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Abstract
Background: Oral hormone pregnancy tests (HPTs), such as Primodos,

containing ethinylestradiol and high doses of norethisterone, were given to over

a million women from 1958 to 1978, when Primodos was withdrawn from the
market because of concerns about possible teratogenicity. We aimed to study
the association between maternal exposure to oral HPTs and congenital
malformations.

Methods: We have performed a systematic review and meta-analysis of
case-control and cohort studies that included data from pregnant women and
were exposed to oral HPTs within the estimated first three months of
pregnancy, if compared with a relevant control group. We used random-effects
meta-analysis and assessed the quality of each study using the
Newcastle-Ottawa Scale for non-randomized studies.

Results: We found 16 case control studies and 10 prospective cohort studies,
together including 71 330 women, of whom 4,209 were exposed to HPTSs.
Exposure to oral HPTs was associated with a 40% increased risk of all
congenital malformations: pooled odds ratio (OR) = 1.40 (95% CIl 1.18 to 1.66;
P<0.0001; 12 = 0%). Exposure to HPTs was associated with an increased risk
of congenital heart malformations: pooled OR = 1.89 (95% Cl 1.32102.72; P =
0.0006; 12=0%); nervous system malformations OR =2.98 (95% Cl 1.32 to
6.76; P=0.0109 12 = 78%); gastrointestinal malformations, OR = 4.50 (95% CI
0.631032.20; P=0.13; 12= 54%); musculoskeletal malformations, OR = 2.24
(95% Cl 1.23 to 4.08; P= 0.009; |2 = 0%); the VACTERL syndrome (Vertebral
defects, Anal atresia, Cardiovascular anomalies, Tracheoesophageal fistula,
Esophageal atresia, Renal anomalies, and Limb defects), OR = 7.47 (95% CI
2.9210 19.07; P < 0.0001; |2 = 0%).

Conclusions: This systematic review and meta-analysis shows that use of oral

HPTs in pregnancy is associated with increased risks of congenital
malformations.
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;575523 Amendments from Version 1

We thank the reviewers for their positive comments about our
manuscript and we have responded to the points made and
revised version 1 of the paper in light of their comments. The
major changes affect the introduction which has been revised in
line with the peer review comments, We have also made changes
to the references due to citation errors; uploaded revised excel
data sheets as there was an error in the data in the first version,
and made one correction in the text of the results to the ‘Exposure
to oral HPTs was associated with a 40% increased risk of all
congenital malformations: pooled odds ratio (OR) = 1.40 (95%

Cl 1.18 to 1.66; P < 0.0001; |2 = 0%)., which incorrectly stated
the increased risk as 37%. We have also revised the forest plots
(Figure 2-Figure 8) as the effect estimates were incorrectly
labelled.

See referee reports

Introduction

Oral hormone pregnancy tests (HPTs), such as Primodos (known
as Duogynon in Germany), were available as injections from
1950 and in tablet form in the UK from 1956 onwards, before the
modern forms of urine pregnancy tests became available'. Oral
HPTs contained ethinylestradiol and large doses of norethister-
one (synthetic forms of estrogen and progesterone respectively),
the latter in much larger amounts than those included in current
combined oral contraceptives (see Table 1). The test principle
was that they would induce bleeding similar to menstruation in
those who were not pregnant.

In the UK more than a million women took HPTs’>. However,
evidence that they should not be used in pregnant women because
of a risk of fetal malformations’ led the then Committee on Safety
of Medicines in 1975 to conclude that a warning should be added
to the Data Sheets, stating that HPTs should not be taken dur-
ing pregnancy. (Supplementary File 1) Warnings about HPTs in
pregnancy first emerged in 1956:* accumulating concerns over
an increased risk of malformations led to their withdrawal in a
number of countries at different times. Norway cancelled the
indication in pregnancy for HPTs in 1970; when the UK did so in
1978, the manufacturers of Primodos, Schering AG (taken over by
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Bayer AG in 2008), voluntarily stopped marketing the product; in
Germany, Duogynon was taken off the market in 1981'.

Since Primodos was withdrawn, the discovery of previously
confidential documents has led to renewed concerns about its
potential to cause harm’. In 2014, therefore, the Medicines
and Healthcare products Regulatory Agency (MHRA) initi-
ated a review, which was published in 2017 and reported that the
evidence was insufficient, mixed, and too heterogeneous to support
an association between oral HPTs and congenital malformations”.

To date, there has been no systematic review and meta-analysis of
oral HPTs, using all the available data, to assess the likelihood of
an association. We have therefore performed a systematic review to
obtain all relevant data on hormone pregnancy tests and congenital
malformations, used meta-analytical tools to obtain summary esti-
mates of the likelihood of an association, and assessed the potential
biases in these estimates.

Methods

Data sources

Full details of our search strategy are provided in Supplementary
File 2. We searched Medline, Embase, and Web of Science
(which yielded German papers and conference abstracts) and
searched for regulatory documents online, including the UK
Government’s “Report of the Commission on Human Medicines’
Expert Working Group on Hormone Pregnancy Tests”, which
includes the original Landesarchiv Berlin Files’, and reference
lists of retrieved studies from the start of the databases in 1946 to
20 February 2018.

We used the following search terms without date limits or
language restrictions: (Primodos OR Duogynon OR ‘“hormone
pregnancy test” OR “sex hormones” OR ‘“hormone administra-
tion” OR “norethisterone” OR “ethinylestradiol””) AND pregnancy
AND (congenital OR malformations OR anomalies). Several
comparable high-dose HPTs were available at the same time as
Primodos; we performed additional searches for evidence relating
to these (See Supplementary File 3 for List of HPTs included in
evidence search).

Table 1. Doses of ethinylestradiol and norethisterone in various formulations of contraceptive
steroids, ordered by increasing dose of norethisterone.

Indication (oral formulation)

Progestogen-only contraception”

Combined oral contraceptive (Loestrin-20)
Combined oral contraceptive (Norimin)

Biphasic combined oral contraceptive (BiNovum)
Triphasic combined oral contraceptive (Synphase)
Combined oral contraceptive (Loestrin-30)

Oral hormone pregnancy test (Primodos)

In endometriosis, dysmenorrhoea, dysfunctional
uterine bleeding, and menorrhagia, or to delay
menstruation”

Breast cancer”
“Unbranded

Ethinylestradiol dose Norethisterone acetate dose

20 micrograms
35 micrograms
35 micrograms
35 micrograms
30 micrograms
20 micrograms

350 micrograms

1000 micrograms

1000 micrograms
500/1000 micrograms
500/1000/500 micrograms
1500 micrograms

10 milligrams

10-15 milligrams/day

40 milligrams/day
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Study selection

We included observational studies of women who were or
became pregnant during the study and were exposed to oral
HPTs within the estimated first three months of pregnancy and
compared them with a relevant control group. When a study was
described in more than one publication, we chose the publica-
tion that contained the most comprehensive data as the primary
publication. We excluded studies where the intervention was oral
hormones taken for other reasons (e.g., oral contraception) and
it was not possible to extract data on hormone pregnancy tests.
We did not restrict the language of publication. We checked
additional relevant data and extracted them from the secondary
publications when necessary.

Data extraction and risk of bias assessment

Two reviewers (CH and ES) applied inclusion and quality assess-
ment criteria, compared results, and resolved discrepancies
through discussion with the other authors. We used a review
template to extract data on study type, numbers of pregnancies
exposed and not exposed to oral HPTs, and types and numbers of
outcomes. Where available, we extracted data about the women
studied, including ascertainment of cases, age, parity, setting,
exposure to other medications, and confounding variables.
In case-control studies, if data were reported on more than
one control group, we extracted data where possible for non-
disease/non-abnormality controls, and combined control groups
if necessary.

The primary outcome of interest was all major congenital mal-
formations. We also categorized outcomes for the congenital
anomaly in the offspring at any time into congenital cardiac,
gastrointestinal, musculoskeletal, nervous system, and urogenital
defects, and the VACTERL syndrome (Vertebral defects, Anal
atresia, Cardiovascular anomalies, Tracheoesophageal fistula,
Esophageal atresia, Renal anomalies, and Limb defects).

We assessed quality using the Newcastle-Ottawa Scale (NOS)
for non-randomized studies included in systematic reviews’.
The scale assesses the selection of study groups (cases and
controls), comparability of study groups, including cases and
controls, and ascertainment of the outcome/exposure. Each posi-
tive criterion scores 1 point, except comparability, which scores
up to 2 points. The maximum NOS score is 9, and we inter-
preted a score of 1 to 3 points as indicating a high risk of bias’.
To determine whether the study had controlled for the most
important factors, we selected the items reported in the origi-
nal paper and resolved disagreements through consensus, using
a third author (I0). We examined whether there was a linear
relation between methodological quality and study results, by
plotting the odds ratios against the NOS scores, using Excel,
and assessed the correlations of NOS scores with several
confounding variables we collected®.

