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ABSTRACT

Background: Reported incidence rates of hydatidiform mole (HM) show wide geographic and temporal
variations, making reliable international comparisons difficult. The aim of the current study was to
examine temporal trends in the incidence of HM and post-molar gestational trophoblastic neoplasia
(GTN) in Stockholm County.

Material and methods: Data of all women with a diagnosis of HM in Stockholm County 1991-2010
was collected. The incidence of HM was assessed both in relation to number of births and viable con-
ceptions (births and pregnancy terminations). The risk of post-molar GTN was analysed for all HM, as
well as for the subtypes complete (CHM) and partial hydatidiform mole (PHM). Temporal trends were
analysed by stratifying the study period into five-year intervals.

Results: The overall incidence rate of HM was 2.08/1000 deliveries and 1.48/1000 viable conceptions. A
significant temporal increase in the incidence rate of HM, as well as in the total number and propor-
tion of PHM, was seen. Among 956 women with HM, 77 (8%) progressed into post-molar GTN. There
was evidence of a slight, but non-significant increase in the risk of malignancy in the two last five-year
periods under study.

Conclusions: We found evidence of a significant temporal increase in the incidence rate of HM, which
could not fully be explained by an increase in maternal age over time. Changes in diagnostic methods
probably contributed to the increased incidence rate of PHM. The risk of post-molar GTN remained
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constant over time.

Introduction

Gestational trophoblastic disease (GTD) encompasses the pre-
malignant hydatidiform mole (HM) and the malignant forms
invasive mole, choriocarcinoma, placental site trophoblastic
tumor and epithelioid trophoblastic tumor. The term
gestational trophoblastic neoplasia (GTN) includes all the
malignant forms [1-3]. HM can be divided into two morpho-
logically and genetically different groups, complete (CHM)
and partial hydatidiform mole (PHM) [4,5]. The risk of a post-
molar GTN is approximately 15% after CHM and 1% following
PHM [6-10].

The associations between increasing maternal age and the
incidence of both HM and post-molar GTN are well estab-
lished [11-14]. In Sweden, like in the rest of the western
world, there is a marked trend of delayed childbearing to
older age [15]. The mean age at first childbirth in Sweden
increased from 26.3 to 28.9 years between 1990 and 2010.
The trend in urban areas has been even more pronounced.
In the Stockholm area, with a population of 2.2 million
inhabitants, representing about one-fifth of the Swedish

population, the mean age at first birth is on average two
years higher, increasing from 28.3 years in 1990 to 31.2 years
in 2010 [16].

Incidence rates of HM show wide geographic variations,
with reported estimates ranging from 1/500-1000 pregnan-
cies in Europe and North America to 1-12/1000 pregnancies
in some areas of Asia and the Middle East [17,18]. More
recent reports indicate a decreasing trend in Asia, while
some European countries demonstrate an increasing rate of
GTD over time [12,19-21]. Various methods have been used
to determine incidence rates, precluding reliable international
comparisons.

Since 1970, incidence rates of HM in Sweden have been
estimated in three reports [22-24]. These reports are based on
information from different population-based registers to iden-
tify molar conceptions, and different denominators have been
used to calculate incidence rates, which make direct compari-
sons difficult (Table 1). Furthermore, a documented under-
registration of GTD in the Swedish Cancer Register adds to the
challenge to correctly determine incidence rates [24,25].
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Table 1. Comparison of four Swedish studies on the incidence rate (IR) of HM.

