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A B S T R A C T

Aim: The prevalence of hysterectomy is decreasing worldwide. It is not clear whether changes in the population
at risk (women with intact uteruses) have contributed to an increased uterine cancer incidence. This study aims
to assess the effect of changing trends in hysterectomy prevalence on uterine cancer incidence in Scotland.
Methods: The population of women aged ≥25 years with intact uteri was estimated using the estimated hys-
terectomy prevalence in 1995 and the number of procedures performed in Scotland (1996–2015). Age-stan-
dardized uterine cancer incidence was estimated using uncorrected (total) or corrected (adjusted for hyster-
ectomy prevalence) populations as denominators and the number of incident cancers as numerators. Annual
percentage change in uterine cancer was estimated.
Results: Hysterectomy prevalence fell from 13% to 10% between 1996–2000 and 2011–2015, with the most
marked decline (from 20% to 6%) in the 50–54-year age group. After correction for hysterectomy prevalence,
age-standardized incidence of uterine cancer increased by 20–22%. Annual percentage change in incidence of
uterine cancer remained stable through the study period and was 2.2% (95%CI 1.8–2.7) and 2.1% (95%CI
1.7–2.6) for uncorrected and corrected estimates, respectively.
Conclusion: Uterine cancer incidence in Scotland corrected for hysterectomy prevalence is higher than estimates
using a total female population as denominator. The annual percentage increase in uterine cancer incidence was
stable in both uncorrected and corrected populations despite a declining hysterectomy prevalence. The rise in
uterine cancer incidence may thus be driven by other factors, including an ageing population, changing re-
productive choices, and obesity.

1. Introduction

Uterine cancer—or more specifically corpus uteri cancer—is the
most common gynaecological cancer and the fourth most common
cancer affecting women in the United Kingdom [1]. In the past 10 years
the incidence of uterine cancer in Scotland has increased by 32%, re-
presenting the greatest relative increase among all cancer types [2].
Similar trends have been reported in other developed countries. In the
United States of America, uterine cancer is set to become the third most
common female malignancy, surpassing lung and colorectal cancers
[3,4]. This increase in incidence is attributed to low-grade en-
dometrioid or type 1 cancers, thought to be driven by excess oestrogen
and insulin associated with obesity [5]. Several authors, however, have
highlighted that the changing patterns in hysterectomy could play an

important part in influencing time trends in uterine cancer [6,7]. In
Scotland, the numbers of hysterectomies performed for benign condi-
tions have more than halved since the mid-1990s [7], leaving a larger
population of women at risk of developing uterine cancer. Similar
patterns are seen in England and Wales [8].

Inclusion of women who have had a hysterectomy in the population
denominator leads to under-estimation of incidence and risk of uterine
cancer [9–11]. A lack of information regarding hysterectomy pre-
valence means that the total population of women is commonly used as
the denominator in estimates of uterine cancer incidence. Thus, the true
incidence of uterine cancer and accurate data on time trends are not
known. We have tested the hypothesis that correcting for changing
trends in hysterectomy prevalence will influence recent time trends in
uterine cancer incidence.
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2. Materials and methods

2.1. Data source

Mid-year population data in 5-year age groups for 1996–2015 were
provided by the National Records of Scotland [12]. As a consequence of
imprecise coding, epidemiological studies tend to use uterine canc-
er—i.e. malignant neoplasm of corpus uteri (C54) and malignant neo-
plasm of uterus, part unspecified (C55), a majority of which arise from
the endometrium—as the outcome of interest. Uterine cancer cases
were identified by ICD-10 (tenth revision of International Classification
of Diseases and Related Health Problems) codes of C54–55 and were
obtained by year of diagnosis (1996–2015) and 5-year age groups from
the Information Services Division (ISD), Scotland [2]. The study period
was chosen to reflect the recent reduction in numbers of hysterectomies
and to include the most recent data on cancer incidence.

As in many countries, data on the prevalence of hysterectomy in
Scotland are not available. Estimates of hysterectomy prevalence were
generated using the assumption that the prevalence in 1995 was similar
to that estimated in England and Wales [6]. The number of hyster-
ectomies carried out in Scotland between 1996 and 2015 by age group
and calendar year was obtained from the ISD, corresponding to the
Office of Population Censuses and Surveys (OPCS-4) codes for hyster-
ectomy Q07.2, Q07.4, Q07.5, Q08.2 and R25.1. These data were de-
rived from information regarding inpatient and day cases from publicly
funded hospitals in the Scottish Morbidity Records database, which
corresponds to the Hospital Episode Statistics databases in England and
Wales. A national linked database of general hospital discharge records,
cancer registrations and mortality records has been established in
Scotland by probability matching since 1981, while cancer registration
data are recorded and available from 1958 onwards [13,14]. More re-
cently, widespread use of the Community Health Index (CHI), a unique
national identifying number, has strengthened the reliability of these
data, with false-positive and false-negative linkages maintained below
1% [15].