Data synthesis and statistical methods

We calculated study-specific odds ratios for outcomes and
associated confidence intervals. We meta-analysed the data using
a random-effects model. We assessed heterogeneity across stud-
ies using the I* statistic and publication bias using funnel plots’.
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We performed a sensitivity analysis by removing single studies
to judge the stability of the effect and to explore the effect on
heterogeneity'’, and we described any sources of variation. We
also judged robustness by removing studies of low quality from
the analysis. To examine whether the observed heterogeneity could
be explained by differences in the NOS score, we also performed
meta-regression using the NOS score as the covariate against
the log OR as weights for traditional meta-regression using
Stata version 14.

We planned subgroup analyses for the timing of administration
of HPTs in relation to pregnancy and organogenesis and study
design (case-control versus cohort) using Cochran’s Q test. We
used RevMan v.5.3 for all analyses, except for meta-regression,
for which we used Stata version 14. RevMan and Stata
estimate the effects of trials with zero events in one arm by add-
ing a correction factor of 0.5 to each arm (trials with zero events
in both arms are omitted). We performed a sensitivity analysis by
removing studies with zero events from the analyses.

We followed the reporting guidelines of the Meta-Analysis of
Observational Studies in Epidemiology (MOOSE). A completed
checklist is available as Supplementary File 4!

Patient involvement

Members of the Association for Children Damaged by HPTs
were involved in the original discussions of this review and
provided input to the outcome choices, the search, the loca-
tion of study articles, and translations. We plan to present the
study findings to relevant patient groups and make available
lay interpretations.

Results

Description of included studies

We retrieved 409 items for screening. After title and abstract
screening and removal of duplicates (n = 18), we excluded
354 records as not being relevant to the aim of the review. We
assessed the full texts of 37 articles and identified 24 articles
for inclusion. Figure 1 shows the PRISMA flow diagram for the
inclusion of studies.

The 24 included articles reported on 26 studies (16 case-control
studies and ten prospective cohort studies); one article [Nora
78] included two case-control studies and one prospective study.
We found no randomized controlled trials. Of these articles,
two were unpublished reports (see Supplementary File 5
for full references). The studies included 71,330 women. The
case-control studies included 28,761 mothers, 594 of whom
were exposed to HPTs; the cohort studies included 42,569
mothers and 3,615 exposures to HPTs. The studies were pub-
lished between 1972 and 2014, and all were performed either
in Europe or the USA. They mostly recruited women and their
infants at maternity centres or hospital paediatrics wards.

The choices of controls in the case-control studies varied; they
included, at one extreme, healthy infants born on a date close to
the case infants and, at the other extreme, infants with malforma-
tions other than those under investigation. Among the prospec-
tive cohort studies, the populations tended to be women recruited

Page 4 of 25


https://community.cochrane.org/help/tools-and-software/revman-5
https://www.stata.com/

F1000Research 2019, 7:1725 Last updated: 29 JAN 2019

Figure 1. Study flow diagram showing inclusion of relevant studies.

at antenatal clinics or birth centres (See Table 2. Characteristics
of included studies).

Quality assessment of included studies

Of the 26 included studies, three were assigned a NOS score of
3 or below and were therefore judged as being at high risk of
bias. One was a case-control study (Laurence 1971, a published
abstract as a letter) and two were cohort studies (Fleming 1978
and Haller 1974, both unpublished). The NOS scores ranged
from 2 to 9 (median 5). Twelve of the 26 included studies scored
7 to 9 and were judged to be at low risk of bias (see Table 3
of NOS scores in the data files). Item 5 of the NOS score
addresses comparability of cases and controls based on design
or analysis. Of the 16 case control studies, 12 controlled for the
most important factor (item 5a) and nine controlled for impor-
tant additional factors (item 5b). Of the ten cohort studies, six
controlled for the most important factor (item 5a) and four
controlled for important additional factors (item 5b). The mean
Newcastle-Ottawa scale score was 6.1, indicating an overall

)
: . e
-,9_. Records identified through
® database searching and other
= sources (409)
[ =
)
z
- A
Records after duplicates removed
(n=391)
[
E Records excluded
g il (n =354)
= 11 excluded due to being reviews
0 Records screened 14 case series or letters with no control
n =391 7| eroup
( ) 33 no relevant data on HPTs
— 296 exclude on title - not hpt studies
Y
Full-text articles assessed Full-text articles excluded, with
Z for eligibility > reasons
S (n=37) (n = 13) HPT not the intervention
= or, data not extractable OR no
w control group identified
|
S
- Studies included in
) s .
= qualitative synthesis
S (n = 24 articles, 26 studies)
c
—

moderate risk of bias. Table 2 also shows that seven studies
did not report the confounding variables collected (Laurence
1971; Levy 1973; Tummler 2014; Fleming 1978; Haller 1974;
Moire 1978; Rousel 1968). NOS scores correlated with the
increasing number of confounding variables collected (r = 0.83).
Supplementary File 6 shows the funnel plots for all congeni-
tal malformations and congenital heart disease; because of
inadequate numbers of included studies, we did not use more
advanced statistical methods to assess publication bias.

Association of exposure to HPT with the risks of
malformations

Nine studies, including 61,642 mothers of infants and 3,274
exposed to HPTs, examined the association in pregnancy with all
congenital malformations. Two were case-control studies (Green-
berg 1977; Sainz 1987) and seven were cohort studies (Fleming
1987; Goujard 1979; Haller 1974; Kullander 1976; Michaelis
1983; Rumeau-Rouquette 1978; Torfs 1981) (Figure 2). Expo-
sure to oral HPTs was associated with a 40% increased risk of all

Page 5 of 25



F1000Research 2019, 7:1725 Last updated: 29 JAN 2019

‘uolonpal quli| ‘elulay
onewbelydelp ‘sjoajep
|lem |eulwopge Jolsue

‘elsalle [eue [e1oal

‘elsalie [amoq |[ews ‘saljl[ewloude
‘elsale [eabeydosso EpIIg BuidS-Uou YliMm 8S0y} 81am (uonos|j00
‘awolpuAs umoq ‘erejed S|0J1u00 ‘epliiq eulds o) ‘B8 elep paje|dwod Jou %|.z)
4o[0 ‘di| Yoio ‘epiiq eulds ‘uoneBiseAul Jopun auo 8y} ueyl SS0] [e180} ‘6,6 8unr oz 01 061 AN
‘Areydaousue Buipn|oul JBYI0 SUoleWwIO)BW Ylim Siuelul snolnald ‘Alued ‘sniels OILoU009-0100S | ulog salewlouge yim
‘suonewolew Jofep jo pasodwod sem dnoib jouo)  ‘Aioisiy Ajwey ‘uoneonpa [eulsjew ‘eoey Je)sibai uoneindod  SjuBjUl JO SUBYIOW LGO° ) 9861 JewweT]
S|0JJU0D
90El ‘YMIg JO 81ep ‘@douspisal payolew 0L ‘aHD
10 Alunoo ‘ebe sJayiow Ag payolew SUOI08UI ‘SUOIBDIPOW ‘B0Bl Buluonuaw a1eoly1led
aseas|p 1eay [elusbuo) pJ028J YHIg Jusde(pe wol4  ‘yuig Jo arep ‘@ouspisal Jo Aiqunod ‘eby VSN ‘91e1S YIOA MaN yuIg yium sased y01| //6} yousuepr
‘SIayjow 8y} Jo souspisal
Jo AJunod Uo ||lem paydlew asay}
S|0JJUOD pUB SOSBD U0} SPI0dal
jusoelpe 0] anp ‘}nejep Ag pue S|0J1UOD pajoayeun
‘'sieak g -/+ ebe pue 9oel SJsylow 80| pue s1o8jep quul|
S108)0p quii| [eIusbu0) ‘@]ep Yuig Uo payolew s|oJiuo) aoel ‘Allued ‘eby VSN ‘91e1S YIoA MaN  [eluabuod Jo sased g0 | /6] youauer
Jeysawil 18114 8y}
Buunp paguosaid sbnip pue Aloisiy 'Saseo
sallewlouge Ajlwey pue ‘[euosltad ‘|ereusiuy oy} Jo saonoeld [eieush
JOuIW-UOoU Jaylo pue  'sased payodlew se aonoeld |elaush PRI WOl paljiluapl S|oJjuod
suoleuIoew qui ‘sys[o SWEes oy} 1e paseq pue Jo syluow 1841} oYy Bunnp paquosald sbnip pue N payolew pue SOd0
[0 ‘s108jep agni [einaN € UIyIIM uJog salgeq :S|0Jjuo) Aioisiy Ajlwey pue ‘[euosiad ‘[eleusiuy ul seonoeld [eiauan) BIA paljiuapl sese) /6| Biaquesin
‘Ageq Jo xas ‘Aoueubaid jo wioly
8sIn09 ‘Aioisly aAnonpoldal ‘(spueq pa1iNIoal 8JaM S|0JJU0D S|0JiU0D
JeaA-G) Jayjow jo abe ‘yuig sAqeq Buipas|q ‘AoewniBa||l ‘sessau||l 8loym Jeajoun (Saseo Jo} pue ‘epljiq eulds yum
epljiq euidg JO Y9aM J0} Paydlew S|0Jiuo) ‘Aioisly annonpoldal ‘Aiued ‘eby ‘YN ‘uopuoT] ul [eudsoH SJUBJUI JO SJBYIoW Q0| 2.6l [eD
'SOAIJE|D] 9S0|0
Ul Jo ualp|iyo snolaaid Ul sanijewouge
‘WOPUEBJ 1B UBSOYD SEM |041U0D PJIY) [enuabuood Jo Aioisiy Buipnjoul Aioisiy
ayl yBlomyyiig pue xas siuejul ay) Allwey ‘saplonoasul pue siured ‘sawiny
Uo OS[e U0 pue ‘(ao1A1es alealld 0} Jayjow Jo ainsodxs ‘1ayle} pue
‘uonelisibal [ejeusald jo awi ‘epowl Jaylow jo A1oisly [euoiednooo ‘eyeul
Klanijep ‘ebe [euonelsab ‘sesso| |oyoore Bupows ‘sauowloy Buipnjoul
[e1e0} ‘Alied ‘ebe [eulalew ‘eoel) Aoueubaid Bulinp suoieolpaw pue
Bupfel-suow.oy Jo pooyl|ayi| 8y} sassau||l ‘swoldwAs ‘siuswieal) Aljiie)
(ueay 0] pajejal sonsualoeseyo yble  ‘Ajsnoinaid pasn uondaoenuod Buipnioul VSN ‘'G/-¢/6] ulog ‘Leay
2y JO suolewojew uo paydlew om :uoneindod yuiq si010e) Aoueubaid xepul ‘Aioisly  ‘weibold [ereuosy a.ed oy} JO saljljewiouge
[eounJjouo)) aseasip B} WO} UBSOYD 8Jom S|0)ju0d  aAnonpoldal 1sed ((siuswiiesal) ‘sassau||l  SAISUBIU| 811G PUB|jAIBI\ [2OUNJI0U0D YliM
eay |eyusbuo) pajosjeun a1y} ‘oseo yoes 104 ‘suolesifendsoy) yieay [eulalely 8yl Ag paales sjeldsoH SjuBjUI O} | JO SIOUION 086 zouaio-
S3IpN]S [0J]U0J-958)
salpnis
]04}U02-9sE9 Uj BLI3}IID Bulydjew
panodal ssawodnQ Bulpnjoul s|0JjU09 UO uoEW.IOU| Pa199]|09 sa|qelieA Buipunojuo) Bunies uonejndod Apnig ai Apnis

