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Objectives. We examined the cessation of hormone replacement therapy (HRT)
among British women, by educational level, social class, and cardiovascular risk
factors, at the time of publicity about 2 clinical trials of HRT that were halted after
adverse findings.

Methods. A total of 1387 women aged 57 years reported their monthly HRT
use between January 2002 and February 2003. A succession of regression-based
time-series models were fitted to detect changes in the proportion of HRT users
stratified by education level, social class, hypertension, and obesity.

Results. The overall percentage of HRT users declined from 31% in January
2002 to less than 26% by February 2003. Changes in trends of HRT use were first
detected in June 2002 (for women with advanced secondary educational quali-
fication or higher) and in July 2002 (for all other groups). The rate of decline was
greatest for women with no formal educational qualifications, from the manual
social class, or who were hypertensive or obese.

Conclusions. These decreases coincided with the announced cessation of a large
US clinical trial of HRT. This publicity may have had a differential influence on the
immediate decline in HRT use by various groups of British women. (Am J Public
Health. 2006;96:1219–1225. doi:10.2105/AJPH.2005.071332)

Cessation of Hormone Replacement Therapy 
After Reports of Adverse Findings From Randomized 
Controlled Trials: Evidence From a British Birth Cohort
| Gita Mishra, PhD, Helen Kok, PhD, Russell Ecob, MSc, Rachel Cooper, MSc, Rebecca Hardy, PhD, and Diana Kuh, PhD

influenced the decision of those on HRT to
discontinue treatment. For example, in Aus-
tralia the sales of most commonly prescribed
HRT preparations declined by 30% within 5
weeks of the initial press release.4 As a con-
sequence of the results from the WHI study,
in October 2002 the UK Medical Research
Council (MRC) decided to stop the Women’s
International Study of Long Duration Estro-
gen After Menopause (WISDOM) trial, for
which recruitment had started in 1999.6

We examine the timing and magnitude of
cessation trends for HRT use by social class
and educational level among British women
between January 1999 and February 2003
and estimate the immediate effect of public-
ity surrounding the early termination of
these trials. Because reports of the WHI trial
may have indicated an increased risk of car-
diovascular disease (CVD) that was contrary
to expectations,7 trends in HRT use were
also investigated by level of CVD risk as
characterized by blood pressure and body
mass index.

METHODS

The MRC National Survey of Health and
Development (NSHD), also known as the 1946
British Birth Cohort, is a longitudinal study of
health based on a social class–stratified ran-
dom sample of 5362 singleton births in En-
gland, Scotland, or Wales during the first
week of March 1946. A total of 2547
women and 2815 men have been followed
up regularly since their birth.8 The cohort is
still generally representative of the population
born in Britain at that time.9

At the time of their 57th birthday in March
2003, 1387 female study members com-
pleted a short postal questionnaire to deter-
mine menopausal status and HRT use. They
had previously completed similar postal ques-
tionnaires annually between 1993 and 2000
providing monthly histories of HRT use.8 For
the purpose of updating these histories,
women were asked if they had taken HRT
since January 1999. They indicated HRT use
by ticking the corresponding boxes on a

Previous articles have examined the prob-
lematic issue of reporting results from med-
ical research in ways that do not provoke
detrimental public health outcomes.1–3 For
instance, controversy and confusion arose
among the UK public after reports of a link
between autism/bowel syndrome and the
triple measles, mumps, and rubella vaccine.1,2

It led to a marked drop in vaccination rates
among children and a consequent increased
risk of these diseases.1 In July 2002, another
debate, this one surrounding HRT for meno-
pausal women, occurred. The National Insti-
tutes of Health issued a press release an-
nouncing that after 5.6 years they had
prematurely stopped the American Women’s
Health Initiative (WHI), a major clinical trial
examining the risks and benefits of combined
estrogen and progestin treatment. The press
release reported the relative change in risk
for a range of health outcomes among
women on HRT compared with those of the
placebo group, including a “41% increase in
the risk of strokes,” “a doubling of the rates
of venous thromboembolism,” and “a 26%
increase in the rates of breast cancer.”3 Al-
though they also reported the absolute
change, for instance that among 10000 post-
menopausal women on the type of HRT
studied, 8 more would have breast cancer, it
was the relative percentage change that
made the headlines.4 The press release omit-
ted confidence intervals for the results, al-
though these were reported in the supporting
peer-reviewed paper a week later.5 At least 1
media commentator suggested that the per-
centage change in risk could easily be misin-
terpreted in absolute terms, so that women
on HRT might conclude that they had a
24%, or nearly 1 in 4 chance of developing
breast cancer.4

Unsurprisingly the reports not only caused
alarm among women but also may have
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monthly calendar that covered the preceding
26 months, from January 1999 (aged 53
years) to February 2003 (aged 56 years).
The sample represented 80% of eligible
women still in contact with the study and
55% of the original cohort. Women not eligi-
ble for the study had already died (8% of
original cohort), lived abroad (8%), were un-
traced (4%), or had previously refused to take
part (16%).

