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Abstract
!

The first home pregnancy test was introduced in
1976. Since then, pregnancy tests have become
the most common diagnostic assay used at home.
Pregnancy tests use antibodies to detect human
chorionic gonadotropin (hCG). It is an ideal
marker of pregnancy since it rises rapidly and
consistently in early pregnancy and can be de-
tected in urine. The most advanced home preg-
nancy test currently available assesses the level
of hCG found in urine and claims to provide wom-
en with reliable results within just a few weeks of
pregnancy. Today, over 15 different types of home
pregnancy test are available to buy over the coun-
ter in Germany. Many tests claim to be highly ac-
curate and capable of detecting pregnancy before
the next monthly period is due, although claims
such as 8 days prior to menstruation are unrealis-
tic. However, users and healthcare professionals
should be aware that, although all are labelled as
CE, there are currently no standard criteria for
testing performance and claims. This review pro-
vides an overview of the development of home
pregnancy tests and the data on their efficacy to-
gether with an analysis of published data on the
accuracy of hCG for the detection of early preg-
nancy and studies on the use of home-based
pregnancy tests. Preliminary data on some home
pregnancy tests available in Germany are pre-
sented which indicate that many results do not
match the claims made in the package insert.
Healthcare professionals and women should be
aware that some of the claims made for home
pregnancy tests are inconsistent and that com-
mon definitions and testing criteria are urgently
needed.

Zusammenfassung
!

Der erste Urinschwangerschaftstest wurde 1976
vorgestellt und seitdem gehören diese Tests zu
den am häufigsten durchgeführten Laborunter-
suchungen in der Eigenanwendung. Schwanger-
schaftstests gehören nach der europäischen
Richtlinie 98/79/EG zu den In-vitro-Diagnostika
der Medizinprodukte. Sie sind keiner Risikoliste
zugeordnet. Anders als in den USA führt weder
das Bundesinstitut für Arzneimittel und Medizin-
produkte (BMfArM) noch die Zentralstelle der
Länder für Gesundheitsschutz bei Arzneimitteln
und Medizinprodukten (ZLG) eine Liste geprüfter
und zugelassener Schwangerschaftstests. Im ver-
gangenen Jahr war zwischenzeitlich geplant, die
hCG-Bestimmung aus dem Urin in der frauen-
ärztlichen Praxis einer externen Qualitätskontrol-
le zu unterziehen, ohne dass kommerzielle
Schwangerschaftstests ihre Genauigkeit und Sen-
sitivität unter Beweis stellen mussten und es bis
heute auch keine Standards für eine solche Über-
prüfung gibt. In Apotheken und Drogeriemärkten
in Deutschland sind derzeit über 15 verschiedene
Heim-Schwangerschaftstests erhältlich. Viele die-
ser Schwangerschaftstests behaupten, mit einer
hohen Genauigkeit und Empfindlichkeit hCG im
Urin festzustellen, oft angeblich bereits einige Ta-
ge vor der erwarteten Periodenblutung. Diese Ar-
beit gibt einen Überblick über die Entwicklung
von Urin-Schwangerschaftstests sowie die vor-
handenen Daten zur Genauigkeit und Sensitivität
der hCG-Messung und informiert über neue Ent-
wicklungen. Es werden erste Daten einer verglei-
chenden Überprüfung in Deutschland verkaufter
Schwangerschaftstests vorgestellt, die zeigen,
dass nicht viele den Versprechungen auf ihren
Verpackungen genügen. Allen Benutzern von
Heim-Schwangerschaftstests müssen die Gren-
zen dieser Methode und die Anfälligkeit einzelner
Tests bekannt sein, um nicht falsche Schlussfol-
gerungen zu ziehen. In Anbetracht der großen Be-
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deutung des Ergebnisses eines Schwangerschaftstests für jede
einzelne Frau ist auch in Deutschland dringend eine offizielle
Prüfung und Zulassung einzelner Tests vor dem Verkauf und spä-
ter eine Produktüberwachung notwendig.
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Introduction
!