2.2. Statistical methods

2.2.1. Estimation of hysterectomy prevalence and population at risk
The estimation of hysterectomy prevalence for each of the 5-year

periods and the subsequent estimation of the female population at risk
of uterine cancer were performed using the method described by Lyon
and Gardner [9]. The number of Scottish women who had a hyster-
ectomy prior to 1996 by 5-year age groups between 25 and 85+ years
was estimated by multiplying the number of women in Scotland derived
from mid-year population estimates by the hysterectomy prevalence

estimated for England and Wales in the same age group. The lower age
limit of 24 years was chosen to match estimates for England and Wales
[6]. The number of women who subsequently had a hysterectomy by
calendar year and age group was: (a) divided by the total female po-
pulation to provide estimates of hysterectomy prevalence, and (b)
subtracted from the number of women in the original cohort to provide
estimates of the population with an intact uterus and therefore at risk of
uterine cancer.

The proportions of women who had an intact uterus were estimated
by dividing the number of women estimated to have an intact uterus by
the whole population of women in the cohort in each 5-year stratum of
age and calendar period. These proportions were used as correction
factors and were multiplied by the mid-year population estimates for
each age group and calendar year for women aged ≥25 years in
Scotland between 1997 and 2015 to obtain estimates of the female
population at risk of uterine cancer. The latter step enabled changes in
population size and distribution from the original 1996 cohort to be
taken into account.

2.2.2. Estimation of uncorrected and corrected incidences of uterine cancer
and analysis of trends

The incidence of uterine cancer was estimated for each age group
and 5-year period. The number of cases of uterine cancer
(Supplementary Table 2) formed the numerator for estimates of in-
cidence, and the total female population was the denominator for un-
corrected estimates while the female population at risk was the de-
nominator for corrected estimates of uterine cancer incidence. Direct
standardization using the European Standard Population 2013 [16] was
used to generate age-standardized estimates.

The annual percentage change (APC) was estimated using JoinPoint
software using the Akaike Information Criterion model. A minimum of
zero joinpoints and a maximum of three joinpoints were allowed in the
regression to identify linearity of time trends [17]. Mid-year age-stan-
dardized incidence of uterine cancer was used as the dependent vari-
able, and calendar year was used as the independent variable in the
regression models. The analysis was carried out using Rx64 3.3.3 and
JoinPoint regression software (Desktop version 4.5.0.1). Methodolo-
gical details are included in the Supplementary Material.

3. Results

Hysterectomy prevalence among all women aged ≥25 years in
Scotland was estimated to be 13% in 1996–2000 and 10% in
2011–2015 (Table 1). The proportions of women who had a hyster-
ectomy decreased over time in younger women (for example from 20%
to 6% for women 50–54 years of age, but increased in women>64

Table 1
Estimated proportions of women aged ≥25 years in Scotland who had a hysterectomy by 5-year age group from 25 to 29 to 85+ and 5-year periods between 1996
and 2015.

Age group Percentage prevalence of hysterectomies in females in Scotland

1996–2000 2001–2005 2006–2010 2011–2015

25–29 0.3 0.1 0 0
30–34 1.6 0.5 0.2 0.1
35–39 5 2 0.7 0.3
40–44 10.4 5.4 2.4 1
45–49 16.1 11 6 2.7
50–54 20.2 16.4 11.2 6.2
55–59 20.3 20.4 16.6 11.4
60–64 19.1 20.5 20.5 16.8
65–69 18.2 19.2 20.6 20.7
70–74 17.7 18.3 19.4 20.8
75–79 17 17.8 18.4 19.5
80–84 15.5 17.1 17.9 18.5
85+ 13.2 15.5 17.1 17.9
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years of age: for example from 18% to 20% in women of 70–74 years of
age between 1996–2000 and 2011–2015. The numbers of incident
uterine cancers increased by 40%, from 2,432 cases in 1996–2000 to
3,973 cases in 2011–2015.

3.1. Corrected and uncorrected incidences of uterine cancer

Before correction, uterine cancer incidence per 100,000 women
increased from 20.5 (95%CI 19.7–21.3) in 1996–2000 to 28.4 (95%CI
27.5–29.3) in 2011–2015. Following correction for hysterectomy pre-
valence, the age-standardized incidence of uterine cancer was 20–22%
higher over all time periods (Table 1, Fig. 1).

The uncorrected increase in incidence between the first and last 5-
year calendar period was 39%. After correction, the incidence of uterine
cancer increased by 36% from 25/100,000 (95%CI 24–26) women in
1996–2000 to 34/100,000 (95%CI 33–35) in 2011–2015 (Table 1).
This discrepancy between uncorrected and corrected time trends re-
flects the decrease in prevalence of hysterectomy over time and a
smaller difference between the whole female population and the female
population at risk in the latter time periods. The peak age of uterine
cancer incidence increased from 60 to 64 years in 1996–2001 to 70–74
years in 2011–2015 (Fig. 1).