*saIpn}s papnjoul Jo salsuslorIRY) “Z B|qE]

Page 6 of 25



F1000Research 2019, 7:1725 Last updated: 29 JAN 2019

‘Yuig
JO 81Bp ‘X8S Uo payolew ‘[endsoy
aWes 1e SyuIq pa1oaljeun S|0luo)

"Jolsibal

yiig 8yl woly Ajwopuel pa1os|es
SyYMIg 0] S10BJUOD WU} sjuepuodsal
Gz | ‘pouad Apnis ayi Jo sieak

€ aWes UIylim sylig :S|oluoD)

2oUBpISal
10 BOJR ‘90E) ‘abe [BulsleW IO}
payolew ‘81ep UIg JUSIEIPE 1SOp

Areydeousue
pue epyiq euidg

aseosIp Leay [elusbuo)

selpedsodAH

2oUopIsal
Jo BAJR ‘YUI] JO 81ep alewixoidde
‘@oel ‘X8s 10} sem Buiyole
Aued ‘saouspisal jo seale

‘S|oAB| OILIOUOD90100S ‘Borl ‘ebe
[euoneisab ‘xes ‘yuiq jo ayep ‘ebe

(suorse| peay |ejuabuod)
aseas|p 1eay [elusbuo)

JH3LOVA  Jo) ojqissod se Aj9sojo se payole|n
sINuwINW Jeay [euoiouny

pey G| ‘seljewIoude [elosowolyd

TYILOVA  PeY sjonuoo G| “abe 1o} payore
(sjosson "ypiq Jo erep

1ealb sy} Jo uoisodsuely)
S109Jep Heay [elusbuo)

10} PayolBW ‘SIBPIOSIP UBI[OPUSIA
Ylim Sluejul 81om S|0J1u0D)

‘Allenpiaipul

payolew jou a1em ise| asay) ‘polad
Apnis ay1 BuLnNp yuig paioayeun
1uanbasgns e pey pue Ajeydeousue
10 epiig euids yum Ageq suo

pey pey oym asoy} 8am sisylow
|0JIUOD BY} SB|BAA Ul {uondaouod

JO yluow pue Ajled ‘yuiqg jo eale
10} payoeW a1aMm SIaylow |04U0D
919X Ul ‘|eydsoy swes ayj ul

uloqg Alljewlouge ou yum Ageq 1xau
3y} 8Jom S|03U0D 8y} UOPUOT U]

Areydeaousue
pue epyiq euids

saipn}s
|o13uU09-ased Ul eLdNId Buiyojew
pauodal sawooing  Buipn|oul S|0J3U0D UO UOIIBLIOU|

yuiq Jo soe|d pue erep ‘xeg

000B(O] ‘|0yoo[e ‘asn
UINsul ‘|oA8| uoieonpe sJeyioul ‘Allied

aouspIsal
JO BaJE ‘90Rl ‘obe [eulslew ‘Allled

90UdPISal JO BOIE
‘Uuiq Jo arep erewixoidde ‘@Bl ‘Xog

Ared ‘saouapisal
JO SBaJe ‘S[9A8| OILIOUOIS0I0S ‘9.l
‘ebe [euonelseb ‘xas ‘yuiq Jo a1ep ‘eby

aouapisal
JO BOJB ‘SN]E]S OILIOU0D80I00S ‘Borl ‘aby

palodal-uoN

palodal-uoN

pa}23]|09 sa|qeleA Buipunojuo)

s|endsoy

Bunedionied gy uiyim
seljllewloude [ejuabuoo
jo Jeysibal ysiueds

aseesIp 1leay [enusbuod
10} 80IAIBS 8J8D 91elS

VSN ‘8181S YI0A MaN

[endsoH

[endsoH

VSN

‘slendsoy psieljife pue
‘JoAus( Uelua) [BOIPSIN
opeloj0) Jo AlsIaAlun

epeue)
‘[eanUol ‘|eIdSOH

Mnayrul
$811U80 YuIg [eldsoy g

Bumes

7861 1deg

01 9/6} |Hdy usemieq
sallljlewlouqge [elusbuod
Bunelsibal siendsoy gy Jo
uolleJOge||09 [euolieu ayl
BIA PaliIUSP! S8SED g

S|0JJU0D

9¥CH/SE SA Sesed

88€/¥} ‘S1dH 'S101uocd
¥Gc') ‘sesed 06E
S|0J}U0D PaYydIeWw

66 pue seipedsodAy yim
SyUIg 8lew uoie|buls 66

SI9PIOSIP [BWOSOWOIYD
pue auab jueinw a|buls
UMOUY YlIM S|OJJUOD g L1

‘suoIsa| OeIpJeD JO A1alieA

[In} uim sjueled 9z

§04U02 09 “THILOVA
Unm sjusied g
(sanunuwl

Jeay [euoioun) Yum G
‘Seljewoue [ewOoSoWwoIyo
YHM G| ) S|03U0O OF
‘sel[ewoue |eluabuod
aidiynw yum sjusied G|

$|0J1U0D 9/ ‘S8SEO 9/

YN ‘0L61-896}

SaIpN}JS [01]U0J-9SE)

uonejndod Apnig

/86| zules

6.6} uewyoy

€861 eups|od

€ pue g |0u0d

9S8O §/6| BION

| [01JU0D
9SB0 §/6| BION

G/6| EION

€161 Ane

| /6] ©ousine

ai fpmis

Page 7 of 25



F1000Research 2019, 7:1725 Last updated: 29 JAN 2019

suonewlojew
Jouiw pue Jole|n

suoiewlojew [elusbuo)

aseas|p 1eay [elusbuo)
‘Areydaousoloiw
‘sal[ewoue [e1o|oMs
‘s109)0p Meay [eluabuod
os|e ‘suoljew.ojew
[enusbuo)

uolewlojew Auy

Aydosnsxe
Jeppe|q [enusbuo)

pauodal sawoang

Buiyorew Uo uolieuiolul oN

saIpnis
|013uU09-ased Ul BLIBNID Buiyojew
Bulpnjoul S]0J3U0D UO UOleWIOoU|

‘yBrem [eluaoe|d ‘wyblem yuig ‘ssejo
[e100s pue ‘snieis |elsew ‘Allled ‘efe
S,UBLWIOM 8] ‘9SBaSIp Joulw pue Jofe|y

pauodal-uoN

sBnup olusborelal
‘ellognu ‘sijiydAs ‘sinieday ‘sisowse|doxol
‘uonloajul ‘sniinoebawolfD