Home pregnancy testing, which is done via the detection of hu-
man chorionic gonadotropin (hCG) in urine, has made considera-
ble progress since its inception in 1976. Today in Germany,
around 15–20 different home pregnancy tests are sold over the
counter (in pharmacies and drugstores), a selection of which are
described inl" Table 1. The package inserts of most available tests
claim that the accuracy of the tests are “over 99%” and “highly
sensitive”. However, themajority of these over-the-counter preg-
nancy tests have not been tested in independent, prospective
studies and their true accuracy has not been evaluated. None of
the German supervisory authorities such as the Federal Institute
for Drugs and Medical Devices (Bundesinstitut für Arzneimittel
und Medizinprodukte or BfArM, http://www.bfarm.de) or the
Central Authority of the Länder for Health Protection in Medici-
nal Products and Medical Devices (Zentralstelle der Länder für
Gesundheitsschutz bei Arzneimitteln und Medizinprodukten or
ZLG, https://www.zlg.de) do not currently test or approve tests.
For self-tests, such as home pregnancy tests, a technical file or de-
sign dossier is prepared, which is then reviewed by a notified
body prior to marketing; this notified body must be an organisa-
tion accredited and recognised within the European Union as ca-
pable of performing conformity assessments [1]. The only infor-
Table 1 Results of a preliminary evaluation of the performance of currently mark
tions of 0, 5, 10, 25, and 50mIU/ml (in pooled hCG-negative urine) were prepared f
4th International Standard. The standards were all measured by AutoDELFIA (Perkin
standards are expressed as total number of positive results over the number of dev

Test Cyclotest

(Schwan-

ger-

schafts-

test)

MedVec In-

ternational

(Schwan-

gerschafts-

frühtest)

Clearblue

Digital

Pregnancy

Test with

Conception

Indicator

Testamed

Diagnostic

(Digitaler

Schwan-

gerschafts

test)

Claimed sensi-
tivity (mIU/ml)

25 10 25 not stated

Required
dipping time
(seconds)

3 10 20 15

Reading time
(minutes)

3 5 3 5

hCG solutions
(mIU/ml)
" 0 0/2

(1 error)
0/3 0/3 0/1

(2 errors)
" 5 0/3 0/3 0/3 0/2 (1 error
" 10 0/3 0/3 0/3 0/1

(2 errors)
" 25 0/3 3/3 3/3 2/2 (1 error
" 50 0/3 3/3 3/3 3/3

Did test match
sensitivity
claim?

no No Yes unknown

Price per test
(amazon.de)

4.32 € 9.87 € 10.95 € 14.57 €
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mation currently available on the accuracy of pregnancy tests is
from non-institutional and non-scientific publications [2]. This
review provides an important update on current scientific
knowledge and published literature on urinary home pregnancy
tests. It also provides urgently needed data on the accuracy of
commonly available tests and discusses new developments relat-
ing to the measurement of urinary hCG to estimate pregnancy.
Human Chorionic Gonadotropin
!

The hormone hCG is produced very early in pregnancy by troph-
oblast cells. After implantation, the placenta begins to develop
and produce increasing amounts of hCG. As this makes hCG a
marker for implantation, this finding has been exploited to create
both laboratory and home pregnancy tests.
Human chorionic gonadotropin is a glycoprotein consisting of
two non-covalently linked, dissimilar subunits, known as α (91
amino acids) and β (hormone specific subunit of 145 amino ac-
ids). Multiple forms of hCG can be detected in both serum and
urine, and WHO International Standards have been created for
the most important forms [3–5], which include intact hCG,
nicked intact hCG (where there is a nick in the β-polypeptide
chain, primarily between amino acid positions 40 and 50 from
eted pregnancy tests available in Germany. To perform this analysis, hCG solu-
rom an initial stock solution calibrated to theWHO (World Health Organisation)
Elmer) to ensure they were within ± 5% of target value. Results from testing of
ices tested.

s

-

Cyclotest

(Schwan-

gerschafts-

frühtest)

Prima

Sicher

(Schwan-

ger-

schafts-

test)

Testamed

Diagnos-

tics

(Schwan-

gerschafts-

frühtest)

Presense

(Schwan-

ger-

schafts-

frühtest)

Clear-

blue

Preg-

nancy

Test

12 25 25 10 25

3 3 20 10 5

3 1–3 2 3 3

0/3 0/3 0/3 0/3 0/3

) 0/3 0/3 1/3 0/3 3/3

0/3 2/3 3/3 2/3 3/3

) 0/3 3/3 3/3 3/3 3/3

1/3 3/3 3/3 3/3 3/3

no yes yes border-
line

yes

6.28 € 4.95 € 7.02 € not
available

3.95–
5.99 €



Table 2 Reference ranges for urinary intact hCG for each day of pregnancy.
Duration of pregnancy refers to days since ovulation (with ovulation given as
LH surge + 1 day). Data was obtained from 109 UK volunteers who provided
daily urine samples, starting prior to conception and continuing through early
pregnancy (collection done from 23/01/12 to 12/03/13, with the approval of
the local ethics committee). Mean age of the volunteers was 29.50 years (SD
4.27, median 29 years, range 21–40). hCG was measured using the Auto-
DELFIA immunoassay system (Perkin Elmer).

