and missing), length of
education, as a proxy for socio-economic status (cate-
gorised as <12, 12, 13—16, =17 years and missing), smok-
ing before pregnancy (categorised as non-smokers,
occasional smokers, daily smokers and missing), maternal
age (categorised as <20, 20—29, =30 years and missing)
and parity (categorised as 0, 1 + and missing). Pre-preg-
nant physical activity during leisure time was checked for
and categorised as no exercise, irregular, light, frequent
and missing.

Statistics

Continuous and normally distributed variables were ana-
lysed using independent-sample ¢ tests. Skewed data
were analysed using the Mann—Whitney U test. Nominal
data were analysed using y? tests. Relative risks were
approximated as OR and were adjusted for confounding
factors using multiple logistic regression and the tertiles
of food and nutrient intake. All analyses were performed
using SPSS, version 17 (SPSS, Inc., Chicago, IL, USA).

Results

In the available dataset, ninety-nine of the 7710 women
(1-3%) reported the development of hyperemesis that led
to hospitalisation due to the condition. The groups of
women who did and did not develop hyperemesis dis-
played no differences with regard to age (288 (sp 5-3)
and 29-8 (sp 4:6) years) or pre-pregnancy weight (sp 677
(sp 15:0) and 674 (sp 12-1)kg). There was a difference
in weight change between the two groups at week 17
of gestation: —1:3 (sp 44 kg (hyperemesis) and +3-3
(sp 3-3) kg (non-hyperemesis) (P<0:001). A higher percen-
tage of women with hyperemesis belonged to the youngest
age group, were underweight and reported that they were
non-smokers than was the case for women in the non-
hyperemesis group. However, there was no difference
between the two groups with regard to the listed confoun-
ders (x? test; Table 1), nor was there any difference in
physical leisure activity levels between the two groups
(data not shown).

Energy intake during the year before becoming pregnant
did not differ between the two groups, but the women
who developed hyperemesis had a marginally lower
mean intake of protein and alcohol (P=0:06 and 0-07,
respectively; Table 2). Estimated intakes of linoleic acid,
a-linolenic acid, EPA and DHA were similar for the two
groups (Table 2). There were no differences between the
two groups with regard to the intake of vitamins and min-
erals (Table 3). A slightly higher percentage of women in
the hyperemesis group did not achieve the recommended
intake of various nutrients; however, the differences

Table 2. Daily intakes of energy-yielding nutrients from diet, estimated from a FFQ covering the
12 months before pregnancy for women who developed hyperemesis and those without hyperemesis

(Mean values, standard deviations, medians and percentiles)

Women developing
hyperemesis (n 99)

Women without
hyperemesis (n 7611)

Energy-yielding nutrients Mean SD Mean SD P
Energy (kJ) 7949-6 1878-6 8246-6 2029-2 0-12
Protein (g) 80-0 18-6 83-6 21.5 0-06
Fat (g) 66-6 20-0 68-9 216 0-26
Saturated fat (g) 270 5.8 280 9.4 0-25
Trans-fatty acids (g) 1.6 0-8 1.6 0-6 0-58
Monounsaturated fat (g) 20-4 5.8 21.3 6.7 0-11
Polyunsaturated fat (g) 12.8 5.3 13.0 5.3 0-67
Carbohydrates (g) 243-3 62-8 251-3 65-4 0-21
Fibre (g) 241 7-6 24.9 77 0-31
Added sugar (g) 42-8 271 44.5 30-1 0-55
Alcohol (g) 1.4 2.9 1.9 34 0-07
Median P5-P95 Median P5-P95
Linoleic acid (g) 9.6 5.1-20-4 9.6 5.1-19.2 0-52
a-Linolenic acid (g) 1.2 0.6-2.7 1.3 0-6-2:6 0-55
EPA (g) 0-05 0-01-0-21 0-06 0-01-0-23 0-08
DHA (g) 0-12 0-04-0-36 0-13 0-04-0-39 0-11
Total long-chain n-3 fatty acids 0-18 0-06—-0-67 0.22 0-06-0-71 0-09

P5, 5th percentile; P95, 95th percentile.