Study members were grouped into the
nonmanual or manual social classes on the
basis of their current or last occupation
when aged 53 years, using the British Regis-
trar General’s social class classification. A
second measure of social class was obtained
on the basis of the occupation of the head of
household when the women were aged 43
years. Educational qualifications of the
women by the age of 26 years were grouped
into no qualifications, up to ordinary second-
ary qualifications (“O”-levels, usually at-
tained at the age of 16 years, and their train-
ing equivalents), advanced secondary
qualifications (“A”-levels, usually attained at
the age of 18 years, or degree level and their
equivalents).10

The women were also grouped according
to 2 indicators of CVD risk: body mass index
and blood pressure. At a home visit when the
women were aged 53 years, nurses measured
height and weight according to a standard-
ized protocol, and body mass index was cal-
culated (weight/height2), with obesity defined
by body mass index of 30 kg/m2 or greater.
During the same home visit, blood pressure
was measured twice, with the survey member
seated and after 5 minutes of rest, with an
Omron HEM-705 automated digital oscillo-
metric sphygmomanometer (Omron, Tokyo,
Japan); the second blood pressure reading
was used for this analysis.11 Subjects were de-
fined as hypertensive if their systolic blood
pressure was greater than 140 mm Hg or
their diastolic blood pressure was greater
than 90 mm Hg, or if they reported taking
medication for hypertension.12

Statistical Methods
The proportion of women using HRT per

month, pt, was calculated for the whole sam-
ple and for each category of social class, edu-
cational level, hypertension, and obesity sta-

tus, where the discrete variable t=1 to 14
enumerated the months from January 2002
to February 2003. The outcome variable was
the logit of pt defined as yt =log(pt/[1 − pt ]).
A regression-based time series (first-order au-
toregressive) change point (2-phase) model
was fitted with maximal likelihood estimation
separately to each social class, education, hy-
pertension, and obesity category.13 Because
the model was fitted to the logit transforma-
tion of pt, the parameter estimates can be in-
terpreted as odds ratios.14

To test for change in the monthly use of
HRT from any specific month onward (step
change), we created a binary dummy vari-
able sm, corresponding to the month tm at
which a change was hypothesized to have oc-
curred, taking the value 0 when t< tm and 1
when t ≥ tm. In this model, for example, the
discrete variable tm =6 to 10 indexed the
months from June 2002 to October 2002,
the period during which a change in use
would be expected if the publicity surround-
ing the trials had an effect. Another dummy
variable um was created to test if a unique
change had occurred in the month t; this var-
iable took the value 0 when t ≠ tm and 1
when t= tm. Higher-order polynomial terms
were created, for example, the quadratic
term for the first section (which covered
months before tm ) was tf 2 =(t– tm )2, where t
ranged over all 14 time points. All quadratic
and cubic terms were standardized for ease
of interpretation. The interaction of the
higher-order terms with the dummy variable
sm then represented the change in the higher-
order term between the 2 sections of the
data (months before tm and months including
and after tm ). An odds ratio of less than 1 for
any of these interactions represented a de-
crease in this term describing the period be-
tween the earlier (months before tm ) and
later (months including and after tm ) periods.
So that the change in the linear coefficient
(the parameter of interest) could be correctly
assessed in the presence of higher-order
terms in the model, we included all signifi-
cant (P< .05) higher-order terms as well as
all interactions with the dummy variable. We
fitted a separate model for every tm. The
magnitude of change in HRT use between
the subgroups was compared with the Stu-
dent t test.

RESULTS

Compared with nonparticipants from the
original cohort, respondents were more likely
to be from the nonmanual social class (73.3%
vs 63.7%) and were more likely to have ad-
vanced secondary or higher educational qual-
ifications (31.6% vs 17.4%). Over the study
period from January 1999 until May 2002
the overall percentage of HRT users was rea-
sonably constant (between 30% and 32%),
but declined thereafter to less than 26% by
February 2003 (Figure 1).