Duration of

pregnancy

(days)

n Median hCG

(mIU/ml)

10th and 90th centiles

of hCG (mIU/ml)

7 91 0.00 (0.00, 0.20)

8 102 0.06 (0.00, 2.91)

9 104 4.04 (0.19, 11.32)

10 103 12.23 (3.92, 27.01)

11 104 25.04 (9.47, 57.82)

12 98 48.10 (15.72, 94.09)

13 101 75.25 (29.02, 196.95)

14 103 137.19 (45.06, 301.08)

15 104 208.34 (86.83, 464.51)

16 107 333.73 (139.19, 853.50)

17 100 524.90 (209.98, 1313.55)

18 105 813.74 (283.89, 1768.70)

19 99 1187.00 (426.07, 2976.40)

20 104 1644.70 (662.62, 4169.70)

21 104 2681.70 (935.46, 6470.40)

22 104 3066.80 (1071.20, 7300.10)

23 98 4554.20 (1316.10, 11043.00)

24 99 5056.80 (1787.40, 13029.00)

25 100 6451.55 (2477.55, 15310.00)

26 99 7692.50 (3157.70, 20123.00)

27 102 10170.00 (3203.30, 25863.00)

28 103 11975.00 (4381.60, 29184.00)

29 97 12942.00 (5301.20, 33212.00)

30 100 16109.00 (5793.00, 41008.50)

31 96 18265.50 (8578.20, 57419.00)

32 101 26115.00 (9176.30, 73159.00)

33 95 27485.00 (11482.00, 70464.00)

34 93 31189.00 (12852.00, 84109.00)

35 91 35243.00 (15541.00, 81680.00)

36 92 35177.50 (12809.00, 87293.00)

37 93 38955.00 (17155.00, 101990.00)

38 86 40431.50 (19484.00, 108660.00)

39 85 52411.00 (16658.00, 106670.00)

40 88 50239.50 (17949.00, 108820.00)

41 84 57398.00 (19243.00, 124940.00)

42 68 50480.00 (22547.00, 106520.00)

hCG: human chorionic gonadotropin
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Fig. 1 Daily increase in urinary hCG in early pregnancy in three different
studies: The UK Early Pregnancy Study [17], the UK Standard Care Ultra-
sound Study [26] and the US Gestational Age Study [18]. The grey area is
the 10th to 90th centile band for the US Gestational Age Study [18].
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the N-terminal end of the β-subunit [6,7]), free β-subunit, and
free nicked β-subunit. An additional form, free β-core, is present
in urine and becomes the predominant form in later pregnancy
[8].
There has been much discussion on hyperglycosylated hCG
(hCG‑H), which originally referred to a variant of “normal” hCG
with larger complex oligosaccharide side chains seen in chorio-
carcinoma [9]. Some researchers reported that hCG‑H is the pre-
dominant form in early pregnancy [10]. Unfortunately, there is
no reference standard available for this form of hCG, and all stud-
ies were done using a single antibody B152, which is not com-
mercially available, so that corroboration of these findings via in-
dependent reagents has not been possible. However, it is clear
that a mixture of hCG forms is typical in early pregnancy [11].
Different immunoassays vary in their ability to recognise these
Gno
different forms [12], although there is no evidence of any benefit
in measuring one or multiple forms with regard to accuracy in
detecting pregnancy [4,5].
Human Chorionic Gonadotropin in Early Pregnancy
!

