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Abstract

Purpose The objective of the study was to examine the
safety of ginger use during pregnancy on congenital malfor-
mations and selected pregnancy outcomes.

Methods The Norwegian Mother and Child Cohort study, a
large population-based cohort, provided the data used in this
study. Our study population consisted of 68,522 women.
Data on ginger use and socio-demographic factors were
retrieved from three self-administered questionnaires com-
pleted by the women during weeks 17 and 30 of the preg-
nancy and when their child was 6 months old. Data on
pregnancy outcomes were provided by the Medical Birth
Registry of Norway.

Results Among the 68,522 women in the study, 1,020 (1.5 %)
women reported using ginger during pregnancy. The use of
ginger during pregnancy was not associated with any
increased risk of congenital malformations. No increased risk
for stillbirth/perinatal death, preterm birth, low birth weight, or
low Apgar score was detected for the women exposed to
ginger during pregnancy compared to women who had not
been exposed.

Conclusion Use of ginger during pregnancy does not seem
to increase the risk of congenital malformations, stillbirth/
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perinatal death, preterm birth, low birth weight, or low
Apgar score. This finding is clinically important for health
care professionals giving advice to pregnant women with
NPV.
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Congenital malformations - Pregnancy outcome

Introduction

Ginger rhizome (Zingiber officinale Roscoe) has been used
since ancient times for various conditions, including differ-
ent types of nausea [1]. Various potentially active compo-
nents have been identified [2, 3]. The mechanism of action
has not been established fully, though it is attributed to the
active components’ ability to affect serotonin and muscarin-
ic receptors in the gastrointestinal tract [4]. The components
in ginger may also have antiemetic actions via the central
nervous system [3].

Ginger is currently included in the pharmacopoeias of
many Western countries [1]. Ginger root can be used in
fresh or dried form, or prepared as a tea. Furthermore, ginger
is one of the most commonly used herbs during pregnancy
in Western countries, preferentially against nausea and vom-
iting during pregnancy (NVP) [5]. Several of the latest
published studies (from 2005 onwards) report usage rates
of higher than 10 % [6-9]. Up to 80 % of pregnant women
experience NVP [10], which impacts a woman’s life and
potentially results in reduced quality of life, negative socio-
economic consequences, and even elective termination of
pregnancy, implying the importance of treatments to allevi-
ate the symptoms [10, 11]. Because NVP is experienced
primarily during the first trimester when organogenesis
occurs, teratogen effects are a concern. This possibility has
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led to caution in prescribing and taking medications to treat
this illness. Consequently, many women try complementary
and alternative treatments instead, such as acupressure,
acupuncture, and ginger [10].

Several studies have examined the effectiveness of ginger
in relieving NVP [12-20]. Ginger has been reported to be
more effective than placebo [12, 13, 16, 17, 21]. Ginger has
also been shown to be equally or more effective than vita-
min B6 [14, 15, 18, 20] and dimenhydrinate [19]. Nine of
the already mentioned randomized controlled trials (RCTs)
[12—16, 18-21] were included in a Cochrane review [10].
After evaluating the methodology of the studies and pooling
selected results, the Cochrane review concluded that “ginger
may be helpful to women”, but that “the evidence of effec-
tiveness was limited, and not consistent” [10]. The doses
most commonly used were between 1,000 mg and 1,500 mg
per day. Reported adverse reactions were mild, mostly mild
gastrointestinal effects, drowsiness, and headache. There
were no reports of negative pregnancy outcomes.

Despite the widespread use of ginger, evidence-based
data on the safety of use during pregnancy is limited. This
may be due to the fact that pharmacovigilance is not com-
pulsory for herbal remedies and because many consider
natural remedies as safe in general. However, it is well
recognised that absence of evidence is not the same as
evidence of absence. Most textbooks classify ginger as
relatively safe to use during pregnancy based on a lack of
reports of negative pregnancy outcomes, but recommend
caution due to limited data [22-24]. However, women with
a history of miscarriage, vaginal bleeding, or clotting disor-
der are advised by others to avoid ginger during pregnancy
[25]. Furthermore, ginger is reported to be contraindicated
close to labour because of an increased risk of post-partum
haemorrhage [26]. These concerns are probably due to gin-
ger’s ability to inhibit thromboxane synthetase and, conse-
quently, platelet aggregation in vitro [27], though
conflicting evidence exists regarding the consequences of
this property in vivo [28-30]. In addition, theoretical con-
cerns related to the developing embryo have been related to
ginger’s effect on receptor binding of testosterone possibly
affecting sex steroid differentiation of the fetal brain [31]. In
the German Commission E Monographs, ginger is contra-
indicated for use in morning sickness, though in the expand-
ed edition the authors argue against this contraindication [1].