*Independent-sample t test for normally distributed variables and the Mann—Whitney U test for non-normally distributed

variables.
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Table 3. Daily intakes of vitamins and minerals from diet and food supplements, estimated from a FFQ covering the
12 months before pregnancy in women who developed hyperemesis and those who did not develop hyperemesis

(Mean values, standard deviations and percentages)

Women developing hyperemesis (n 99)

Women without hyperemesis (n 7611)

Vitamins and minerals Mean SD Not achieving RDI (%)* Mean sD Not achieving RDI (%)
Vitamin A (j.g) 1525 737 8.0 1470 736 10-9
Vitamin D (n.g) 6-9 7-5 72.7 72 6-9 68-4
Vitamin E (mg) 21 50 374 23 72 35-1
Thiamin (mg) 1.9 0-6 91 1-8 0-8 89
Riboflavin (mg) 2.0 11 91 1.9 1.0 89
Niacin (mg) 324 10-0 0-0 329 10-8 0-8
Folate (ng) 283 144 83-8 286 162 84-4
Vitamin Bg (mg) 1.9 11 333 1.8 1.0 315
Vitamin B> (ng) 5.3 1.9 1.0 5.6 2.3 1.2
Vitamin C (mg) 153 96 182 159 109 155
Ca (mg) 878 332 485 910 349 41.2
K (9) 35 1.0 40-4 3.6 1.0 324
Mg (mg) 338 88.-0 293 354 94 21.8
Fe (mg) 11-6 11.0 86-6 13-4 14.4 82.2
Zn (mg) 10-9 34 51 114 4.5 79
Se (9) 54 19 20-2 59 24 175
Cu (mg) 1.2 0-4 28-2 1.2 0-6 23.2

RDI, recommended dietary intake.

* The percentage of women within each group who did not achieve the intake recommended by the Nordic Nutritional Recommendations?.

between the two groups were not statistically significant.
The intake of vitamin D, folate and Fe from food was
low for both groups, with more than 70% of the subjects
not achieving the recommended intake of 7-5 g of vitamin
D and over 80% not achieving the recommended intakes
of folate (400 pg) and Fe (15mg) (Table 3).

Of the women who developed hyperemesis, 59 %
reported taking a dietary supplement before pregnancy,
while 62% of the women who did not develop hyperem-
esis took them. The use of folic acid and n-3 fatty acid sup-
plements was similar for the two groups, but among those
who reported the use of supplements, the median intake of
thiamin (0-4 and 0-1 mg/d), riboflavin (0-5 and 0-1 mg/d),
pyridoxine (0-4 and 0-1 mg/d) and niacin (42 and 1-1 mg/d)

(P<0-01 for all) was higher in the hyperemesis group than
in the non-hyperemesis group.

The intake of fish and seafood, allium vegetables (the
onion family), and drinking-water was lower in the hyper-
emesis group than in the non-hyperemesis group. Fewer
subjects in the hyperemesis group had an intake of
coffee and non-alcoholic beer (Table 4). The intake of
fish and seafood, drinking-water and allium vegetables
was categorised into tertiles, which were used in the logis-
tic regression. The intake amounts (in g/d) for the tertiles
are given in Table 5.

In the unadjusted logistic regression, the highest tertiles
of the fish and seafood and allium vegetable groups
were associated with a reduced risk of hyperemesis,

Table 4. Percentage of users and the daily intake of certain food groups estimated from a FFQ
covering the 12 months before pregnancy among women who developed hyperemesis and those

who did not
(Mean values and standard deviations)

Women developing
hyperemesis (n 99)

Women without
hyperemesis (n 7611)

Food group n (%) Mean sD n (%) Mean sD Pt

Pasta (g) 96 34 34 97 39 33 0.06

Fruit/berries (g) 98 147 107 98 157 106 0-25

Allium vegetables (g) 90 57 6-9 90 71 7-5 0-021
Vegetables raw (g) 99 95 112 99 93 77 0-373
Fish and seafood (g) 97 4 26 96 49 32 0-012
Drinking-water (g) 94 396 366 96 435 357 0-047
Coffee (g) 32 320 225 45* 350 242 0-490
Beer (g) 23 33 31 32 57 76 0-171
Non-alcoholic beer (g) 6 39 51 18 35 52 0-446

Values were significantly different (x2 test comparing users and non-users in the two groups): * P<0-05,