Eight days after conception, hCG can be detected in the maternal
circulation [13]; a concentration of approximately 10 mlU/ml is
observed in serum between 9 and 10 days after follicular rupture
[14]. As the pregnancy develops, the level of hCG increases at a
rate of approximately 50% per day, reaching a peak of around
100000 mlU/ml by week 10, after which levels decrease and re-
main stable at approximately 20000mIU/ml for the remainder of
the pregnancy [14,15].
In addition to being present in maternal serum, hCG can be de-
tected in the urine of pregnant women, where its appearance
and rise show similar patterns to those observed in the maternal
circulation [16]. At 9 days after conception, the mean concentra-
tion of hCG has been observed to be 0.93mIU/ml [17], with levels
increasing daily until they reach the plateaux at approximately
45 days post conception.
This daily increase in urinary hCG levels by approximately 50%
observed in early pregnancy was consistently noted in different
studies conducted across a 5-year period, using three different
cohorts of women, as shown in l" Fig. 1. All of the studies re-
ported a remarkable uniformity in the rise of hCG levels in early
pregnancy. This combined cohort data has been used to provide
reference ranges for hCG for each day of pregnancy (l" Table 2).
The studies reported no differences between ethnicities with re-
gard to urinary hCG increase [18]. However, levels of serum hCG
th C and Johnson S. Strips of Hope:… Geburtsh Frauenheilk 2014; 74: 661–669
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Fig. 2 Impact of reference method used to determine pregnancy dura-
tion (day of pregnancy calculated from LMP (− 14 days) or from ovulation
(LH surge + 1 day) on variability of urinary hCG in early pregnancy normo-
grams by day. Median hCG levels overlay by day; variability was markedly
increased when pregnancy duration was calculated from LMP as opposed
to ovulation. The grey area is the 10th to 90th centile band for the US Ges-
tational Age Study [18].
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in early pregnancy (day 16 following assisted reproductive tech-
nology [ART]) have been seen to be slightly lower in womenwith
a higher pre-pregnancy body mass index (BMI); this may be due
to the effect of adipose tissue-derived signalling molecules on
hCG secretion by the implanting embryo [19].
Studies reporting a wide variability in hCG concentrations in
early pregnancy have generally calculated pregnancy duration
from the day of the last menstrual period (LMP). The variability
of hCG concentrations in these studies is unsurprising, given the
considerable intra- and inter-individual variation in the length of
the follicular phase [17,20,21]. In addition, inaccuracies fre-
quently occur due to womenʼs poor recollection of their LMP.
Studies found that only 32% of women had regular monthly
cycles and were certain of their LMP date [22]; higher incidence
of round number preferences was also recorded when women
were asked the day of their LMP, with the 15th of the month giv-
en 2.5 times more often than expected [23]. Early pregnancy
bleeding, recent hormonal contraceptive use or breastfeeding
are all additional reasons why a woman may not have a reliable
LMP date. When hCG concentrations are calculated based on the
surge in luteinising hormone that stimulates ovulation (LH
surge), most of this variability disappears [18]. l" Fig. 2 shows
the influence of an imperfect referencing method (LMP) on the
precision of the urinary hCG normogram for early pregnancy.
This means that semi-quantitative hCG measurement in urine
can be useful for determining the true gestational age or, if the
time of conception is known, hCG measurement can contribute
to early detection of pregnancy disturbances.
Gnoth C and Johnson S. Strips of Hope:… Geburtsh Frauenheilk 2014; 74: 661–669
History of Human Chorionic Gonadotropin
in Pregnancy Testing
!

In 1927 the first bioassay for the diagnosis of pregnancy was in-
troduced (Aschheim-Zondek Test). In this test, urine fromwomen
in the early stage of pregnancy was injected into immature fe-
male mice or rabbits. The ovaries of the animals were examined
a few days subsequent to injection for the presence of follicular
maturation, luteinisation and haemorrhage into the ovarian stro-
ma, which signified a positive result for the pregnancy test [24].
Following the development of an immunoassay in 1959, the first
immunological pregnancy test, the Wide-Gemzell test, was de-
veloped, using rabbit antibodies against hCG [25]. The advent of
monoclonal antibodies and the development of enzyme-labelled
immunoassays in the 1970s led to more sensitive and accurate
hCG assays.
In the wake of these technological innovations, the company
Warner-Chilcott launched the first pregnancy test for home use
in 1976. This test was not easy to use – it consisted of a test tube
and a tube-holder fitted with a special mirror to allow the user to
read the results from the bottom of the tube, and it took 2 hours
until the results were ready [24].
The home pregnancy tests currently available are quick and easy
to use. They consist of an immunometric assay that usesmonoclo-
nal or polyclonal antibodies to bind hCG and produce a reaction
which results in a colour change. This traditionally occurs with
the appearance of marker lines, or in the case of the newer digital
tests, the reaction is read by an optical sensor which then displays
the result as “Pregnant” or “Not pregnant” (in words) [26].
The most advanced version of the home pregnancy test to date is
able to quantify the level of hCG found in urine to providewomen
with an estimate of the duration of their pregnancy (in weeks
since gestation) [17,27]. The Clearblue Digital Pregnancy Test
with Conception/Weeks Indicator (SPD Swiss Precision Diagnos-
tics GmbH, Switzerland), measures the level of hCG and catego-
rises the duration of the userʼs pregnancy into 1–2 weeks, 2–3
weeks and 3+ weeks since ovulation/conception, based on estab-
lished hCG thresholds relative to ovulation, defined as LH surge
+ 1 day [17,27].
This test operates by using the close relationship between hCG
and gestational age. Studies have shown the test results agree
well (> 90%) with the results for gestational age calculated using
11–13 week ultrasound crown rump length (CRL) measurements
and pregnancy duration calculated by day of ovulation [27,28].
This highlights that hCGmeasurement is amore accuratemethod
for dating early pregnancy than LMP, since LMP provides a value
in the sameweek as the true gestational age for just 46% of wom-
en, within 1 week for 78% of women and within 2 weeks for 87%
of women [29]. Obviously, with hCG being more accurate than
LMP to determine pregnancy duration, some womenwill receive
conflicting results. Further investigation on how this affects
women would be of interest, but is likely to be similar to cases
of divergent results between early ultrasound and LMP.
Most recently, urinary hCG levels in early pregnancy have also
been found to correlate with the prospective delivery date. A
study comparing the Weeks Indicator test with ultrasound found
that the device gave a estimate of time of delivery which was
comparable to the CRL estimate based on ultrasound. The mean
time from each volunteerʼs device result (weeks since ovulation)
to delivery was 37.47 weeks and themean time from ovulation to
delivery based on CRL measurement was 37.40 weeks [30], as
shown in l" Fig. 3.
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dard error, dotted line) of the twomethods contains zero then the twometh-
ods can be used interchangeably.
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Analytical Performance of Home Pregnancy Tests
!