To date, only one study has investigated the safety of
ginger use during pregnancy in particular [32]. The cohort
study examined the safety of ginger use in 187 women and
reported no adverse pregnancy outcomes (major malforma-
tions, live birth, birth weight, and gestational age) due to
ginger intake during early pregnancy. However, because of
the small sample size, the study had low statistical power.
Thus, uncertainty still remains regarding the safety of ginger
use during pregnancy.
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To increase the existing body of evidence regarding
safety, we conducted a study focusing on the safety of
ginger use during pregnancy based on data from a large
population-based cohort. The primary aim of the study
was to investigate whether exposure to ginger was associated
with an increased risk of congenital malformations. The sec-
ondary aim was to investigate the effects of ginger use on
vaginal bleeding, stillbirth/perinatal death, birth weight, pre-
term birth, and Apgar score.

Materials and methods

Data from the Norwegian Mother and Child Cohort Study
(MoBa) and records from the Medical Birth Registry of
Norway (MBRN) provided the data used in this study.
MoBa is a population-based prospective cohort study con-
ducted by the Norwegian Institute of Public Health and
including more than 100,000 pregnancies [33]. The women
received an informed consent form and the first question-
naire by post with an appointment for a routine ultrasound
examination during week 17-18 of their pregnancy [34].
The target population was women who gave birth in
Norway during the recruitment period (1999-2008).
Recruitment began in the county of Hordaland in western
Norway in 1999 and expanded gradually. From 2005, the
study was nation-wide with 50 of the 52 hospitals in Nor-
way participating. Only facilities with more than 100 births
per year were targeted. The last birth in the cohort occurred
in June 2009. In an assessment of the MoBa study in 2009,
the participation rate was 43.8 % [34]. Information from
MoBa was retrieved from three self-administered question-
naires [35-37]. The first and second questionnaires were
completed during pregnancy weeks 13—-17 and 30, and
provide a wide range of information regarding socio-
demographic characteristics, outcomes of previous pregnan-
cies, medical history, maternal health, lifestyle habits, drug
exposure, and other exposures [34-36]. The third question-
naire was distributed when the child was 6 months old and
includes information on the last pregnancy period (from
week 30 of pregnancy) [34, 37]. Among the women who
agreed to participate in MoBa, the response rate was 95 %
for the first questionnaire, 92 % for the second question-
naire, and 87 % for the third questionnaire [34].

MBRN was established in 1967 and is based on compul-
sory notification of every birth or late abortion in Norway
[38]. Information on pregnancy, delivery, and the health of
the neonate is included in the registry. MBRN provides data
on all live births, still births, and induced abortions after
gestational week 12 (after week 16 up to 2002) [39].

Data from MoBa is linked to the MBRN via the woman’s
personal identification number, which is assigned to people
registered in the National Population Register as residents of
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Norway. MoBa was approved by the Regional Committee
for Ethics in Medical Research, Region South, and the
Norwegian Data Inspectorate.

The MoBa quality assured data file (version 4) released
for research was used in the current study. This file included
72,934 women who delivered between 1999 and 2006. The
women included in the current study had both a record in
MBRN and answered the first questionnaire (n = 69,930).
Women who gave birth to multiples (n=1291) or who gave
birth to children with chromosomal malformations (n=121)
were excluded. Thus, the final study population consisted of
68,522 pregnant women and their newborn children,
corresponding to 94.0 % of the original data file. Among
these women, 92.5 % had answered the second question-
naire and 87.3 % had answered the third questionnaire.

Exposure variable

Information on ginger use came from the three MoBa ques-
tionnaires [35-37]. Several indications were specifically
named in each questionnaire, including NVP. For each in-
dication, the woman could specify several products and
exposure windows; in the first questionnaire: 6 months
before pregnancy, gestational weeks 0—4, 5-8, 9-12, and
13+ (until completion of the first questionnaire); in the
second questionnaire: five exposure weeks could be speci-
fied, 13-16, 17-20, 21-24, 25-28, 29+ (until completion of
the second questionnaire); and in the third questionnaire:
last part of pregnancy, 0—3 months after birth and 4—6 months
after birth. In order to enhance reporting of supplements and
herbal remedies, the women were specifically asked in all
three questionnaires to give the complete name(s) of all vita-
mins and dietary supplements they had used, including alter-
native/herbal remedies and diet products. In this question,
timing of use was not requested. The authors reviewed all
herbal products for ginger as an ingredient.