Ringertz et al., Flam et al., Stockholm Salehi et al.,, Joneborg et al, Stockholm
Sweden1958-1965 1975-1988 Sweden 1973-2004 1991-2010

HM (n) 654 393 3844 956
IR (per 1000 deliveries) 0.74 1.46 1.20 2.08
IR (per 1000 viable conceptions) 0.64 0.99 - 1.48
IR (per 1000 pregnancies) - 0.9 - -

Information Cancer Register Yes Yes Yes Yes
Information In-Patient Register - Yes Yes Yes
Information SymPathy - - - Yes
Post-molar GTN 35 5.9 - 8.1

The aim of this study was to investigate temporal trends
in the incidence rates of HM and post-molar GTN in
Stockholm County. For this purpose, we retrieved information
from the regional pathology database, in addition to the
regional and national registers used in the previous studies,
to avoid the problem of under-registration of molar concep-
tions. The number of births as well as viable conceptions
(births and pregnancy terminations) was used to optimize
the estimation of the risk of HM at different ages.

Material and methods

The data was extracted from five regional or national
registers.

Regional Cancer Register (RCR)

Since the start of the Swedish Cancer Register (SCR) in 1958,
reporting of all newly diagnosed cancer cases has been man-
dated by law. Reports are made separately by clinicians and
pathologists or cytologists [26]. Some pre-malignant condi-
tions, including HM, are also reported to the SCR, but earlier
studies have shown an under-reporting of approximately
20% of all cases of HM [24,25]. The SCR does not differentiate
between the two subtypes of molar pregnancies, nor does it
contain information on recurrences, treatment data or cases
of post-molar GTN. The SCR is based on information retrieved
from six regional cancer registers. The RCR of Stockholm-
Gotland was used to identify women diagnosed with HM in
Stockholm County, using the International Classification of
Diseases (ICD)-7: 173 and pathoanatomical diagnosis (PAD):
code 801 for HM.

Regional pathology data base - SymPathy

There is no nationwide central pathology register in Sweden.
The pathology database SymPathy (Tieto AB, Malmo,
Sweden) contains information on results reported by path-
ology departments at the five regional and university hospi-
tals with gynaecological in-patient and emergency wards in
Stockholm County. Information in the SymPathy database
distinguishes between CHM and PHM, but does not contain
information on cases of post-molar GTN, since this diagnosis
is based on criteria rather than histopathology. Application of
ancillary immunohistochemical techniques (mainly antibody
p57) has been routinely in use in primary molar diagnosis at

the main pathology departments in Stockholm since 2003,
while cytometry for DNA ploidy has been reserved to the
Karolinska University Hospital.

The SymPathy database was used to identify women with
a diagnosis of CHM and PHM, using the Systematized
Nomenclature of Medicine (SNOMED): m91000 (CHM),
m91001 (invasive mole) and m91030 (PHM).

Karolinska University Hospital Discharge Register

The Karolinska University Hospital in Stockholm is the referral
center for all women with GTN in Stockholm County and
neighboring regions. The Karolinska University Hospital
Discharge Register was used to identify women with a diag-
nosis of post-molar GTN, using discharge codes ICD-9: (236.1,
181) and ICD-10: (D39.2A, C58.9) for invasive mole and
choriocarcinoma.

The Swedish Medical Birth Register (MBR)

Established in 1973, the Swedish MBR holds records of more
than 98% of all births in Sweden with information on mater-
nal characteristics, reproductive history and complications
during pregnancy, delivery and the neonatal period [27].
Births were registered from gestational week 28 until 2008,
and since then from gestational week 22. For the purpose of
the present study, all deliveries in Stockholm between 1991
and 2010 were identified in the MBR.

Swedish National Board of Health and Welfare

The current Swedish legislation on termination of pregnancy
was passed in 1975, and permits termination of pregnancy at
the request of the woman until the 18th week of gestation.
Thereafter, termination of pregnancy can be granted under
certain circumstances. The Swedish National Board of Health
and Welfare holds descriptive statistics on all pregnancy ter-
minations, including information on women’s age, gestational
age and method of termination. No personal identification is
possible, precluding record linkage to other national regis-
ters. For the purpose of this study, we collected regional
descriptive data on calendar year of pregnancy termination
and maternal age.
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Study population