The joinpoint regression analysis did not identify any joinpoints,
demonstrating that the annual rate of increase in uterine cancer in-
cidence was linear throughout the study period. Fig. 2 shows time
trends in uterine cancer incidence from 1996 to 2015 before and after
correction for hysterectomy prevalence. The APCs were 2.2% (95%CI
1.8–2.7) in uncorrected incidence and were slightly lower at 2.1%
(95%CI 1.7–2.6) in corrected incidences (Table 2).

4. Discussion

Hysterectomy prevalence decreased between 1996 and 2015 in
Scotland, resulting in a higher proportion of women at risk of uterine
cancer. Correcting female population estimates for hysterectomy pre-
valence revealed an increase in estimated uterine cancer incidence by
22% between 1996 and 2010 and by 20% between 2011 and 2015.
However, correcting for changing hysterectomy prevalence had little
effect on time trends of uterine cancer estimates.

Patterns of changing prevalence of hysterectomy varied with age.
Estimated hysterectomy prevalence between 1996 and 2015 decreased
among women<65 years old while increasing in older women as a
consequence of the age-period-cohort effect [18,19]. Hysterectomy
prevalence was particularly high in the cohort born in 1942–1950 and
likely to have undergone a hysterectomy between 1982 and 2000;
hysterectomies were commonly performed among women aged 40–50
years [6].

Approximately 60% of British women with heavy menstrual
bleeding referred to a gynaecologist underwent a hysterectomy prior to
1991 [20]. Subsequent introduction of effective non-surgical ther-
apies—including endometrial ablation and the levonorgestrel-releasing
intrauterine coil—resulted in a reduction in hysterectomies. The annual
number of hysterectomies performed in England fell by two thirds be-
tween 1995 and 2005 [8].

The hysterectomy prevalence estimates obtained in Scotland were
lower than those reported by previous UK studies in earlier time periods
[6], and were half the prevalence reported by a recent German study
[21]. These differences could be due to time trends described above,
and lower starting hysterectomy prevalence and/or a sharper decrease
in hysterectomy incidence over time in Scotland.

Fig. 1. Age-specific uterine cancer incidence in Scotland for 1996–2001 and 2011–2015, uncorrected and corrected for the prevalence of hysterectomy.

Fig. 2. Annual age-standardized incidence of uterine cancer before and after correcting for hysterectomy prevalence for the study period (1996–2015.).
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The estimates of uncorrected and corrected uterine cancer incidence
obtained were higher than those estimated for England and Wales for
1971–1992. Redburn and Murphy report a corrected uterine cancer
incidence of 16/100,000 women in England and Wales in 1992 [6],
compared with 21/100,000 women in our study in 1996–2000. This
increase is in keeping with reported trends in UK uterine cancer in-
cidence. The effects of correcting for hysterectomy on uterine cancer
incidence appear to have remained constant at 17–22% over the time
period covered by the two studies. This finding suggests that factors
other than changing hysterectomy prevalence—e.g. rising trends in
obesity and diabetes, global changes in reproductive choices (i.e. nul-
liparity [22])—are contributing to the increasing incidence and risk of
uterine cancer over time. In Finnish populations, correcting for hys-
terectomy resulted in a 29% increase in the incidence of uterine cancer.
In Finland, uncorrected uterine cancer rates showed a plateau in the
1980s, not seen in corrected rates, which was explained by the in-
creasing prevalence of hysterectomy [23]. These are converse to our
findings in Scotland where time trends in uncorrected and corrected
incidences were similar, thus reiterating the possible causative role of
obesity in increasing uterine cancer incidence.

Our findings differ from those of American studies that reported
corrected incidence rates of uterine cancer of 57–66/100,000 women,
almost double the reported rate in Scotland [24]. The increase fol-
lowing correction for hysterectomy prevalence ranged from 65% to
73% in white, non-Hispanic women, and up to 93% in black non-His-
panic women [25,26]. This difference emphasizes the potential sig-
nificant underestimation of uterine cancer in a population where hys-
terectomies are commonly performed.