Exposure was classified as use of ginger during pregnan-
cy (total), use of ginger during the first trimester, or use of
ginger during the second and/or third trimester.

Outcome variables

Information on outcomes was retrieved from the MBRN.
Diagnoses were based on the International Classification of
Diseases, 10th Revision (ICD-10) [40]. All birth defects
diagnosed by paediatricians and/or geneticists in the first
week after birth or while the infants were in the hospital
during their first year of life are included in the MBRN
records. Malformations were defined as any birth defect
registered in the MBRN. Malformations were classified as
major according to the International Clearinghouse for Birth
Defects definition. Cardiovascular malformations included
all malformations classified with ICD-10 code Q20-28 [41].

The following outcome variables were included in the
study: all malformations, major malformations, cardiac mal-
formations, stillbirth/perinatal death, low birth weight
(<2,500 g), preterm birth (<37 weeks), and Apgar score <7 at
5 minutes after birth.

Outcome variables related to maternal vaginal bleeding
were retrieved from the MoBa questionnaires: hospitaliza-
tion due to bleeding and vaginal bleeding. The amount and
timing of bleeding was also reported. All outcomes were
dichotomized yes/no.

Potentially confounding factors

The following socio-demographic factors and lifestyle var-
iables were included in the analysis: maternal age (<24 years,
25-29 years, 30-34 years, >35 years), parity [0 previous
live births, >1 previous live birth(s)], education (primary,
secondary, tertiary — short, tertiary — long), marital status
(married or cohabitating, not), pre-pregnancy body mass
index (BMI) (underweight, normal weight, overweight,
obese), physical activity (never, less than once a week, 1-2
times weekly, 3 or more times weekly), smoking at the end of
pregnancy (no, sometimes, daily), any folic acid use (no; yes,
before or during; yes, before and during), previous miscar-
riages or stillbirths (yes, no), year of delivery (1999-2002,
2003-2006), and infant sex (boy, girl).

Maternal nausea was characterized as nausea during the
first part of pregnancy (reported in the first questionnaire),
nausea during the second part of pregnancy (reported in the
second questionnaire), nausea during the first and second
part of pregnancy (reported in both the first and second
questionnaire), nausea and vomiting during the first and
second part of pregnancy (reported in both the first and
second questionnaire), NVP in previous pregnancies, or
hospitalization during pregnancy due to prolonged nausea
and vomiting. Sick leave was included. These variables
were dichotomized yes/no.

Statistical analysis

Pearson’s chi-square test was used to identify associations
between maternal characteristics and the use of ginger, or
between variables listed in Table 2 and the use of ginger. A
p-value <0.05 was considered significant. Univariate and
multivariate logistic regression analysis were used to obtain
crude and adjusted odds ratios (ORs), respectively, to esti-
mate the risk of malformations and selected pregnancy out-
comes associated with ginger exposure during pregnancy.
ORs are presented with 95 % confidence intervals (CIs). All
statistically or clinically significant variables listed in Table 1
or Table 2 were considered possible confounding factors.
The backward deletion strategy described by Rothman et al.
[42] was used to select the different variables included in the
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Table 1 Characteristics of women according to ginger use, n=68,522"

Table 1 (continued)

Total No ginger Use of Total No ginger Use of
use during ginger use during ginger
pregnancy during pregnancy during

pregnancy pregnancy

No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)

68,522 (100.0) 67,502 (98.5) 1,020 (1.5) 68,522 (100.0) 67,502 (98.5) 1,020 (1.5)

Age (years) Infant sex
<24 8,034 (11.7) 7,927 (11.7) 107 (10.5) Boy 35,040 (51.1) 34,542 (51.2) 498 (48.8)
25-29 23,050 (33.6) 22,674 (33.6) 376 (36.9) Girl 33,431 (48.8) 32,909 (48.8) 522 (51.2)
30-34 26,157 (38.2) 25,784 (38.2) 373 (36.6) b i 8522 d |
*Numbers may not add up to 68,5 ue to missing values. Missing