Home pregnancy tests marketed within the USA are required to
provide objective evidence of product performance according to
specific definitions, notably:
1. test sensitivity, which is the hCG concentration at which the

test would be expected to return positive results > 95% of the
time;

2. method comparison study, where the device is compared to a
predicate device;

3. pregnancy detection rate when testing is done before the peri-
od is due, i.e., the percentage rate of detected pregnant results
by day relative to the day of the expected period.

Manufacturers who market tests in both Europe and the USA
tend to conform to these definitions across both markets (e.g.
Clearblue, First Response, and EPT brands). Device accuracy,
which is usually considered to be the percentage of correct detec-
tion of negative and positive results (at concentrations of hCG
greater than test sensitivity) using urine samples from women
seeking to know pregnancy status, are also often calculated.
However, it is unclear as to whether other tests available in Ger-
many conform to these definitions and it is therefore not possible
to make objective comparisons between tests based on their
packaging claims.
Earlier studies have shown that urine pregnancy tests for home
use vary greatly in their analytical performance. Cole estimated
that a sensitivity of 12.4mIU/ml is needed to detect 95% of preg-
nancies at the time of the expected menstrual period [31]. Based
on our clinical data, a test must have no false positive results and
always be able to detect 25mIU/ml hCG (the 2nd centile of hCG
concentration for this day) to achieve a 99% accuracy rate from
the day of the expected period.
Unfortunately, no recent studies have investigated home preg-
nancy test performance, and indeed, there are no historical stud-
ies evaluating the myriad tests now available on the German
market. In the absence of any available data on test performance
and the lack of standardisation for evaluating test credentials, any
declaration of test accuracy on the package labelling is potentially
misleading.
The investigation of claims made about pregnancy tests in Ger-
many found that some made claims consistent with the clinical
rise in hCG in early pregnancy. For example, tests claiming
25mIU/ml sensitivity were declared to be > 99% accurate from
the day of the expected period and capable of detecting preg-
nancy up to 4 days before the expected period. These tests are
likely to be correct, providing the test is always able to detect
25mIU/ml of hCG in every urine sample. However, other tests
are making claims such as “8 days early”, or “can detect 10mIU/
ml”; these claims appear to be inconsistent with both assay per-
formance and the hCG rise observed in early pregnancy. We
therefore recently conducted a preliminary evaluation of the
most commonly available tests to examine their performance.
Nine tests freely available from pharmacies (Clearblue Digital
Pregnancy Test with Conception/Weeks Indicator [CBD], Clear-
blue Plus Pregnancy Test [CBP], Cyclotest [CT], Cyclotest Super-
sensitive [CSS], MedVec International [MI], Presense [P], Prima
Sicher [PS], Testamed Diagnostics Digital [TDD], Testamed Diag-
nostics Sensitive [TDS]) were tested in triplicate using five hCG
standards representing non-pregnant status and stages of early
pregnancy (0, 5, 10, 25, 50mIU/ml). Results were read by a panel
of three technicians and all results were photographed for refer-
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ence. This investigation was designed as a preliminary study
which aimed to yield important information for further research.
However, even with a sample size of 3 repetitions per standard,
this study found important differences in the laboratory per-
formance of home-based urinary hCG tests (l" Table 1). Four tests
(CBD, CBP, PS, P) were all able to detect 25mIU/ml, a result that
was consistent with their respective manufacturersʼ claimed sen-
sitivity of 25mIU/ml and ability to test up to 4 days before men-
struation is due. TDD had an extremely high error rate of 40% and
was also unable to reliably detect 25mIU/ml hCG. Although CT
has a claimed sensitivity of 25mIU/ml, it gave negative results
for all tested standards. MI and CSS claimed that they were capa-
ble of detecting 10mIU/ml and could be used for testing up to 8
days early, but neither of the tests showed results consistent with
these claims. As regards the CT and CSS home pregnancy tests,
only one out of six tests was able to detect 50mIU/ml, and the re-
sults suggested that false negative results may be obtained when
testing is done early, or on days around the expected period. The
data also allowed sample sizes to be calculated for further re-
search on this subject.
The above results clearly show that there needs to be consistency
in how manufacturers of pregnancy tests are permitted to de-
scribe their testʼs performance, and that certain pregnancy tests
currently available may give women misleading results. A more
comprehensive study on this subject is urgently needed to cor-
roborate our findings.
Accuracy of Home Pregnancy Tests in Usersʼ Hands
!