This study is the first to estimate uterine cancer incidence corrected
for hysterectomy prevalence in Scotland where the rates of hyster-
ectomy have more than halved in the last 15 years [7]. A strength of
this study is the robust national population-based data capture, coding
and linkage of uterine cancer cases, and hysterectomy procedures.
Hospital admissions and surgical procedures, including hysterectomy,
are recorded for all patients admitted to Scottish National Health Ser-
vice (NHS) hospitals. The quality of cancer registration data in Scotland
is believed to be comparatively high [27]. This is based on routinely
available indicators and studies of completeness of case ascertainment
[28] and data reliability [29]. Recent quality assurance data suggest
that in hospital discharge records coding of clinical conditions and
procedures is maintained at an accuracy of 89–94% [30]. Uterine
cancer was used as the main outcome, incorporating both malignant
neoplasm of the corpus uteri (C54) and malignant neoplasm of uterus
part unspecified (C55), as a large proportion of cancers of the uterus are
described as ‘not specified’. Neoplasm of the corpus uteri is a more
precise code for uterine or endometrial cancer, because the malignant
neoplasm of the ‘uterus, part unspecified’ code may incorporate cancer
of the cervix. However, in a sensitivity analysis limited to cases coded
as corpus uteri (C54), the percentage increase from uncorrected to
corrected incidence was identical at 20–22%.

A limitation of this study in the estimation of hysterectomy pre-
valence is the use of the Lyon and Gardner approach [9] which assumes
a static population and that hysterectomy prevalence at the start of
1996 in Scotland would be similar to that in England and Wales. The
correction factors derived were obtained using an index population

originating from the population in the first year of interest from which
women who have had hysterectomies in subsequent years are cumu-
latively excluded. Unfortunately we were unable to find a source of data
that would have allowed us to validate our estimates of hysterectomy
prevalence. This approach does not permit a completely accurate esti-
mate of time at risk because all estimates were based on calendar years
rather than using exact dates. Women who have a hysterectomy for
uterine cancer are included in the numerator in the year in which the
cancer was recorded and are excluded from the denominator (and nu-
merator) for the subsequent year. Joinpoint regression aims to identify
time points where trends change. Although this analysis applies only to
annual percentage change, and prevalence change was not carried out
from one period to the next, prevalence change had been accounted for
during the estimation of incidence. Finally, ISD data are collected from
publicly funded NHS hospitals and information on the anecdotally
small number of hysterectomies carried out privately were not avail-
able.

This study has shown that the incidence of uterine cancer is sig-
nificantly underestimated when hysterectomy prevalence is not taken
into account. However, even after adjusting for hysterectomy pre-
valence, the incidence of uterine cancer has increased by 36% between
1996 and 2015. Thus, the increase in uterine cancer incidence must
have other causative factors. Ageing of the population contributes to
increasing numbers of incident cases over time but does not influence
age-standardized rates. As hysterectomy prevalence decreased over
time, the relative difference between uncorrected and corrected esti-
mates of incidence declined slightly but still remained around 20%.
While we anticipated that correcting for declining hysterectomy pre-
valence would result in a larger female population at risk and thus a
greater annual percentage increase in incidence, the annual percentage
change remained stable over the study period. Consequently, while
uterus-sparing therapies and a decrease in hysterectomy prevalence
have contributed to the recent increase in uterine cancer incidence in
Finland, this is not the case in Scotland. It is instead likely that the
obesity epidemic is a key driver in the upsurge of uterine cancer cases.

Another factor to consider is that the recent decline in hyster-
ectomies has not yet affected the age group where uterine cancers
occur. Women born after 1955, who have undergone the lowest number
of hysterectomies, are approaching the peak age (60–69) for first di-
agnosis of uterine cancer. Thus, the impact of declining hysterectomy
prevalence may be impending. A further explanation for our findings is
that morbidly obese women who are at the highest risk of uterine
cancer are the least likely to be offered a hysterectomy for benign
causes, because of increased surgical morbidity.

We have demonstrated the importance of using a corrected female
population denominator—by excluding women who have had a hys-
terectomy—in providing more accurate estimates of uterine cancer in-
cidence in Scotland. Ongoing research is required to establish the
longer-term consequences of the reducing prevalence of hysterectomy,
particularly as the cohort of women among whom it will have the most
impact reaches the age at which uterine cancer incidence is highest.
Identifying effective approaches to the prevention and management of
obesity remains an important challenge to thwart further increases in
uterine cancer incidence.

Table 2
Age-standardized incidence of uterine cancer per 100,000 female population for each 5-year period between 1996 and 2015 in Scotland before and after adjusting for
hysterectomy prevalence and absolute and relative increases after correction.

Five-year period Uncorrected incidence/100,000
(95%CI)

Corrected incidence/100,000
(95%CI)

Absolute change (increase) after correction/
100,000

Percentage increase after correction
(%)

1996–2000 20.5 (19.7–21.3) 25.0 (24.0–26.0) 4.5 22
2001–2005 22.6 (21.8–23.5) 27.6 (26.6–28.6) 5.0 22
2006–2010 25.0 (24.2–25.9) 30.4 (29.4–31.5) 5.4 22
2011–2015 28.4 (27.5–29.3) 34.1 (33.0–35.2) 5.7 20
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