235. 11,281.(165) 11,117 (16.5) 164 (16.1) values under 4 % are not presented in the table
Parity ) ) ) ® Primary: <10 years of education (the Norwegian compulsory primary+
0 previous live births 29,778 (43.5) 29,306 (43.4) 472 (46.3) secondary school), secondary: 10—12 years (high school / upper second-
>1 38,738 (56.5) 38,190 (56.6) 548 (53.7) ary or vocational school), tertiary — short: college education, tertiary-long:
Education ® * university education
Primary 6,123 (8.9) 6,060 (9.0) 63 (6.2) “Body mass index (BMI) .is the weight in ki!ograms divided l;y
S g 20519 (29.9) 20216 (29.9 30 the square of the height in metres: underweight: <18.5 kg/m~,

ccondary 0,519 (29.9) 0,216 (29.9) 303 (29.7) normal weight: 18.5-24.9 kg/m?; overweight: 25.0-29.9 kg/m?,
Tertiary — short 27,204 (39.7) 26,789 (39.7) 415 (40.7) obese >30 kg/m>

Tertiary — long
Marital status

13,112 (19.1) 12,899 (19.1) 213 (20.8)

Married/cohabitating 65,765 (96.0) 64,779 (96.0) 986 (96.7)
Other 2427(3.5) 2398(3.6) 29 (2.8)
Pre-pregnancy BMI ©

Underweight 2,055 (3.0) 2,021 (3.0) 34 (33)

Normal weight 43,058 (62.8) 42,422 (62.8) 636 (62.4)

Overweight 14,736 (21.5) 14,515 (21.5) 221 (21.7)
Obese 6,538 (9.5) 6,447 (9.6) 91 (8.9)
Physical activity

Never 10,293 (15.0) 10,116 (15.0) 177 (17.4)

Less than once a week 16,218 (23.7)
25,747 (37.6)
11,121 (7.5)

5,143 (7.5)

15,974 (23.7) 244 (23.9)
25,365 (37.6) 382 (37.5)
10,967 (16.2) 154 (15.1)
5,080 (7.5) 63 (6.2)

1-2 times weekly

3 times or more weekly
Missing

Maternal mother tongue

Norwegian 64,812 (94.6) 63,857 (94.6) 955 (93.6)
Other 3,710 (5.4) 3,645 (5.4) 65 (6.4)
Smoking at the *end

of pregnancy
No 53,198 (77.6) 52,361 (77.6) 837 (82.1)
Sometimes 472 (0.7) 468 (0.7) 4(04)
Daily 3,524 (5.1) 3,503 (5.2) 21 (2.1)
Missing 11,328 (16.5) 11,170 (16.5) 158 (15.5)

Any folic acid use ¢ *

No 32,098 (46.8)
21,735 31.7)
14,689 (21.4)
14,975 (21.9)

31,653 (46.9) 445 (43.6)
21,409 (31.7) 326 (32.0)
14,440 (21.4) 249 (24.4)
14,748 (21.8) 227 (22.3)

Yes, before or during
Yes, before and during

Previous miscarriage

or stillbirth
Year of delivery
1999-2002 13,640 (19.9) 13,472 (20.0) 168 (16.5)
2003-2006 54,882 (80.1) 54,030 (80.0) 852 (83.5)

@ Springer

9Folic acid use is reported from the 4 weeks prior to pregnancy to
week 8 of gestation

*P<0.05, Pearson’s chi-square test

potential confounder set. In addition, certain potential con-
founders were included in the set based on theoretically pos-
sible influences [42]. The following confounder set was used
when estimating the risk for malformations and preterm birth:
maternal age, parity, pre-pregnancy BMI, level of education,
maternal smoking at the end of pregnancy, any maternal folic
acid use, nausea and vomiting during first and second part of
pregnancy, previous miscarriages or stillbirths, year of deliv-
ery, and infant sex. The same confounder set was used to
estimate the risk for the remaining selected pregnancy out-
comes, with the addition of the length of gestation. Possible
high inter-correlations among the independent variables were
checked for using multiple regression analysis and making
sure the tolerance values for collinearity statistics were ade-
quate (<0.1). Post-hoc power analyses were conducted to
estimate the statistical power of our data for each of the out-
comes studied [43].

All statistical analyses were performed using Predictive
Analytics software PSAW version 18 for Windows (SPSS,
Chicago, IL, USA).