Many home pregnancy tests claim to be more than 99% accurate
[26], when used from the day of the expected period. However,
these accuracy figures are determined on the basis of laboratory
testing of urine samples carried out by trained laboratory techni-
cians under ideal conditions. The real life accuracy of home-use
pregnancy tests may be lower. A review of published studies
found that the sensitivity of home-use pregnancy tests declined
when subjects performed the test on their own urine compared
with the testing of samples done in a laboratory setting [32].
In one study of 27 home-use tests using standard urine samples,
230 of the 478 positive urine samples distributed were wrongly
identified as negative by the women testing them. The primary
reason for this was considered to be the difficulty women had,
regardless of socioeconomic group, in understanding product in-
structions and, consequently, in reading the test results correctly
[33]. This conclusion is supported by an evaluation of 16 home-
pregnancy test instructions, which found that none of the in-
structions rated highly when ranked against criteria for compli-
ance with plain language guidelines [34]. Some of these errors
can be overcome by using newer digital tests, where the result is
displayed in words as “Pregnant” or “Not pregnant” and conse-
quently do not give rise to errors based on an erroneous interpre-
tation of the result by the user. Studies have shown that one in
four women can misread line-based pregnancy tests, a tradition-
al format whereby the appearance of coloured lines has to be
evaluated by the user to determine whether the result is positive
or negative [35].
The type of test format is another factor that can influence the ac-
curacy of pregnancy tests when used at home. Home pregnancy
tests are available in three main formats: strip, cassette and mid-
stream test sticks. Strip tests have no casing or sample applica-
tion wick; they therefore require women to collect a urine sam-
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ple and then dip the small strip-like device into the sample until
the urine reaches a prescribed line on the strip. The cassette for-
mat requires women to collect a urine sample, following which
the user has to add a small quantity of the collected urine to the
cassette-like test device using a plastic bulb supplied with the
test. Both the strip and cassette test formats were primarily de-
signed to be used by healthcare professionals in a clinical setting.
However, they are also available for women to use at home. In
contrast, the midstream test stick format was specifically devel-
oped to enable women to carry out pregnancy tests easily at
home. Midstream test sticks consist of a stick with an absorbent
wick at one end, which is placed in the urine stream or dipped
into collected urine to obtain a sample.
In a recent study of over 100 women which compared a number
of tests with these differing formats, more than 95% of women
stated that they preferred the midstream test stick format [36].
The unhygienic nature of the strip and cassette tests together
with the difficulties in using the tests due to the multiple steps
required were just some of the reasons women stated for their
preference. When asked about the cassette test, 23% of women
reported that the cassette test had failed to display a result (ei-
ther test or control) and only 31% of women were certain of the
result using this test format. In contrast, the strip and midstream
test sticks displayed a result in more than 95% of cases, andwom-
en were certain of the test result in 56% and > 70% of cases, re-
spectively, for the strip and midstream test stick devices. When
women interpreted standard results for urine, using a test done
by a trained study coordinator, their reading of the result agreed
with that of the coordinator in less than 70% of cases for cassette
and strip test formats, comparedwith an agreement of more than
99% when a digital midstream test was evaluated (l" Table 3)
[36]. l" Table 1 shows that pricing does vary between tests, with
strips, cassettes and budget tests found to be appreciably less ex-
pensive than branded visual tests. The most expensive tests are
digital tests. Women purchasing tests may choose to do so based
on issues of costs, as well as promised test performance, which
gives rise to the question what the cost of an accurate test is.
Tests are also sold not just in single packs, but as twin or even
triplet packs, which offers a more economical option if testing is
done more than once. Ideally, a woman should only need to con-
Table 3 Comparison of results interpreted by volunteers with results interpreted