‘'spunoibyoeq yiesy

|lelouab pue saloueubald snoinald ‘usyel
suoneolpaw pue swoldwAs Buipnjoul
saloueubald 1UBLIND UO UOCEBWIOIU|

pauodal-uop

pealodal-uoN

pa}23]|09 sa|qeleA Buipunojuo)

uspamg

211U80 YuIg [eIdsoH

211u80 yuIq [eldsoH

90UBI- ‘9||I] pPUE Slied
‘saliuad ABojooarUAD
pue so118ISq0

MN ‘seonoeid [eisusn)

‘Auewian)
‘Ileyuy-AUOXeS aliuad
BulioluUoN UoneWIO} BN
sy} woly ereqg

Bumes

'SOPOWIL %00} USWOM
9G| ‘Alrewlouge yum
€G62'G/1G. ‘Ayrewlouqe
OU £G/°G/200°G ‘SyuIq
&Nl €G/'G ul Buynssl
‘G-€961 ‘OwleN
‘sejoueubald 9/£'9
180} Aoueubaud
[BUOWLIOY UM (% 2 /1)
L19 ‘usbumoy [eldson
ANsioniun ‘2261 Hdy
01 696 100 palNIoal
‘uswom jueubaid ggge

‘yuig o1 Joud uolssiwpe
1e payiodal uoieodlpaul
pue seseasiq "s1sol

qge| g isibojoipled Aq
pawWJIJU0D palpnis

9.6 JSpUE(INH

/61 J9|[eH

asessip 1eoy [elusbuoo

‘SoUOWIOY OU 9/6 %7}
‘S| dH 01 pasodxa
(%02) 21 yoiym

JO seuow.Ioy X8s 0}
pesodxe 6GG ‘syuIq
ONI| GEG'SL "L/-G/61

sSyuIq ‘9098alL) |elIdsoH
AluieleN elpuexaly
‘1J0Yy00 aA0adsoney

2861
noiBioabilpey

//61 01 G/6} usemieq
solul0 ABojooseUAD

Bulpuane pue
Jueubaid uswom /£

SBWO00IN0 [BWIOU O}
Buipsaosoid seioueubaid
00G Jo 8|dwes wopuel
B P8109|8s sem sIy)

woJ} ‘uswom 000'6
:G/61 Apnis Aoueubald
JO SBWO02INO dHDY

6.6} pselnon

8/61 Buiwel4
SaIpnis 1oyo)

Salljewliouge Yyim
SIUBJUI 9/9'E ‘SOSEO 96 102 Jejuwing
S9IPNIS [0J]U0J-9SE)

uone|ndod Apnig al fpms

Page 8 of 25



F1000Research 2019, 7:1725 Last updated: 29 JAN 2019

‘AA1oepAjod

‘diy &y} Jo uoeO|-sIp
[enuabuod ‘eaibap 1sil)
ay1 Jo seipedsodAy B8
sollewoue [eluabuoo
9JoA8S-UOU ‘UoioNpal
qui| pue dij ye[o
‘ewolse|qoinau ‘s1095ep
1eay [eluabuoo
Buipn|oul saljewoue
[eruaBuoo a1oneg

suolew.ojew [eyusbuo)d

‘eplyiq euids ‘s[@o0jeAw
‘a|eo0eAwobulusw
‘Areydeoosoiw
‘AreydaooipAy
‘Areydaousue Buipnioul
Suollew o) ew WalsAs
SNOAJBU [BJUBD

suolewoyew Jolejy

eisalie [eabeydoseQ

payiodal ssawoanQ

saipnis
|oJjuo09-ased ui edid Buiyosjew
Buipn|ouj S|0J1U0D UO UOIBWLIOU]

AYDIUYIS ‘UOIIBWLIOLUI OILIOUODD -0100S
‘Alo1s1y @Anonpoldal pue [eolpauwl ‘aby

000BqO}
‘loyoore Jo asn ‘AioBa1ed [euonednooo
pue [e1o0s ‘Aloisiy aAionpoldal
‘SUOIJE|NO0U| ‘SESBaSIP SNOIIO8UI
‘Aoueubaid Jo 8sIn0o ‘Al0isIy [EDIPBIN

dN

'S1010B} 1810 puUE suolelado

[e0164NS ‘SJUBPIDOE ‘SBSEaSIP JuslINdIsiul
‘peoptiom Ajlep ‘sjuebe [eojweyo

01 ainsodxa ‘exeiul Bnip ‘Aloisiy
[eoibojooaeUAB pue [elBUBb pajeIag

palodal-uoN

pe1923]]09 sa|qelieA Buipunojuod

‘S| dH 01 pesodxs yolym
10 /gg ‘seloueubaid
wis} [In} 906°6 -

[endsoy swes ul
pauonsenb uswom Buowe
wiopuel e pajos|ss Sjuejul

pa108j/eun Jo siayiow
8loMm S[0)u0D ‘Apnis Ul
Bunedionted sielndsoy ul
ualpliyd G68°¢l 01 yuiq
aneb uswom 9/ °z| ‘slied
ul soluljo ABojodseuAb Z |
ul JuswlNIoal ‘69-€96 1

211Us0 YuIq [eldsoH

aoueI4
‘S8J1U90 YuIq [eldsoH

296}

MN ‘seonoeld [elousn) 01 996} seloueubald

Auewlon)

‘SOJUI|D [BIRUBIUY sojoueubaid ey9'cl

'SLdH usel
pey oz ‘wnibjeg ‘sebnig
ul siendsoy g ul syiiq

SOJUS0 YUIq [BNdSOH  8AIIN08SU0D SIBYIoW 00G

Bumes uoneindod Apms

1861 S}0L

8/61 enenbnoy
-neawny

8961 [ossnoYy

€861 SlIeeyoIN

8.6 2118

ai Apnis

Page 9 of 25



F1000Research 2019, 7:1725 Last updated: 29 JAN 2019

© o u o™

0w ~ < ~ N o ©

[o¢]

6/ @102s
lejoL

soA
Jesjoun
Jesjoun

Jesjoun

Jeajoun

saA

soh
Jesjoun
Jesjoun
ou
Jeajoun
soAk

Jes|oun

soh
Jeajoun

sok

alenbape ajeu
asuodsal-uoN

soA
soh
soh

soh

sok

soA
soh
Jesjoun
Jesjoun
soh
soh
Jeajoun

sok

sok
soh
sok

S|04juU0d
pue sasea 1o}
juswulelvase
JO poylaw awes

ou
Jesjoun
sok

Jesjoun

soh

sk
sk
Jesjoun
Jesjoun
soh
Jesjoun
soh

soh

Jesjoun
soh

soh

ajenbape
ainsodxa jo
JUaWUIeI9ISY

ou
sohk
sohk

ou

ST

sak

ou

ou
Jesjoun
soA

ou

soA

ou

soA
soh

soh

si0joej [euollppe
juepioduwi 10y
sjonuo9d Apnis (q

ou
soh
ou

soh

sok

sok
sak
sak

ou
sah
sah
sah

sok

sok
sok
soh

10)0e}
enodwi ysow
ay} 1o} S|04juod

Apmis (e

sisAjeue 10 ubisap ayj Jo siseq ayj uo
S]0J1U09 pue sased Jo Ajjiqesedwo)

ou
Jesjoun
ou

soh

ou

ou
sak
sak
SEI
sak
sak
sak

ou

soh
soh

sok

ajenbape
S|o4uod jo
uoniuyeq

*SaIpN}s papn|oul 10} SaI09S 3|eds BMBIO-9[ISEIMAN °E 2]l

ou
sohk
ou

soh

soh

soA

sohk

ou
Jesjoun
Jeajoun
ou
Jeajoun

sok

soh
soh

sok

ajenbape
S|o43u09 jo
uono9Ies

ou
sok
soh

sok

sok

sah
sk
sok
Jeajoun
sok
Jesjoun
sok

sok

sok
Jeajoun

soh

¢oAnejuasaldal
sased ayj aly

sk
Jesjoun
sk

sok

sok

sok
sah
sah
sak
soh
sah
soh

ou

sok
Jeajoun

soh

¢arenbape
uoniuysp
aseo ay} s|

¥10¢ Jejuwing

/86| zules
6.6} Uewyioy
€86 Xeups|od

g pue
2 |041U00 8SBD

8.6} EION

| |0JJUOD 8SED
8.6 EION

G/6| BION
€261 Ao

| /6| @ouaineT]
9861 Jowwen

976} Wohs||eH
/161 yousuepr
/61 yolsuepr

1/6}
Blaquesin

¢l6l e
0861 zousio

ai Apmis

S81PN]S [04}U0-8SBD 3|BdS BMBIO—O[ISEOMBN

Page 10 of 25



F1000Research 2019, 7:1725 Last updated: 29 JAN 2019

© O © ~

[oe]