Results

Among the 68,522 women included in the study, 1,020
women (1.5 %) reported using ginger during pregnancy.
Of the women who reported ginger use in relation to timing,
we found that 466 women (45.7 %) used ginger during the
first trimester. NVP was the most frequently reported
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Table 2 Maternal illness among
women according to ginger use,
n=68,522%

Total No ginger use Use of ginger
during pregnancy  during pregnancy

No. (%) No. (%) No. (%)

68,522 (100.0) 67,502 (100.0) 1,020 (100.0)

Nausea and vomiting

Nausea during first part of pregnancy ° "
Nausea during second part of pregnancy © "
Nausea during first and second part of pregnancy be*

Nausea and vomiting during first and second

*Numbers may not add up to
68,522 due to missing values

part of pregnancy ° ¢ "
NVP in previous pregnancies "
*The first part of pregnancy as
covered by the first questionnaire nausea and vomiting

“The second part of pregnan- Bleeding complications

cy as covered by the second
questionnaire

Vaginal bleeding before week 17

*P<0.05, Pearson’s chi-square

test Sick leave”

NVP: Nausea and vomiting

; Use of medication against NVP"
during pregnancy

Hospitalization during pregnancy due to prolonged

Vaginal bleeding at week 17 and after *

Hospitalization during pregnancy due to bleeding

46,438 (67.8) 45,518 (67.4) 920 (90.2)
20,060 (29.3) 19,463 (28.8) 597 (58.5)
17,667 (25.8) 17,113 (25.4) 554 (54.3)
6,172 (9.0) 5,910 (8.8) 262 (25.7)
13,412 (19.6) 13,086 (19.4) 326 (32.0)
675 (1.0) 656 (1.0) 19 (1.9)
13,255 (19.3) 13,056 (19.3) 199 (19.5)
4,027 (5.9) 3,947 (5.8) 80 (7.8)
530 (0.8) 521 (0.8) 9 (0.9)
43300 (63.2) 42,581 (63.1) 719 (70.5)
3,414 (5.0) 3,257 (4.8) 157 (15.4)

indication for the use of ginger (655 of 1,020, 63.8 %). A
total of 50,912 (74.3 %) women reported having experi-
enced NVP. Of these women, 671 (1.3 %) used herbs to
relieve the symptoms and 4,280 (8.4 %) used medications.
Only 40 women (3.9 %) reported the use of ginger against
other indications [influenza/cold (n=18), pelvic distortion
due to pregnancy (n=5), reflux (n=9), other non-specified
illness (n=8)].

Women who reported using ginger during pregnancy were
more likely to have a higher level of education (tertiary — short
or tertiary — long), to be non-smokers, and to have used folic
acid before and during or only during pregnancy (Table 1).
These women were also more likely to have experienced any
NVP, to have been hospitalized during pregnancy due to
prolonged NVP, to have had NVP during a previous pregnan-
cy, to have been on sick leave during pregnancy, and to have
given birth during the period 2003-2006 compared to the
women who did not use ginger (Table 2). Of the wom-
en who used ginger, 15 % also used medications against
NVP, compared to only 5 % of the women who did not
use ginger (Table 2). The medication most often used
against NVP in addition to ginger was antihistamines
(9.8 %), most commonly meclizine.

Among women who used ginger during pregnancy, a
higher percentage experienced vaginal bleeding after week
17 compared to controls (7.8 % vs. 5.8 %, p=0.007). The
association remained significant when adjusting for maternal
age, parity, pre-pregnancy BMI, maternal smoking, maternal
folic acid use, NVP during both the first and second part of
pregnancy, previous miscarriages or stillbirths, and physical
activity (adjusted OR 1.4, 95 % CI 1.0-1.7, p=0.02). How-
ever, when the analyses were restricted to vaginal bleeding

more than spotting, neither crude nor adjusted ORs revealed a
significant association (crude OR 1.1, 95 % CI 0.8-1.7;
adjusted OR 1.2, 95 % CI 0.8-1.9). Sub-analyses according
to the timing of hospitalization did not reveal any association
between the use of ginger, bleeding, and hospitalization
timing.

Use of ginger during the first trimester of pregnancy or at
any time during pregnancy did not increase the risk of mal-
formations in general, major malformations, or cardiac mal-
formations (Table 3). Neither the crude ORs nor the adjusted
ORs revealed significant associations between exposure to
ginger and malformations. In addition, no significant associ-
ations between the use of ginger during pregnancy and risk of
stillbirth/perinatal death, low birth weight, preterm birth, or
low Apgar score were found in univariate analyses (Table 4).
These results did not change after adjusting for potentially
confounding factors, including NVP.