Product Coordinator results Volunt

Pregna

Stripa Pregnant 96

Not pregnant 2

Cassetteb Pregnant 120

Not pregnant 0

Store-brandmidstream visualc Pregnant 94

Not pregnant 3

Brandedmidstream visuald Pregnant 142

Not pregnant 0

Brandedmidstream easy-use visuale Pregnant 214

Not pregnant 1

Brandedmidstream digitalf* Pregnant 218

Not pregnant 1

a One Step hCG Test (AI DE Diagnostica Co, Ltd, China); b One Step Pregnancy Test (Al DE Di

ticals™, UK); d Clearblue COMPACT pregnancy test (SPD Swiss Precision Diagnostics GmbH,

Switzerland); f Clearblue DIGITAL pregnancy test (SPD Swiss Precision Diagnostics GmbH, Sw

results.

Gno
duct one test, but, as discussed above, if test accuracy is low, a
woman may have to test many times during early pregnancy to
get a “Pregnant” result. In addition, a look at internet forums
shows that many women choose to carry out multiple pregnancy
tests because they are desperate to know the result as soon as
possible, or wish to confirm a positive result, sometime several
times over. An objective assessment of womenʼs pregnancy test-
ing behaviour would be an interesting area for future research.
Other Reasons for Inaccurate
Home Pregnancy Test Results
!

If an accurate test has been used correctly, there are very few oc-
casions when the result may be considered inaccurate. When
used correctly, the most common cause of inaccurate test results
is if testing is done before there is sufficient hCG present in urine
to obtain a positive result. Consequently, women obtain a “Not
pregnant” result; if the women test again later in the same cycle,
they will obtain a “Pregnant” test result. Errors mostly arise due
to inaccurate estimation by women of the day of their expected
period [22,23]. Even if women are sure of the day of their LMP,
there can be considerable inter-cycle differences in women, as
cycles have been observed to vary by more than 13 days in 30%
of women [37]. In some instances errors can also be due to a lon-
ger than usual time from ovulation to implantation, as this inter-
val has been observed to vary by up to 6 days in naturally con-
ceived pregnancies [38]. These types of false negative results thus
do not indicate that the test is inaccurate but are rather due to
women misunderstanding when the correct time is in their cycle
to perform a pregnancy test, or may be due to variations in time
to implantation.
Another cause of observed false negative results for home preg-
nancy tests can be due to unusually high concentrations of
hCGβcf, the core fragment of β‑hCG, which can occur in later
stages of pregnancy [39]. Tests recently cleared for marketing in
the USA by the Food and Drugs Administration have been re-
quired to demonstrate that they do not produce false negative re-
sults when used in later pregnancy. European guidelines require
manufacturers to do their own risk assessments; however, specif-
by coordinators for different home pregnancy tests [36].

eer results, n Percentage

agreement

nt Not pregnant Donʼt know

79 48 59.1

101 7

72 30 69.3

111 0

85 37 61.2

110 4

43 38 75.6

110 0

2 6 97.2

110 0

1 0 99.3

109 0

agnostica Co, Ltd, China); c Boots Pharmaceuticals Pregnancy Test (Boots Pharmaceu-