saA

ou
soAk
SEIN

sok

soA

Jes|oun

Jesjoun
saA

Jesjoun

sah

sah
soh
sk

sok

sah

sok

sah
sah

sah

sah

soA
Jesjoun
sk

Jesjoun

soA

Jes|oun

soA
Jeajoun

Jesjoun

sak

soA
ou
sk

ou

Jesjoun

ou

soA
ou

Jesjoun

sah

sah
ou
sk

sok

sah

ou

ou
sah

Jesjoun

saA

saA
sk
sok

sok

saA

soA

saA
saA

saA

sah

sah
sok
sok

sok

sah

Jes|oun

sah

Jesjoun

Jesjoun

sah

Jeajoun
soAh
sok

ou

saA

les|oun

saA
sah

Jesjoun

sah

sah
sok
sk

sk

sah

Jes|oun

sah
sah

sah

1861 S}OL

8.6}
apenbnoy
-neawny

896/ |9ssnoy
€861 SIISEYSIN
8.6l dIIBIN

9/6}
Japue|ny|

¥/61 19|[eH

2861
noibiosbilpeH

6.6 plelnon
8/61 Buiwel4

Page 11 of 25



F1000Research 2019, 7:1725 Last updated: 29 JAN 2019

Odds Ratio
Random, 95% CI

Odds Ratio
Random, 95% CI

Study or Subgroup Events Total Events Total Weight
Case-control studies

Greenberg 1977 73 836 35 836 16.6%
Sainz 1987 39 8826 30 8735 12.6%
Subtotal (95% CI) 9662 9571  29.2%
Total events 112 65

Heterogeneity: Tau? = 0.09; Chi* = 2.71, df = 1 (P = 0.10); I = 63%
Test for overall effect: Z = 2.01 (P = 0.04)

Cohort studies

Fleming 1978 15 245 25 500 6.6%
Goujard 1979 5 133 69 3246 3.3%
Haller 1974 16 617 63 2917 9.3%
Kullander 1976 20 765 107 4910 12.2%
Michaelis 1983 10 502 6 502 2.8%
Rumeau-Rouquette 1978 20 1150 160 9662 13.0%
Torfs 1981 40 203 2541 17057 23.6%
Subtotal (95% Cl) 3615 38794 70.8%
Total events 126 2971

Heterogeneity: Tau? = 0.00; Chi? = 1.85, df = 6 (P = 0.93); 1= 0%
Test for overall effect: Z = 2.40 (P = 0.02)

Total (95% CI) 13277 48365 100.0%
Total events 238 3036

Heterogeneity: Tau? = 0.00; Chi?=7.20, df =8 (P = 0.51); I?= 0%
Test for overall effect: Z = 3.90 (P < 0.0001)

Test for subgroup differences: Chiz = 1.01, df = 1 (P = 0.32), I*=0.9%

Hormone Pregnancy Tests (HPT); Confidence Interval (Cl)

2.19[1.45,3.32] -

1.2910.80, 2.07] N L

1.70 [1.01, 2.86] -~

1.24[0.64, 2.40] —
1.80[0.71, 4.53] R
1.21[0.69, 2.10] — T

1.21[0.74, 1.95] —

1.68[0.61, 4.66] -

1.05[0.66, 1.68] —

1.40[0.99, 1.99] | . —

1.28 [1.05, 1.56]

1.40[1.18, 1.66]

! } }

r T T

0.2 0.5 1 2 5
Control

Figure 2. Association of exposure to oral HPTs in pregnancy with all malformations in the offspring.

congenital malformations: pooled odds ratio (OR) = 1.40 (95%
CI 1.18 to 1.66; P < 0.0001; I?= 0%). For the two case-control
studies only, pooled OR = 1.70 (95% CI 1.01 to 2.86; P = 0.04;
I? = 63%) and for the seven cohort studies, pooled OR =
1.28 (95% CI 1.05 to 1.56; P = 0.02; I*> = 0%). The test for
subgroup differences was not significant (P = 0.32). In a post-hoc
sensitivity analysis, removing the studies that collected no
confounding variables (Haller 74 and Fleming 78, both of low
quality) did not affect the significance of the result (OR 1.44;
95% CI 1.18 to 1.75; P = 0.0004, I = 11%). The meta-regression
showed no association between total NOS score and increased
risk (P =0.51).

Seven studies, including 19,267 mothers of infants and 218
exposed to oral HPTs, analysed congenital heart malforma-
tions. Five were case-control studies (Ferencz 1980; Janerich
1977; Levy 1973; Nora 1978-2/3) and two were cohort studies
(Hadjigeorgiou 1982; Torfs 1981) (Figure 3). The pooled relative
OR =1.89 (95% CI 1.32 t0 2.72; P = 0.0006; I>= 0%).

In a post-hoc sensitivity analysis, removing one study that col-
lected no confounding variables (Levy 73, a low-quality study)
did not affect the significance of the result (OR = 1.88; 95%
CI 1.25 to 2.85; P = 0.003, I? = 12%) For the five case-con-
trol studies only, the pooled OR = 1.87 (95% CI 1.23 to 2.85;
P = 0.004; I* = 9%); for the two cohort studies the pooled

OR = 1.95 (95% CI 0.44 to 8.69; P = 0.38; I* = 32%). The
meta-regression was not significant (P = 0.94).

For the association between exposure to oral HPTs and nerv-
ous system malformations in the offspring, five studies pro-
vided data: three case-control studies (Gal 1972; Laurence
1971; Sainz 1987) and two cohort studies (Roussel 1968; Torfs
1981), including 12 486 mothers of infants and 127 exposed
(Figure 4). The pooled OR = 298 (95% CI 1.32 to 6.76;
P = 0.009; I’= 78%). In a post-hoc sensitivity analysis, remov-
ing the two studies that collected no confounding variables
(Laurence 71; Roussel 68) did not affect the significance
of the result and removed the heterogeneity (OR 6.04; 95%
CI 3.33 to 10.78; P < 0.00001, I* = 0%).

Gastrointestinal malformations and exposure to oral HPTs were
reported in three studies: a case-control study (Lammer 1986)
and two cohort studies (Meire 1978 and Torfs 1981), providing
data on 2,722 mothers of infants, including 79 exposed to HPTs
(Figure 5). The pooled OR = 4.50 (95% CI 0.63 to 32.20;
P = 0.13; 2= 54%). One case-control study (Polednak 1983)
and one cohort study (Torfs 1981) examined the relationship
between exposure to oral HPTs in pregnancy and urogenital
malformations: pooled OR = 2.63 (95% CI 0.84 to 8.28; P = 0.10;
2= 0%) (Figure 6).

Page 12 of 25



F1000Research 2019, 7:1725 Last updated: 29 JAN 2019

Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Case-control studies
Ferencz 1980 4 110 9 29 92% 1.20[0.36, 3.99] I L E—
Janerich 1977 10 104 2 104 5.5% 5.43[1.16, 25.40] A
Levy 1973 1 76 0 76 1.3% 3.04[0.12, 75.80] T
Nora 1978-2/3 30 236 24 412 415% 2.35[1.34,4.13) —
Rothman 1979 14 388 35 1246 33.1% 1.30[0.69, 2.43] —i—
Subtotal (95% CI) 914 2134 90.5% 1.87 [1.23, 2.85] ‘
Total events 59 70
Heterogeneity: Tau? = 0.02; Chi* = 4.41, df =4 (P = 0.35); 1= 9%
Test for overall effect: Z = 2.92 (P = 0.004)
Cohort studies
Hadjigeorgiou 1982 2 112 80 14976  6.6% 3.39[0.82, 13.94] T
Torfs 1981 1 203 6 928 29% 0.76 [0.09, 6.35] L
Subtotal (95% CI) 315 15904 9.5% 1.95[0.44, 8.69] ‘
Total events 3 86
Heterogeneity: Tau? = 0.40; Chi=1.47, df =1 (P = 0.23); I?= 32%
Test for overall effect: Z = 0.88 (P = 0.38)
Total (95% Cl) 1229 18038 100.0% 1.89[1.32, 2.72] ’
Total events 62 156
Heterogeneity: Tau? = 0.00; Chi? = 5.75, df = 6 (P = 0.45); I>= 0% f f f |
0.01 0.1 1 10 100
Test for overall effect: Z = 3.45 (P = 0.0006) Control HPT
Test for subgroup differences: Chi? = 0.00, df = 1 (P = 0.96), I?= 0%

Hormone Pregnancy Tests (HPT); Confidence Interval (Cl)

Figure 3. Association of exposure to oral hormone pregnancy tests (HPTs) in pregnancy with congenital heart disease in the
offspring.

Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Case-control studies
Gal 1972 19 100 4 100 17.7% 5.63[1.84, 17.22] - &
Laurence 1971 22 271 22 323 23.0% 1.21[0.65, 2.23] —
Sainz 1987 7 244 30 8735 20.7% 8.57[3.73,19.71] — &
Subtotal (95% ClI) 615 9158  61.4% 3.74[0.95, 14.76] ‘
Total events 48 56
Heterogeneity: Tau? = 1.27; Chi? = 16.18, df = 2 (P = 0.0003); I> = 88%
Test for overall effect: Z = 1.89 (P = 0.06)
Cohort studies
Roussel 1968 8 198 37 1384 21.3% 1.53[0.70, 3.34] T
Torfs 1981 5 203 7 928 17.3% 3.32[1.04, 10.58] — &
Subtotal (95% CI) 401 2312 38.6% 2.00[0.97, 4.10] ‘
Total events 13 44
Heterogeneity: Tau? = 0.05; Chi?=1.18, df =1 (P = 0.28); 1= 15%
Test for overall effect: Z = 1.88 (P = 0.06)
Total (95% CI) 1016 11470 100.0% 2.98[1.32, 6.76] ’
Total events 61 100
Heterogeneity: Tau? = 0.66; Chi* = 17.94, df = 4 (P = 0.001); I*>=78% f t f f
Testf Il effect: 2 = 2.62 (P = 0.02 01 1 10 50

est for overall effect: Z = 2.62 (P = 0.009) Control HPT
Test for subgroup differences: Chi? = 0.64, df = 1 (P = 0.43), 1= 0%

Hormone Pregnancy Tests (HPT); Confidence Interval (Cl)

Figure 4. Association of exposure to oral hormone pregnancy tests (HPTs) in pregnancy and nervous system malformations in the
offspring.
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Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Case-control studies
Lammer 1986 6 36 70 1055 52.6% 2.81[1.13, 6.99] _._
Subtotal (95% Cl) 36 1055 52.6% 2.81[1.13, 6.99] ‘
Total events 6 70
Heterogeneity: Not applicable
Test for overall effect: Z = 2.23 (P = 0.03)
Cohort studies
Meire 1978 1 20 0 480 22.8% 73.92[2.92,1873.38] EEE—
Torfs 1981 0 203 2 928 24.6% 0.91[0.04, 19.04] :
Subtotal (95% CI) 223 1408 47.4% 7.94[0.09, 690.55]
Total events 1 2
Heterogeneity: Tau? = 7.82; Chi? = 4.05, df =1 (P = 0.04); I?=75%
Test for overall effect: Z = 0.91 (P = 0.36)
Total (95% CI) 259 2463 100.0% 4.50 [0.63, 32.20] -
Total events 7 72

' ' i |

Heterogeneity: Tau?= 1.70; Chi? = 4.38, df = 2 (P = 0.11); I?= 54% f f
0.01 0.1 1 10 100

Test for overall effect: Z = 1.50 (P = 0.13) Control HPT

Test for subgroup differences: Chi? = 0.20, df = 1 (P = 0.66), 1> = 0%

Hormone Pregnancy Tests (HPT); Confidence Interval (CI)

Figure 5. Association of exposure to oral hormone pregnancy tests (HPTs) in pregnancy and gastrointestinal malformations in the
offspring.

Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Case-control studies
Polednak 1983 7 99 2 99 515% 3.69[0.75, 18.23] —
Subtotal (95% CI) 99 99 51.5% 3.69 [0.75, 18.23] <‘
Total events 7 2
Heterogeneity: Not applicable
Test for overall effect: Z = 1.60 (P = 0.11)
Cohort studies
Torfs 1981 2 203 5 928 48.5% 1.84[0.35, 9.53] — 1
Subtotal (95% Cl) 203 928  48.5% 1.84 [0.35, 9.53] -l
Total events 2 5
Heterogeneity: Not applicable
Test for overall effect: Z = 0.72 (P = 0.47)
Total (95% Cl) 302 1027 100.0% 2.63[0.84, 8.28] <‘
Total events 9 7
Heterogeneity: Tau? = 0.00; Chiz = 0.36, df = 1 (P = 0.55); I2= 0% I f ; |
0.02 0.1 1 10 50
Test for overall effect: Z = 1.65 (P = 0.10) Control HPT
Test for subgroup differences: Chi? = 0.36, df = 1 (P = 0.55), I* = 0%

Hormone Pregnancy Tests (HPT); Confidence Interval (Cl)

Figure 6. Association of exposure to oral hormone pregnancy tests (HPTs) in pregnancy and urogenital malformations in the
offspring.

Page 14 of 25



A relation between the exposure to oral HPTs and musculoskel-
etal malformations was reported in three studies: three case-
control studies (Hellstrom 1976; Janerich 1977; Lammer 1986)
and one cohort study (Torfs 1981) (Figure 7), based on 2,464
women, with 79 exposed to HPTs. The pooled OR = 2.24
(95% CI 1.23 to 4.08; P = 0.009; I? = 0%). Removal of the zero
study events (Torfs 1981) did not affect this result. The asso-
ciation of VACTERL with HPT exposure was reported in two
case-control studies (Nora 1978-1 and Nora 1975), based on 135
women and infants and 27 exposed to HPTs; the OR was 7.57
(95% C12.92 to 19.07; P < 0.0001; I*= 0%) (Figure 8).

Dataset 1. Study extraction sheet

https://dx.doi.org/10.5256/f1000research.16758.d233494

Discussion

We found 24 articles containing 26 studies that reported the
association between exposure to oral hormone pregnancy tests
in mothers and malformations in their infants: 16 were case-
control studies and ten were prospective cohort studies. The
overall quality of the evidence, assessed by the Newcastle-Ottawa
Scale, was moderate.

Study or Subgroup Events Total Events Total Weight

M-H, Random, 95% CI

F1000Research 2019, 7:1725 Last updated: 29 JAN 2019

We found significant associations for all congenital malforma-
tions pooled and separately for congenital heart malformations,
nervous system malformations, musculoskeletal malformations,
and the VACTERL syndrome. Many of these pooled analyses
had zero heterogeneity, and the direction of effect favoured the
controls in 30 of the 32 analyses undertaken (Torfs 81 provided
the only effect estimate favouring HPT exposure). The analyses
were also robust to sensitivity analyses, and there was no
relation between NOS score and increasing risk.

Based on the assumptions that a teratogenic effect of HPTs would
be mediated by actions on estrogen and progestogen recep-
tors, and that concentrations of ethinylestradiol and norethister-
one in the fetus would be too low to have a significant effect on
those receptors, it has been suggested that there is no mechanistic
argument for teratogenicity’. However, other unknown mecha-
nisms might be at play. For example, Isabel Gal first reported
concerns of malformations in the children of mothers exposed to
HPTs in 1967", pointing out that bleeding often occurred in preg-
nant women soon after exposure and suggesting that that would
affect the “equilibrium” of the uterus. Between 5 and 11% of
exposed women had bleeding, and the RCGP survey reported
induced abortions in about 10% of women".

Odds Ratio Odds Ratio

M-H, Random, 95% CI

Case-control studies

Hellstrom 1976 3 32 1 30 6.7%
Janerich 1977 3 108 1 108 6.9%
Lammer 1986 12 98 58 957 82.8%
Subtotal (95% CI) 238 1095 96.5%
Total events 18 60

Heterogeneity: Tau? = 0.00; Chi? = 0.14, df =2 (P = 0.93); I?= 0%
Test for overall effect: Z = 2.63 (P = 0.009)

Cohort studies

Torfs 1981 0 203 1 928 3.5%
Subtotal (95% Cl) 203 928 3.5%
Total events 0 1

Heterogeneity: Not applicable
Test for overall effect: Z = 0.26 (P = 0.80)

Total (95% CI) 441

Total events 18 61
Heterogeneity: Tau? = 0.00; Chi? = 0.20, df = 3 (P = 0.98); I>= 0%
Test for overall effect: Z = 2.63 (P = 0.009)

2023 100.0%

Test for subgroup differences: Chi? = 0.06, df = 1 (P = 0.81), I?= 0%

Hormone Pregnancy Tests (HPT); Confidence Interval (Cl)

3.00[0.29, 30.56] .
3.06 [0.31, 29.86] .