Discussion

Exposure to ginger during pregnancy was not associated
with an increased risk of congenital malformations, still-
birth/perinatal death, low birth weight, preterm birth, or
low Apgar score. To the best of our knowledge, this is the
largest population-based cohort study to date investigating
pregnancy outcomes after the use of ginger. In addition, we
were able to investigate several pregnancy outcomes giving
a broader safety profile than studies with a single investi-
gated outcome. These findings are in accordance with prior
studies and long-term traditional use in which no negative
effects on pregnancy outcome have been reported [10, 32].
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Table 3 Association between malformations and exposure to ginger during the first trimester, n=68,522

No exposure to ginger

Exposed to ginger during the

Exposed to ginger at any time

(n=67,502) first trimester (n=466) during pregnancy (n=1,020)
Outcome Total (%)  No.(%) Crude OR  Adjusted OR  No. (%) Crude OR Adjusted OR  No. (%) Crude OR Adjusted OR
(95 % CI) (95 % CI) (95 % CI) (95 % CI) (95 % CI) (95 % CI)
Malformations, all 3,201 (4.7) 3,160 (4.7) Ref. Ref. 19 (41) 09(0.5-14) 08(0.5-1.4) 41(4.0) 0.9 (0.6-1.2) 0.8 (0.5-1.1)
Major malformations 1,777 (2.6) 1,754 (2.6) Ref. Ref. 8(1.7) 0.7(0.3-1.3) 0.4(0.2-1.2) 23(2.3) 0.9(0.6-1.3) 0.7 (0.4-1.2)
Cardiac malformations 605 (0.9) 597 (0.9) Ref. Ref. 409 1.0(0.4-2.6) 03(0.0-2.5 8(.8) 0.9(04-1.8) 0.6(0.2-1.6)

Abbreviation: CI, confidence interval; OR, odds ratio

Malformations were defined according to the definitions of the MBRN and International Clearinghouse for Birth Defects

Adjusted for maternal age, parity, pre-pregnancy BMI, level of education, maternal smoking, folic acid use, NVP, previous miscarriages or

stillbirths, year of delivery, and infant sex

Because of the widespread use of ginger during pregnancy,
these findings are clinically important. Health care person-
nel have to base their advice on evidence-based knowledge,
and although RCTs provide evidence of effect against NVP,
health care personnel cannot recommend such use before
evidence of safety during pregnancy is documented.

Interestingly, however not statistically significant, seven
of eight outcomes depicted in Table 4 had ORs below 1
indicating a possible positive effect of ginger. This may be
due to a protective effect of NVP as suggested by previous
studies [10].Though we adjusted for maternal NVP we may
not fully have overcome confounding by indication.

The small increased risk of vaginal bleeding among the
women who used ginger during pregnancy may be due to
chance, the underlying ailment or due to use of ginger. As
ginger may inhibit thromboxane synthetase, an increased
risk of bleeding is theoretically plausible. Studies on this
property in humans, however, report conflicting results
[27-30]. It is reassuring that when the analyses were

Table 4 Pregnancy outcome according to ginger exposure, n=68,522

restricted to more severe vaginal bleeding, no association
was found. Nevertheless, risk of bleeding during pregnancy
is something that should be investigated in depth with
respect to dosage.

Significantly more of the ginger-using women also used
conventional medications for NVP compared to the non-
users, indicating that the use of ginger is, not instead of, but
complementary to the use of conventional medication. This
finding is in agreement with the findings of Nordeng et al.
[9] and may be explained by the severity of symptoms
and/or willingness to medicate in general.

The high prevalence of NVP in the present study is in
accordance with earlier published findings [10]. More sur-
prisingly is the low prevalence of treatment of NVP; only
1.3 % and 8.4 % of the woman with NVP reported treating it
with herbs or medications, respectively. The association of
ginger with both sick leave and hospitalization may indicate
that only the women with the most persistent NVP try
treatment.