All cases of HM registered in the Stockholm RCR and
SymPathy system were retrieved for our cohort. The hospital
discharge register of the Karolinska University Hospital was
used to identify women with post-molar GTN. Information on
deliveries was retrieved from the MBR and information on
the number of pregnancy terminations from the Swedish
National Board of Health and Welfare. The incidence of HM
was calculated by the number of deliveries as well as viable
conceptions, and reported per 1000 births and per 1000
viable conceptions. The number of deliveries was defined as
the number of women giving birth, including stillbirths and
counting multiple births as one delivery. Viable conceptions
were defined as the number of deliveries and pregnancy ter-
minations. The cohort of women with a diagnosis of HM was
stratified into seven age groups (<20, 20-24, 25-29, 30-34,
35-39, 40-44 and >45), and into the subgroups CHM and
PHM for additional information. For assessment of temporal
trends, the study period was stratified into four 5-year inter-
vals, 1991-1995, 1996-2000, 2001-2005 and 2006-2010. The
incidence of post-molar GTN was defined as the number of
post-molar GTN divided by the number of HM at risk during
each period.

Table 2. Demographics.

Period HM (n) Mean age (years) Range p
1991-1995 197 30.3 14.1-51.8 ref
1996-2000 199 30.3 16.5-55.3 n.s
2001-2005 254 324 14.3-57.8 p<.01
2006-2010 306 335 16.1-55.5 p<.01
Period GTN (n) Median age* (years) Range
1991-1995 15 34.8 21.6-51.8
1996-2000 12 30.6 24.2-55.3
2001-2005 25 30.1 21.7-53.5
2006-2010 25 39.0 19.4-55.5

*Median age chosen and no statistical tests performed due to small numbers.

% 40

Statistical analysis

Student’s t-test was used to compare means and Fisher's
exact test was used to analyse the proportion of women pro-
gressing into post-molar GTN. Incidence rates of HM were
calculated for each five-year time period between 1991 and
2010. In order to assess whether the incidence rates were
confounded by different age distributions across time peri-
ods, age-standardised incidence rates were also calculated in
a sensitivity analysis. Poisson regression models were used to
compare age-specific incidence rates, by interpreting inci-
dence rate ratios (IRR) as relative risks of HM, with the young-
est women (<20 years) as the reference group. Poisson
models were stratified by time period. Logistic regression
was employed to analyse odds ratios (OR) of GTN after CHM,
adjusting for time period and age, using the lowest level of
each covariate as the reference category. The two-sided sig-
nificance level was set to o= 0.05 in all analyses.

Results

A total of 956 women with HM were identified in the RCR
and the SymPathy database between 1991 and 2010. The
Karolinska University Hospital Discharge Register yielded 102
women with post-molar GTN. After excluding 25 women
referred for treatment from other regions, we identified 77
women subsequently diagnosed with post-molar GTN from
the Stockholm County cohort of HM. The demographics are
shown in Table 2. There was a significant temporal increase
in age at diagnosis of HM. Figure 1 illustrates the change in
age distribution between time periods.

We identified 460,635 deliveries and 184,901 pregnancy
terminations (645,536 viable conceptions in total) between
1991 and 2010. Because of missing data on maternal age,
2270 deliveries and 54 terminations were excluded from the
age-stratified analyses, but were included in the overall
analyses.

For the entire period under study, the incidence of HM
was 2.08/1000 deliveries and 1.48/1000 viable conceptions.
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Figure 1. Temporal changes in the age distribution of women with HM. Data 1975-1988 from Flam et al. [23].
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Figure 2. Age specific incidence of HM per 1000 viable conceptions, logarithmic scale.
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Figure 3. Temporal changes of CHM and PHM.
After stratifying into five-year intervals, the incidence progression into post-molar GTN after CHM and PHM was 13%

increased from 1.66/1000 deliveries and 1.21/1000 viable con-
ceptions in 1991-1995 to 2.31/1000 deliveries and 1.66/1000
viable conceptions in 2006-2010 (p <.01). The highest inci-
dence was observed in women above the age of 40.
Compared to younger women, women of 45 years and above
demonstrated a considerably higher risk of a molar concep-
tion, 1 in 17 deliveries and 1 in 43 viable conceptions. The
age-specific incidence of HM is illustrated in Figure 2.