216 [1.12, 4.18] t

2.27[1.23, 4.18]

1.52[0.06, 37.43] .
1.52[0.06, 37.43]

2.24[1.23, 4.08]

| | | |
I T

0.02 0.1 1 50
Control

HPT

Figure 7. Association of exposure to oral hormone pregnancy tests (HPTs) in pregnancy and musculoskeletal malformations in the

offspring.
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Study or Subgroup Events Total Events Total Weight

M-H, Random, 95% CI
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Odds Ratio Odds Ratio

M-H, Random, 95% CI

Case-control studies

Nora 1975 6 15 3 30 35.3%
Nora 1978-1 13 30 5 60 64.7%
Subtotal (95% Cl) 45 90 100.0%
Total events 19 8

Heterogeneity: Tau? = 0.00; Chi2=0.11, df =1 (P = 0.74); 2= 0%
Test for overall effect: Z = 4.20 (P < 0.0001)

Hormone Pregnancy Tests (HPT); Confidence Interval (Cl)

6.00[1.24, 29.07]

8.41[2.62, 26.99]
7.47 [2.92, 19.07]

-

| | |
0.01 0.1 1 10 100
Control HPT

Figure 8. Association of exposure to oral hormone pregnancy tests (HPTs) in pregnancy with Vertebral defects, Anal atresia,
Cardiovascular anomalies, Tracheoesophageal fistula, Esophageal atresia, Renal anomalies, and Limb defects (VACTERL) syndrome

in the offspring.

The drugs in Primodos were not tested for animal toxicity and
teratogenicity at the time, which, although not unusual, meant
that there was a gap in mechanistic understanding. A 2018 study
showed that the components in Primodos are associated with
dose-dependent and time-related damage in zebrafish embryos,
and affect nerve outgrowth and blood vessel patterning in
zebrafish'>'*. Although it is difficult to compare drug actions
between species, and evidence from animal studies is limited,
the drugs accumulated in the zebrafish embryos, persisted for
some time, and led to rapid embryonic damage'*'*. In contrast,
other animal studies have shown minimal effects on embryo
development. There is also evidence that estradiol and
progestogens increase the expression of mRNA for isoforms
of vascular endothelial growth factor (VEGF) in Ishikawa cells
from human endometrial adenocarcinoma'®.

Strengths and weaknesses

Establishing causal associations in the absence of randomization
can be difficult. However, the lack of randomized trials
in our analysis should not be seen as a barrier to interpreting
our findings. It would have been unethical to randomize indi-
viduals to drugs with known concerns, and randomization, like
systematic reviews, was not the norm at the time. Furthermore,
for questions about harms, the Oxford CEBM levels of evidence
puts systematic reviews of case-control studies on a par with
systematic reviews of randomized trials'’.

However, observational methods have limitations'®. First,
interpretation can be affected by confounding factors. Although
most of the studies in this review used matched controls, our
analysis was based on raw data from the publications and did not

adjust for confounders. Secondly, susceptibility bias can occur,
as women with threatened abortions might be more likely to
present and take the medication. Both of these problems can be
mitigated by careful matching; 13 of the 16 studies controlled
for the most important factor, item 5a on the NOS scale. Thirdly,
the severity of malformations studied will have led to differ-
ing risk estimates across studies. Fourthly, inappropriate meth-
ods of ascertainment of the malformations and exposures could
have introduced bias. Finally, incomplete and uneven report-
ing, along with publication bias (since it is likely that unreported
studies exist) could introduce bias and alter the effect estimates.

The use of scoring systems to assess quality has been criticized.
However, the NOS scale has been used widely in assessing
the quality of non-randomized studies”™. A NOS score
between O and 9 has previously been used as a potential
moderator in meta-regression”’, and has been recommended by
the Cochrane Collaboration”®. A weakness of the NOS scale is the
possible low agreement between assessors”. This was particu-
larly the case when authors had limited experience in doing
systematic reviews, but training, even of novices, improves
agreement'’.

The effects were also stable to sensitivity analyses, and changes
in NOS score did not affect the risk estimates. The absence
of subgroup differences between study designs for the risk
estimates supports the robustness of the findings. We also
tried to overcome publication bias by translation and assess-
ment of unpublished data. The sample sizes in the studies for all
congenital malformations, congenital heart disease, and nerv-
ous system malformations were sufficiently large to suggest that
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small unpublished studies would have little effect on the
estimates unless they were highly heterogeneous. The analyses
of gastrointestinal, urogenital, musculoskeletal, and VACTERL
malformations were limited by their small sample sizes and
low number of events: the interpretation of these effects should,
therefore, be treated more cautiously. The significant effect
observed for VACTERL should also be treated cautiously,
as the confidence intervals for this effect were wide.

Our study has several strengths. We used standard systematic
review methods, and by asking a focused question solely on
exposure to HPTs, and excluding exposure to other hormones,
we have been able to assess the heterogeneity of the effect
estimates. However, as with any observational studies, there is
always the possibility that an unknown confounder could be the
cause of the observed difference. While such a possibility can-
not be ruled out, the lack of heterogeneity means that such
a confounder would potentially have to act in the same direc-
tion, despite many different confounders being collected and
controlled for. Confounding factors with variable effects on the
effect estimates would have probably led to a high degree of

1975 PRIMODOS Data Sheet compendium

PRIMODOS*

Presentation Each orange, sugar-coated tablet
contains 10 mg norethisterane acetate and 0.02 mg
ethinyl oestradiol. .

Uses Primodos is intended for the symptomatic
treatment of secondary amenorrhoea of short dura-
tion, not due to’pregnancy, by the production of a
withdrawal bleeding within three to six days of tablet-
taking, or in exceptional cases, after up to 10 days.
Dosage and administration - One tablet to be taken
on each of two consecutive days.
Contra-indications, warnings, etc Rarely, a
feeling of nausea may occur.

Speeial precautions: In the rare case in which
bleeding does not follow the administration of
Primodos (usually when the amenorrhaea has lasted
six months or longer), although the paljent ‘is not
pregnant, a careful search for organic disease
should ‘be made before giving further hormonal
treatment, which should be as for primary amenor-

rhoea.

Phar ical pr i Store in caol, dry
conditions, away from strong sunlight: shelf-life
five years. :

Legal category S4B.
Package quantities Foil ‘strips of 2 and 20
tablets.

Further informauon  Nil.
Praduct licence number . 0053/5027.

Schering Chemicals Limited. Primodos. In: Data Sheet
Compendium 1975. London: The Association of the British
Pharmaceutical Industry, 1975: 785.

1978 PRIMODOS

Data Sheet compendium

F1000Research 2019, 7:1725 Last updated: 29 JAN 2019

heterogeneity, which would have prevented pooling; this was not
the case.

Conclusion

Regulators were first made aware of the link between exposure
to HPTs and congenital malformations in 1967. After 1975, the
Primodos label was changed to state that the medication should
not be used in pregnancy because of a risk of malformations
(see Figure 9). The evidence of an association has previously
been deemed weak, and previous litigation and reviews have
been inconclusive. However, we believe that this systematic
review shows an association of oral HPTs with congenital
malformations.

Our results show the benefit of undertaking systematic reviews,
a study type not in routine use when most of these studies were
done. For example, only one study (Greenberg 1997) out of nine
reported a significant effect for all congenital malformations;
the pooled estimate was significant. Much of the discussion
over the associations of HPTs with congenital malformations
at the time these studies were published focused on the lack of

PRIMODOS*

Presentation Each orange, sugar-coated tablet
contains 10 mg norethisterone acetate and 0.02 mg
ethinyloestradiol. :

Uses Primodos is intended ‘for the symptomatic
reatment of secondary aménorrhoea of short duration,
not due to pregnancy. in the absence of pregnancy it
is pussnb[e to produce a withdrawal bleeding within
three to six days or, in exceptional cases, after 10 days.
Dosage and administration  One tablet to bé taken
on each of two consectuve days
Contra-indications, warnings, etc
Contra-indication: Pregnancy.

Warning : A possibility exists of an association between
the use of Primodos during early pregnancy and an in-

Added Warning =P creased incidence of congenital abnormalities.

Because of this possible hazard, Primodos must not
be taken unless it is certain that the patient is not preg-
nant. :

Special precsutions: In the rare case in which
bleeding does not follow the administration . of
Primodos (usually when the amenorrhoea has lasted
six months or. longer}, although the patient is not
pregnant, a careful search for organic disease
should be  made before giving further hormonal
weatment, which should be as_for primary. amenor-
rhoea. .
Side-effects Rarely, nausea may occur.

Overdosage: There have been no reports of ill-effects

from overdosage and treatment is generally unneces.

sary. If overdosage is discovered within two or three
hours and is so large that treatment seems desirable,

gastric lavage can safely be used. . '

There are no special antidotes, and further treatment
should be symptomatic.

Pharmaceutical precautions Store in cool, dry
conditions, away from strong sunlight: shelf-life five
years.

Legal category FOM

Package quantities Foil strips of 2 tablets,
Further information * Nil.

Product licence number 0053/5027

Schering Chemicals Limited. Primodos. In: Data Sheet Compendium 1978.
London: The Association of the British Pharmaceutical Industry, 1978: 888.