No exposure to ginger (n=67,502)

Exposed to ginger during pregnancy (n=1,020)

Outcome Total (%) No. (%) Crude OR  Adjusted OR  No. (%) Crude OR (95 % CI) Adjusted OR (95 % CI)
Stillbirth / perinatal death® 428 (0.6) 422 (0.6) Ref. Ref. 6(0.6) 0.9 (0.4-2.1) 1.0 (0.3-3.0) ©
Low birth weight ° 2,182 (3.2) 2,160 (3.2) Ref. Ref. 22 (2.2) 0.7 (0.4-1.0) 0.8 (0.5-1.4) ¢
Preterm birth® 3,535(5.2) 3,497 (5.2) Ref. Ref. 38 (3.7) 0.7 (0.5-1.0) 0.7 (0.5-1.0)
Low Apgar score® 898 (1.3) 887 (1.3) Ref. Ref. 11 (1.1) 0.8 (0.4-1.5) 0.8 (0.4-1.7)°

Abbreviations: CI, confidence interval; OR, odds ratio

#Includes infants who were stillborn or died during the first 28 days of life (including termination of pregnancy)
®Includes infants with a birth weight of <2500 g, which WHO defines as low birth weight

®Includes infants born at a gestational age of <37 weeks, which WHO defines as preterm

9Includes infants who had an Apgar score of<7 at 5 min after birth

¢ Adjusted for maternal age, parity, pre-pregnancy BMI, folic acid use, smoking, NVP, education, previous miscarriages/still births, length of

gestation, year of delivery, and infant sex

f Adjusted for maternal age, parity, pre-pregnancy BMI, folic acid use, smoking, NVP, education, previous miscarriages/still births, year of delivery,

and infant sex
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Of note, the women who used ginger were more educated
and smoked to a lesser degree than women who did not use
ginger. This observation is in agreement with studies char-
acterizing the users of herbal medicines and complementary
and alternative medicine (CAM) during pregnancy in gen-
eral [6, 7, 44, 45]. Furthermore, the association between
ginger and folic acid use is in agreement with earlier pub-
lished results in which the use of herbs during pregnancy
was associated with the use of multivitamins [44]. More
women who gave birth in the period from 2003 to 2006
used ginger compared to women who delivered during the
period 1999-2002. This finding reflects the frequent use of
CAM in the general population during recent years in many
Western countries [46—48].

This study has several methodological strengths. The
prospective design of the MoBa study enables avoiding a
risk of recall bias. Because of the detailed nature of the
questionnaires, important information on a number of
potentially confounding factors was available, and the Med-
ical Birth Registry gave access to several important outcome
variables. Validation studies of the accuracy of the MBRN
have been conducted, reporting satisfactory ascertainment
[49, 50]. Yet, the possibility of under-reporting minor mal-
formations, especially among early stillbirths, cannot be
ruled out.

The current study also has some limitations that need to
be addressed. Firstly, because of a low response rate in
MoBa, selection bias may have occurred. However, Nilsen
et al. reported that, even though several prevalence estimates
were shown to be biased in MoBa, estimates of exposure-
outcome associations were reliable [51]. Secondly, the
MoBa study is based on self-reported use, and as such the
reporting might not be complete. However, because of the
longitudinal study design, exposure reporting is not affected
by the outcome of the pregnancy; the women reported using
ginger in the first two questionnaires before the outcome of
the pregnancy was known. Thirdly, information on dosage
and administration was not available and the timing of
exposure could only be recorded when ginger was used for
the specific given indications. Finally, even though this is
the largest study identified to date studying the safety of
ginger use during pregnancy, the number of cases with
malformations was low. Power analyses revealed that the
statistical power of our data was sufficient to rule out two-
fold or greater increases in the risk of outcomes that
occurred more frequently than 2 % in the study population.
For more rare outcomes, such as cardiac malformations, low
Apgar score, and stillbirth/perinatal death, the statistical
power was 60 %, 72 %, and 50 %, respectively.

In conclusion, no associations were found between the
use of ginger and malformations. This finding is reassuring
and supports previous findings. In addition, the results do
not suggest that the use of ginger during pregnancy

increases the risk for any of the following pregnancy out-
comes: stillbirth/perinatal death, low birth weight, preterm
birth, and low Apgar score. However, an association was
found between ginger use and vaginal bleeding including
spotting after pregnancy week 17. Even though this associ-
ation was no longer significant when the analyses were
restricted to more severe bleeding incidents, this finding
should be explored in later studies, taking into account the
dosage and administration form of ginger, before any firm
conclusions can be drawn. This information will be helpful
to pregnant women and health care professionals involved
in pregnancy care when considering treatment for NVP.
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