In the cohort of women with HM, 533 were diagnosed
with a CHM and 422 with a PHM. One HM was not possible
to subtype, and was included in the analyses of HM overall,
but was excluded in the subgroup analyses of CHM and
PHM. The temporal change in the proportion of CHM and
PHM is shown in Figure 3 (p <.01).

The overall risk of post-molar GTN was 8%. The risk varied
between 6% and 10%, with some evidence of a trend of a
higher risk in the two later five-year periods. The proportion of

and 2%, respectively. The number of GTN was small and the
rates varied, but did not change significantly over time, except
in the years 2001-2005, when the proportion of post-molar
GTN after a CHM was significantly higher and reached 21%.

The proportion of HM reported to the Cancer Register
increased steadily over time, from 55% (109/197) in
1991-1995 to 84% (246/306) in 2006-2010.

Discussion
Main findings

This population-based cohort study demonstrates a continu-
ous temporal increase in the incidence rate of HM. While
both the mean maternal age at first child, and the mean age
at diagnosis of a HM increased markedly during the study
period, as well as compared to earlier assessment in the
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same population [23], these changes could not fully explain
the increased incidence rate of HM. There was also a signifi-
cant increase in the absolute number as well as proportion
of PHM, which may have contributed to the increased inci-
dence rate of molar pregnancies. A trend towards an
increased risk of post-molar GTN was seen, which, however,
did not reach statistical significance.

Strengths and limitations

Strengths of the present study included its comprehensive
approach using data from several different population based
register sources. By use of record linkages, a virtually com-
plete follow-up was ensured, including the development of
post-molar GTN. Estimates of incidence rates were based not
only on number of births, but also viable conceptions, giving
a more accurate estimate of the risk of HM at different ages

Several weaknesses need mentioning. Since this study was
restricted to information retrieved from registers, no re-evalu-
ations of pathological slides were performed. Thus, it cannot
be excluded that some women recorded with a molar preg-
nancy were misdiagnosed. This could possibly explain the dif-
ference in the proportion of CHM and PHM between the
earliest and latest five-year intervals under study.

Another potential weakness was that the study was
restricted to women reported with HM and post-molar GTN
to the available registers. It is possible that a few HM were
neither reported to the Cancer Register, nor diagnosed at a
pathology department connected with the SymPathy system.

Interpretation

World-wide reports of incidence rates of molar pregnancies
have shown marked geographic and ethnic differences, with
sometimes 10-20 fold variations. The highest rates have been
reported in the Asian population [17,18,28]. Discrepancies in
the use of hospital-based or population-based data can partly
explain the variations. Furthermore, there have been differen-
ces in the use of denominator to calculate incidence rates.
Whether a HM will develop or not will be determined at the
time of conception. The ideal denominator would therefore
be all conceptions. Since it is not possible to calculate total
conceptions in a population, reported estimates of incidence
rates have been based on known pregnancies, viable concep-
tions, total births and live births, which may further explain
observed differences in incidence rates. Estimating the inci-
dence of HM using births as the reference will over-estimate
the risk in the extremes of reproductive age, since a higher
proportion of pregnancies in very young and older women
will end in pregnancy terminations or miscarriages.