Over the entire study period, the group of
women with no formal educational qualifica-
tions consistently had the lowest percentage
of HRT users (Figure 2). The proportion of
women on HRT with ordinary secondary
qualifications was higher than that of those
with advanced secondary qualifications (with
the exception of April to May 2000, not
shown). In the last 14 months of the study
period shown in Figure 2, the proportions on
HRT in all 3 educational groups had de-
clined by approximately 5% from January
2002 to February 2003; for instance, the
proportion of women with no formal educa-
tional qualifications using HRT dropped from
28% to 23%.

The proportion of women on HRT from the
manual social class group (based on their cur-
rent or last occupation at the age of 53 years)
was consistently lower than that of the non-
manual group (the difference ranging from
3% to 9%), and the greatest decline in HRT
use occurred in the manual group, from more
than 28% down to 22% after November
2002. In the last 14 months of data shown in
Figure 2, the difference between these groups
was more than 6% after August 2002.

For the period starting January 2002, the
regression-based time-series change point
models were fitted to the distribution of the
proportions of HRT users stratified by educa-
tional qualification level and social class group
(Table 1). There was evidence for differences
in the timing and magnitude of trend changes
for women with different levels of educational
qualifications (Table 1). Among women with
no formal qualifications, the largest decline in
the linear coefficient occurred in July (odds
ratio [OR]=0.64; 95% confidence interval
[CI]=0.58, 0.71), compared with other
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FIGURE 1—Monthly percentage of hormone replacement therapy users (women aged 53 to 56 years) in the Medical Research Council National
Survey of Health and Development between January 1999 and February 2003.

months, as well as a significant unique change
(OR=0.82; 95% C=0.77, 0.87). The odds
ratio of less than 1 for the change in linear
trend indicated a steeper decrease in HRT use
after July than before. Both the unique change
and the linear trend change were greater than
those observed in other educational groups
(P<.001). Among women with up to ordinary
secondary qualifications, a unique change also
occurred in July (OR=0.94; 95% CI=0.90,
0.98). By contrast, for women with advanced
secondary or higher qualifications, significant
changes in linear trend and a step change for
the decline in HRT use occurred earlier, in
June (OR=0.79; 95% CI=0.72, 0.87; and
OR=0.86; 95% CI=0.79, 0.93, respectively),
which is the earliest month that was tested in
this analysis.

A decline in the linear trend in HRT use
was detected in July for women from both
social classes as defined by the head of
household; however, the decline was greater
(P<.001) for the manual group than for the
nonmanual group (OR=0.69; 95% CI=

0.65, 0.75; and OR=0.84; 95% CI=0.79,
0.90, respectively). Similar results (not shown)
were obtained when we used social class as
defined by the women’s own occupational
class at the age of 53 years.

The proportion of women with hyperten-
sion on HRT ranged from 29.5% in January
2002 to 23.5% in February 2003. These
proportions were consistently lower than
those of the nonhypertensive group (the dif-
ference ranging from 2.6% to 5%). The pro-
portion of obese women on HRT ranged
from 24.7% in January 2002 to 20.1% in
February 2003, whereas the proportion of
nonobese women ranged from 34.9% to
28.6% during the same period (results not
shown). For women with different levels of
CVD risk, declines in the linear trend for
HRT use were again only detected for July
(Table 2). Significant differences (P<.05)
were found in the magnitude of these
changes for women with hypertension (OR=
0.75; 95% CI = 0.69, 0.82) compared with
the nonhypertensive group (OR = 0.84;

95% CI = 0.78, 0.89). Similarly, the magni-
tude of linear trend decline was greater
(P < .0001) for obese women than for the
nonobese group (OR = 0.66; 95% CI = 0.61,
0.72 and OR = 0.82; 95% CI=0.76, 0.89,
respectively).

DISCUSSION

This study of women from a nationally rep-
resentative cohort found that over the study
period from January 1999 until March 2002,
the overall percentage of HRT use was rea-
sonably constant (between 30% and 32%)
but declined thereafter to less than 26% by
February 2003. Analysis for the last 14
months of the study from January 2002 to
February 2003 detected differences in the
timing of significant changes in the trend ac-
cording to educational level. For women with
no formal educational qualifications and
those with no higher-than-secondary qualifi-
cations, a significant change in the trend,
marking the onset of a steeper decline in
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FIGURE 2—Monthly percentage of hormone replacement therapy users (women aged 55 to 56
years) in the Medical Research Council National Survey of Health and Development between
January 1999 and February 2003, by educational level (a) and adult social class (b).