Switzerland); e Clearblue PLUS pregnancy test (SPD Swiss Precision Diagnostics GmbH,

itzerland); * The results were not recorded for 2 pregnant and 2 not pregnant test
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ic performance requirements are not defined in the directive.
More prescriptive European guidelines would be beneficial to en-
sure that similar risks are taken into consideration by all manu-
facturers.
False positive results have been reportedwhen devices have been
tested on samples from peri- and post-menopausal women [40].
In this study, Snyder et al. calculated that a very sensitive test
(5mIU/ml) would generate no false positive results in women
aged 18–40 where the highest hCG value seen was 4.6mIU/ml.
However, 1.3% of results seen in women aged 41–55, where the
maximum hCG seen was 7.7mIU/ml, would be false positives,
and 6.7% of results in women over 55 years old would be false
positives (the highest hCG seen was 13.1mIU/ml). Oral contra-
ceptive pill (OCP) use is common in peri-menopausal women.
Therefore, secondary amenorrhoea after stopping OCP can
prompt women to use home pregnancy tests during peri-meno-
pause, as can the irregular periods often encountered in peri-
menopause. If the sensitivity level of pregnancy tests were set at
concentrations of 15mIU/ml hCG or above, there would be no
specificity issue; this means that the specificity of hCG of high
sensitivity tests to detect pregnancy is reduced, albeit only to a
small extent and only for the peri- and post-menopausal cohort.
Other less common reasons for misleading results of home-based
pregnancy test include the use of fertility drugs containing hCG
(such as Pregnyl®, Ovitrelle® and Predalon® for ovulation induc-
tion or luteal phase support) which, if testing is done too soon
after administration, may give a false “Pregnant” result. The pres-
ence of very rare malignancies (e.g. choriocarcinoma, ovarian
neoplasm) can also create misleading results.
Discussion
!

Home pregnancy tests are the most common diagnostic assays
used by patients at home and in a clinical setting. There may be
serious consequences if false negative or false positive results are
displayed, e.g., an unintended pregnancy in a young woman. In
the USA, strict criteria and definitions are in place to ensure that
the performance of all marketed tests is satisfactory. In Germany
and other European countries, assessment is done via a notified
body accredited by competent authorities of EU member states.
Although notified bodies are capable of performing conformity
assessments to award CE marking in accordance with the New
Approach directives, these assessments are not based on com-
mon definitions. It would therefore be particularly welcome if a
set of common definitions and testing requirements was estab-
lished. This is especially important for medical professionals
where it is necessary to be informed about the diagnostic poten-
tial, accuracy, and possible limitations of home pregnancy tests to
be able to advise patients appropriately.
With clinically sensitive urinary pregnancy tests, it is possible to
detect pregnancy up to 4 days before the expected period. How-
ever, not all commonly sold home pregnancy tests offer the
promised clinical sensitivity. About 50% of investigated preg-
nancy tests currently for sale in Germany did not show the sensi-
tivity claimed on the testʼs package insert. The results of our pre-
liminary study show that tests which made extreme claims, es-
pecially claims about high sensitivity and early detection, should
be used with caution, as these tests are very unlikely to live up to
their claimed performance. However, tests that have been sub-
jected to the rigor of an FDA review do appear to meet their per-
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formance claims, highlighting the importance of requiring appro-
priate performance standards for home pregnancy tests.
Urinary hCG shows a remarkable uniformity in its rise during
early pregnancy. Particularly if hCG concentrations are refer-
enced to the time of ovulation or conception, the high variability
of hCG concentrations reported for early pregnancy in some
studies disappears. Dating the gestational age based on the LMP
is very unreliable. Irregular cycles, early pregnancy bleedings,
previous use of hormonal contraceptives or breastfeeding are
common causes which can obscure the time of conception and
the gestational age. Since reliable normograms of urinary hCG
concentrations already exist, the logical consequence is the de-
velopment of semi-quantitative hCG home assays. Prospective
studies have revealed the high accuracy of currently available
semi-quantitative home pregnancy tests. The studies have shown
that semi-quantitative hCG measurement in urine is helpful to
determine gestational age. This is important in the clinical setting
when ultrasound scans are performed early after a first positive
pregnancy test. Uncertainty results if the pregnancy cannot be vi-
sualised on ultrasound or the scan does not correspond to the
calculated gestational age based on LMP. A first ultrasound scan
at week 8 + 0–11 + 6 may be relatively late from a clinical point
of view and will not be accepted by many of the patients. If time
of conception is known, semi-quantitative hCG measurement in
urine could be helpful to detect disturbances of early pregnancy
or is an early sign of multiple pregnancy. Future investigations in-
to how this affects women would be of interest and could show
that early semi-quantitative pregnancy tests give more certainty
to patients and physicians.
The reliability of pregnancy test results is not only based on the
biochemical performance of the test system. Other important
factors are test handling, test procedures and, last but not least,
an easy-to-understand instruction leaflet. The digital display of
results (“Pregnant”, “Not pregnant”) has removed the need for
users to interpret the result, removing errors of interpretation
as a cause of incorrect results. These technological advances in
home pregnancy testing mean that accurate and reliable results
are within reach.
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