The estimated overall incidence rate of HM of 2.08/1000
deliveries and 1.48/1000 viable conceptions in our study is
consistent with reports from England, a region with an estab-
lished central registration of all women with a diagnosis of
GTD [12]. However, our estimates are higher than those
reported from the Netherlands, Finland and Denmark, where
rates have ranged from 1-1.42/1000 deliveries and 1.1/1000
pregnancies [19,29,30]. Corroborating results from previous
Swedish studies [24,25], we observed an under-registration of

HM to the SCR. In the present study, we combined informa-
tion from all available register resources of HM in Stockholm
County, including the pathology diagnostic database.
Altogether, this is likely to have contributed to the higher
incidence rate of HM observed in our cohort compared to
the previous Swedish studies, which were based on data
from central registers only (Table 1). It may also explain some
of the differences compared to the reports from the geo-
graphically close countries Denmark and Finland, where data
from national registers were used. Of special note is that
Danish and Finnish estimates of incidence rates are compar-
able to those reported by previous Swedish studies based on
similar data sources.

Our finding of a temporal increase of HM may partly be
explained by increasing maternal age. The overall incidence
of HM related to viable conceptions increased from 1 in 833
to 1 in 595 between the first and last five-year period of
study. At the same time, the number of viable conceptions in
the older age groups 40-44 and >45 increased by 82% and
57%, respectively. The absolute number of HM also increased
in the age group 40 and above, and in the last five-year
period almost one-third (28%) of all cases of CHM occurred
in women of age 40 and above. A temporal increase in the
incidence rate of HM has also been reported from England
and the Netherlands [12,19], while other countries have dem-
onstrated stable or decreasing rates [20,21,29,31].

There was also a significant increase in the absolute num-
ber as well as proportion of PHM, which probably contrib-
uted to the increased incidence rate of molar pregnancies. It
is difficult to find a plausible biological explanation for this
increase of PHM, which is more likely to depend on external
factors, such as diagnostic methodology, increased usage of
complimentary diagnostic methods and increased use of
early obstetric ultrasound for detection and sequential diag-
nosis of pathological pregnancies. The distinction between
the subtypes of HM, and also non-molar specimens, can be
difficult, especially in early gestation, when the molar morph-
ology has not yet fully developed. The addition of different
ancillary diagnostic methods, based on the genetic constitu-
tion of HM, has increased the diagnostic accuracy. During the
period under study, different complimentary diagnostic
methods were introduced, which may have led to a different
distribution of CHM and PHM in the earlier study periods
compared to more recent time. This reflects a difficulty in
epidemiological studies, and in the future, much of our
understanding of gestational trophoblastic disease may be
based on molecular biology. With the continuous develop-
ment of molecular methods and tumour sequencing, it may
even be possible to diagnose a gestational trophoblastic
tumour, and predict the risk of malignant transformation, by
identifying its specific genetic features.

We found evidence of an overall, but non-significant,
trend towards an increased risk of post-molar GTN. The risk
of malignant progression overall was 8%, which is low com-
pared to most other reports, but consistent with recent data
from England and previous Swedish data [13,23]. A reason
for the relatively low risk of malignancy in our report may be
the complete data acquisition of HM in the utilized registers.
In the subgroup of CHM, a significant increase in malignant



progression between 2000 and 2005 was noted, and may be
attributed to the relatively low number of CHM diagnosed
this time period compared to the other three (Figure 2). The
total number of CHM was constant during three of the four
5-year calendar periods, while the total number of PHM dif-
fered. However, during the 2000-2005 period, the total num-
ber of CHM dropped while the number of PHM increased.
Since the complimentary diagnostic methods were not yet
fully established, this might have led to an over-diagnosis of
PHM in the group of early CHM, something which may have
been corrected in the latest time period under study, when
the pathology departments more fully had introduced the
complimentary methods. Since CHM leads to GTN to a much
higher extent than PHM, the low total number of CHM
2000-2005 might explain the higher rate of malignancy.

Conclusion

In conclusion, the incidence rate of HM in Stockholm County
showed a significant temporal increase between 1991 and
2010, while the incidence rate of post-molar GTN remained
constant. The absolute number and proportion of PHM also
increased over time, which together with rising maternal age
may have contributed to the increase in registered molar
pregnancies. The observation of an increasing proportion of
PHM in recent time periods is likely to reflect changes in
diagnostic methodology and registration practices.
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