Figure 9. Primodos label 1975 and 1978.
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significance of individual studies®, although it was also recog-
nized that the numbers involved were insufficient to reject the

29

hypotheses™’.
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studies included, and we consider the conclusions do not require the addition of the study type.
This is in line with previous systematic reviews our group has published.

Competing Interests: CH, ES, KRM and IO received funding from the NIHR SPCR Evidence
Synthesis Working group (NIHR SPCR ESWG. CH is Director of the NIHR SPCR ESWG, and
receives funding support from the NIHR Oxford BRC, is an NIHR Senior Investigator and Editor in
Chief of BMJ Evidence-Based Medicine. JKA has published papers and edited textbooks on
adverse drug reactions; he has also acted as an expert witness in cases related to adverse drug
reactions.
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2 Sciences Po, Paris, France

This is a timely and much-needed paper that deserves to be widely read and cited. It provides the first
systematic review and meta-analysis of old epidemiological data pointing towards a long-acknowledged
association between HPTs and birth defects. Most of the paper is devoted to apparently rigorous
statistical analysis. We leave constructive criticism of the statistics to other, more appropriately

qualified reviewers. Instead, we confine our comments to the historical context and factual details
presented in the paper. These, on the whole, are entirely satisfactory. But some minor errors — that do
not significantly detract from the overall argument — should be amended:

1. 'Oral hormone pregnancy tests (HPTs), such as Primodos, containing ethinylestradiol and high
doses of norethisterone, were given to over a million women from 1958 to 1978’ (p. 1).

It is worth clarifying that HPTs were available as injections from 1950 and in tablet form (e.g.,
Schering’s Orasecron, Roussel’s Amenorone Forte), in the UK, from at least 1956. See, for
example, Britton (1956'); and
https://archive.org/details/b19974760M4180/page/n45?g=amenorone+1956. For an extended
discussion, see Olszynko-Gryn (2014), available for download here. Furthermore, not all HPTs
contained norethisterone; different companies used other types of synthetic progesterone, and the
same goes for ethinylestradiol.

2. ‘Oral hormone pregnancy tests (HPTs), such as Primodos (known as Duogynon in Germany), were
used from 1958 to 1978, before urine pregnancy tests were available’ (p. 3).

Contrary to popular belief, urine pregnancy tests were in fact widely though unevenly available
between 1958 and 1978 and HPTs were never the dominant method of pregnancy testing. For a
detailed timeline of pregnancy testing in the UK, please see Olszynko-Gryn et al. (2018), esp. pp.
35-36. It would also be helpful to clarify that HPTs were removed from UK market in 1978, but
earlier and later elsewhere. See Olszynko-Gryn et al. (20182) for details (pp. 41-42).
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3. ‘The test principle was that menstruation would be induced in those who were not pregnant’ (p.3).

At the time HPTs were variously described as ‘clinical’, ‘hormonal’, or ‘withdrawal bleeding’
pregnancy tests and it would be more precise to refer to their effect as inducing menstrual-like
withdrawal bleeding, which is not identical to menstruation.

4. Worth mentioning that Gal 1967, though a highly significant intervention, was not the first published
warning against HPTs; these began to appear as early as 1956, in response to marketing literature
aimed at GPs. See Britton (1956') and Olszynko-Gryn et al. (2018%), p. 36.

5. ‘However, we believe that this systematic review shows an association of oral HPTs with
congenital malformations’ (p. 17).

More optionally, the authors might consider reflecting on the extent to which the association they
identify implies a causal association. An association between the use of HPTs and birth defects
has long been recognised and was rarely in dispute. Many experts explained the association in
terms of a suspected though as unknown direct mechanistic effect of HPTs on the developing
human embryo. Others, however, preferred to explain the association in terms of underlying
factors, e.g., a patient history of miscarriage or birth defects. This view, which still has traction in
some quarters, is discussed to some extent in Olszynko-Gryn et al. (20182) (pp. 39-41). The
authors might usefully offer a fresh perspective based on their findings, in the Conclusion and/or in
the interesting discussion of unknown mechanisms on p. 16.
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Are the rationale for, and objectives of, the Systematic Review clearly stated?
Yes

Are sufficient details of the methods and analysis provided to allow replication by others?
Yes

Is the statistical analysis and its interpretation appropriate?
| cannot comment. A qualified statistician is required.

Are the conclusions drawn adequately supported by the results presented in the review?
Yes
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We have read this submission. We believe that we have an appropriate level of expertise to
confirm that it is of an acceptable scientific standard.

Carl Heneghan,

Many thanks for these positive comments.

We have amended the introduction with the following text: 'Oral hormone pregnancy tests (HPTSs),
such as Primodos (known as Duogynon in Germany), were available as injections from 1950 and
in tablet form in the UK from 1956 onwards, before the modern forms of urine pregnancy tests
became available [1]

We have cited: Olszynko-Gryn J, Bjervik E, WeBel M, Jilich S, Jean C. A historical argument for
regulatory failure in the case of Primodos and other hormone pregnancy tests. Reprod Biomed Soc
Online. 2018 Oct 23;6:34-44. Doi: 10.1016/j.rbms.2018.09.003. eCollection 2018 Aug.

We have amended the introduction text as per the reviewer's suggestion :

"Warnings about HPTs in pregnancy first emerged in 1956: accumulating concerns over an
increased risk of malformations led to their withdrawal in a number of countries at different times.
Norway cancelled the indication in pregnancy for HPTs in 1970; the UK did so in 1978, when the
manufacturers of Primodos, Schering AG (taken over by Bayer AG in 2008), voluntarily stopped
marketing the product; in Germany, Duogynon was taken off the market in 1981 [ref
Olszynko-Gryn J].'

We have amended the introduction text as per the reviewer's suggestion:

‘The test principle was that they would induce bleeding similar to menstruation in those who were
not pregnant.’

'‘Warnings about HPTs in pregnancy first emerged in 1956.'

And referenced the Britton H.G. Pregnancy test. Br. Med. J. 1956;2(18 Aug.):419. paper

The benefits of our systematic review include that it quantifies the magnitude of the association and
tests the robustness of this association across multiple studies by meta-analysis. We, therefore,
perceive that they are rationale and the objectives are clear.
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| am fully supportive of this article on the effects of hormone pregnancy tests as it stands. | have no
substantive criticism of the content or methods.

| am of course interested in why the regulator (MHRA) did not find comparable results but this is not a
matter that should be addressed in this article.

There is one extra point that this article may speak to which is that from some time it was thought that
teratogens caused signature defects - such as the phocomelia of thalidomide. This may now be a minority
position (I'm not sure of this point). The findings here do not support that point of view. | can understand if
the authors may think that commenting on this point is a matter for others or for another article; | mention it
for consideration.

| have one very minor point about the layout which is that in the column where the numbers of women
recruited to various studies is mentioned, the right justification of paragraphs leads to an odd spacing
between 28 thousand and 671 - this doesn't apply when the page is resized.

Are the rationale for, and objectives of, the Systematic Review clearly stated?
Yes

Are sufficient details of the methods and analysis provided to allow replication by others?
Yes

Is the statistical analysis and its interpretation appropriate?
Yes

Are the conclusions drawn adequately supported by the results presented in the review?
Yes

Competing Interests: No competing interests were disclosed.

I have read this submission. | believe that | have an appropriate level of expertise to confirm that
it is of an acceptable scientific standard.

Carl Heneghan,

Many thanks for these positive comments.

Signature defects are only likely to occur if the timing of exposure is the same in all cases.
However, when the timing of exposure varies, fetuses will be affected in different ways, depending
on the tissues that are developing at the time of exposure, giving rise to a variety of malformations.
The large range of times of exposure during embryogenesis determines which developmental
processes are most affected, resulting in a wide variety of potential defects as seen in our review
and in alleged Primodos survivors. Furthermore, different fetuses may have different epigenetic
susceptibilities to different teratogenic outcomes.
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The Primodos components norethisterone acetate and ethinyl estradiol induce developmental
abnormalities in zebrafish embryos [Brown S, Fraga LR, Cameron G, Erskine L, Vargesson N. Sci
Rep. 2018 Feb 13;8(1):2917. doi: 10.1038/s41598-018-21318-9]. Brown's data in Zebrafish show
acetate and ethinylestradiol teratogenicity depends on dose and the embryonic stage of
development, embryos at an early stage being more sensitive than those at a later stage.

The comments are interested in why the regulator (MHRA) did not find comparable results but this
is not a matter that should be addressed in this article. We agree with this issue - no change
required.

We have removed the spacing between numbers to eliminate the odd spacing effect.
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Chief of BMJ Evidence-Based Medicine. JKA has published papers and edited textbooks on
adverse drug reactions; he has also acted as an expert witness in cases related to adverse drug
reactions.
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