** P<0-01.
1 Mann—Whitney U test.
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Table 5. Association between intake of fish and seafood, allium vegetables, and drinking-water and the development of hyperemesis, estimated from
a FFQ covering 12 months before pregnancy with the use of logistic regression

(Mean values, standard deviations, odds ratios and 95 % confidence intervals)

Hyperemesis Model 1* Model 2t Model 3%
Mean SD n % OR 95% CI OR 95% Cl OR 95% Cl

Fish and seafood (g/d)

First tertile 15-8 92 42 1.6 1 1 1

Second tertile 41.3 7-0 36 1.4 0-87 0-55, 1.37 0-90 0-57, 1-42 0-90 0-57, 1-42

Third tertile 81.9 28-2 21 0-8 0-52 0-30, 0-91 0-56 0-32, 0-97 0-56 0-32, 0-98
Allium vegetables (g/d)

First tertile 0-8 07 44 1.7 1 1 1

Second tertile 36 11 26 1.0 0-91 0-56, 1-48 0-95 0-58, 1-56 0-96 0-59, 1-58

Third tertile 130 7-8 29 11 0-61 0-38, 0-98 0-64 0-39, 1-03 0-65 0-40, 1-05
Drinking-water (g/d)

First tertile 122 66 48 19 1 1 1

Second tertile 312 72 20 0-8 0-42 0-25, 0-71 0-42 0-25, 0-71 0-43 0-25, 0-73

Third tertile 822 342 31 1.2 0-66 0-42, 1.05 0-66 0-42, 1-05 0-68 0-43, 1-09

* Adjusted for energy intake.
1 Additional adjustment for pre-pregnancy BMI, maternal age and smoking.
1 Additional adjustment for parity and education.

whereas in the case of water intake, the second tertile was
associated with reduced risk (Table 5). In the adjusted
models, the intakes of water and fish and seafood
remained protective, while the intake of allium vegetables
did not. Associations with water intake were not affected
by the intakes of fish and seafood and allium vegetables,
whereas fish and seafood intake was correlated with
allium vegetable intake.

Discussion

In the present study, we investigated food and nutrient
intake before pregnancy, reported at gestational week 17.
Although no differences in nutrient intakes were observed
between women who did and did not develop hyper-
emesis, women who developed hyperemesis reported a
lower intake of fish and seafood, allium vegetables and
water. Drinking-water in moderate amounts was associated
with the lowest relative risk of hyperemesis development.
The intake of coffee and non-alcoholic beer was more
frequent in the non-hyperemesis group.

In the present study, 1:3% of the subjects developed
hyperemesis, which is a higher rate than that reported pre-
viously for Norway and other Western countries. However,
the incidence falls well below the rates reported for other
countries”***Y Women included in MoBa are not repre-
sentative of all pregnant Norwegian women, and it has
been reported that the selection of women for this cohort
study was biased"”?”. Women younger than 25 years,
smokers and living alone are under-represented, while
multivitamin and folic acid users are over-represented in
the cohort®. These are all factors that could influence
the results in different directions®*®. Additionally, heavy
nausea in early pregnancy may have influenced the
subjects’ ability and desire to sign up for the study. Such
selection bias will influence prevalence estimates but has

not been found to change the estimates of the association
between exposure and disease®”. Moreover, women who
reported food intake retrospectively and thus nausea at
the time of completing the FFQ may have affected the
results. However, in the present study, the reported total
energy intake before pregnancy did not differ between
the hyperemesis and non-hyperemesis groups.

The strengths of the present study include a fairly large
sample size and detailed dietary intake data for the year
before pregnancy. MoBa included subjects from both
urban and rural regions, and covered a wide range of
ages and socio-economic groups.

Previous research on hyperemesis has been influenced
by the fact that less severe nausea and vomiting, which
occurs in up to 80% of all pregnancies, and hyperemesis
have been studied as one and the same condition'”.
This complicates the comparison of different studies and
may explain the divergent results. In the present study,
inclusion in the hyperemesis group was conditional upon
hospitalisation due to prolonged nausea and vomiting.
Inclusion of the severe hyperemesis cases was further
supported by a reported average weight loss of 1-:2kg by
the hyperemesis group at gestational week 17, whereas
the non-hyperemesis group reported an average weight
gain of 3-1kg at week 17.

The aetiology of hyperemesis is poorly understood.
Psychological and biochemical explanations have been
suggested(@ . Vitamin and antioxidant deficiencies as well
as fatty acid peroxidation have been suggested as aetiolo-
gical factors'"*?**” Vitamin deficiency has been reported
in connection with hyperemesis, but not as a cause of
the condition®®. Intravenous rehydration and multivitamin
infusion combined with anti-emetic medication is the treat-
ment of choice for hyperemesis patients (Norwegian
Guidelines). By contrast, the use of vitamin supple-
mentation before and during early pregnancy has been
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found to alleviate the symptoms of women with less severe
nausea and vomiting during pregnancy(G’Z/‘) . In the present
study, no difference in total vitamin intake was observed
between the two groups, although a higher intake of
some B vitamins from food supplements was observed in
the hyperemesis group. This might indicate that dietary
intake was lower for these vitamins, however, not showing
statistically for the total group. B vitamin supplementation
is used in the treatment of hyperemesis, and it is possible
that a low B vitamin status may contribute to the develop-
ment of hyperemesis in some women, although our data
do not support this theory.

Antioxidants are ascribed important biological properties
such as the prevention of DNA damage®, immunomodu-
lation®” and reduced lipid peroxidation®®*”. Dietary anti-
oxidants include not only vitamins or minerals, but also
hundreds of non-nutrient compounds, such as flavonoids
and carotenes. Fruit and vegetables are important sources
of antioxidants, but intakes of these did not differ between
the two groups, except in the case of allium vegetables.
Allium vegetables include onions, shallots, leeks, scallions,
chives and garlic, which are rich in flavonoids and organo-
sulphur compounds®?. The protective effect of allium veg-
etables may also reflect other properties of this food group,
as allium vegetables have traditionally been known for
their antibacterial and fungicidal properties. Garlic,
onions and leeks contain the antimicrobial component alli-
cin, which is known to exhibit broad antibiotic properties,
effective against Gram-negative bacteria such as Helicobac-
ter pylori®®. H. pylori infection has been associated with
hyperemesis in a dose—response pattern®***. It has
been speculated that certain food items such as garlic
and onion may protect against bacterial infections®>3%.
However, hyperemesis is likely to have a multi-factorial
aetiology, and H. pylori infection is probably only one of
several risk factors that contribute to the development of
the condition.

A higher intake of fat, especially saturated fat, has been
reported in women who have developed hyperemesis™®.
In the present study, we found no difference in fat intake
between the two groups, although the non-hyperemesis
group displayed a slightly higher intake of long-chain 7-3
fatty acids that was of borderline significance (P=0-09).
The higher intake of such fatty acids could be explained
by a higher consumption of fish and seafood. The con-
sumption of fish and seafood has been found to have a
protective effect with regard to pre-eclampsia®” and pre-
term birth®®”. Much of this effect has been attributed to
long-chain 7-3 fatty acids. However, a high intake of fish
may also indicate a healthier general dietary pattern®”.

The most interesting, and somewhat surprising, result in
the present study was that drinking-water intake was
associated with a reduced risk of hyperemesis. The effect
was not linear, although still protective in the third tertile.
Water intake is vital for all life and plays numerous
roles in the human body, including acting as a carrier for

nutrients and waste products. Sufficient fluid intake facili-
tates increased diuresis, which may improve the clearance
of potentially emetogenic substances from the body*”. No
clinical study on liquid intake and hyperemesis develop-
ment provides support for this finding/hypothesis, but
the general recommendations for the treatment of hyper-
emesis include hydration“*>*” The strongest protective
effect of drinking-water with regard to hyperemesis devel-
opment was observed in the range of 200—450 g/d, equal-
ling one to two glasses. The mean intake in the third tertile
was 800 g/d, corresponding to the generally recommended
daily amount, although the highest intake in the third
tertile was almost 2litres/d. This indicates that a higher
intake of drinking-water may not be better. Although we
did not observe any association between total liquid
intake and hyperemesis, further investigation is required
to establish whether a low intake of liquid or just a low
water intake may influence hyperemesis development.

In the present study, we investigated the nutrient and
food intakes of pregnant women during the 12 months
before pregnancy. The results indicate that women with
a high intake of fish and seafood and a high intake of
allium vegetables have a reduced risk of developing hyper-
emesis. The intake of one to two glasses of water daily
seemed also to be protective against hyperemesis
development.
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