HRT use, occurred in July 2002. The signifi-
cant change in trend among women with ad-
vanced secondary or degree qualifications
was detected 1 month earlier, in June 2002.
In addition, among women with no formal

educational qualifications and among those in
the manual social class, the magnitude of de-
cline in linear trend was larger than that
among women in the other respective com-
parative groups.

These changes for July coincide with the
cessation of the US-based WHI trial of HRT,
in which reports highlighted the relative per-
centage increase in risk of disease, such as
breast cancer. The disparity in the timing of
changes by educational level may be caused
by variation in measurement errors in the re-
porting of hormone use by women with dif-
ferent educational levels. It may also be possi-
ble that the differential across groups in the
timing and magnitude of changes in HRT use
reflects underlying differences in the influ-
ence and sources of information from the
media and elsewhere. The general media in
the United Kingdom did not report the cessa-
tion of the trial until July and August 2002,
after a press release on July 9, 2002,3 but
the decision to halt the WHI trial was made
by the study’s Data and Safety Monitoring
Board on May 30, 2002, and came into ef-
fect in June 2002.3,15

More generally, regarding HRT use across
social classes, it was found that from the be-
ginning of the study period (when women
were 53 years of age) to the end of the pe-
riod (when they were 56 years of age), the
proportion of women on HRT in the NSHD
study was significantly higher among those
in the nonmanual social class group than
among those in the manual group and was
higher among those with formal educational
qualifications than among those without.
This agrees with a conjecture from earlier re-
search16 on this cohort that greater relative
HRT use would occur as a preventive mea-
sure in the nonmanual social class group as
the cohort aged, despite higher use in order
to relieve symptoms among the manual group
before they were 50 years of age. However,
for all social class and educational groups we
found a significant decline in the overall pro-
portion of women using HRT over the last
14 months of observations.

In terms of a differential impact of the re-
ports from the WHI study on women at risk
of CVD, we found that although the timing
of changes in HRT coincided with the cessa-
tion of the WHI trial of HRT in July, differ-
ences existed in the magnitude of the linear
trend change. Women from at-risk groups, as
defined by having hypertension or being
obese, reported a larger decline in the trend
of HRT use than their respective comparative
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TABLE 1—Odds Ratios (95% Confidence Intervals) Corresponding to Hormone Replacement Therapy by Educational 
Qualifications and Social Class of Head of Household, From Time Series Analysis: United Kingdom, June and July 2002a

Educational Qualifications Social Class of Head of Household

Up to Ordinary  Advanced Secondary or 
No Formal Qualifications Secondary Qualifications Higher Qualifications Manual Nonmanual

OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P

June

Trend over time

Linear 1.12 (0.70, 1.79) .6 1.10 (0.90, 1.35) .3 1.21 (1.1, 1.34) .009

Quadratic 1.05 (0.88, 1.25) .5 1.05 (0.97, 1.13) .2 1.08 (1.04, 1.13) .006

Cubic 1.01 (0.99, 1.03) .5 1.01 (1.00, 1.01) .2 1.01 (1, 1.01) .005

Step change 0.97 (0.68, 1.40) .9 0.90 (0.76, 1.06) .2 0.86 (0.79, 0.93)* .008*

Unique change 0.85 (0.71, 1.01) .1 1.05 (0.98, 1.12) .2 1.01 (0.97, 1.05) .8

Change in

Linear term 0.85 (0.53, 1.37) .5 0.92 (0.75, 1.12) .4 0.79 (0.72, 0.87)* .003*

Quadratic term 0.95 (0.79, 1.13) .5 0.94 (0.87, 1.02) .1 0.92 (0.89, 0.96) .006

Cubic term 0.99 (0.98, 1.01) .6 1 (0.99, 1) .3 0.99 (0.99, 1) .006

July

Trend over time

Linear 1.18 (1.09, 1.28) .01 1.05 (0.99, 1.11) .2 1.04 (0.94, 1.16) .4 1.21 (1.15, 1.28) .002 1.07 (1.02, 1.12) .04

Quadratic 1.05 (1.03, 1.08) .01 1.03 (1.01, 1.04) .04 1.02 (0.99, 1.05) .2 1.07 (1.05, 1.09) .001 1.02 (1.01, 1.04) .03

Cubic 1.01 (1.00, 1.01) .01 1.003 (1.001, 1.004) .03 1.002 (0.998, 1.005) .3 1.01 (1.01, 1.01) .001 1 (1, 1) .05

Step change 1.05 (0.97, 1.13) .2 0.99 (0.93, 1.05) .7 0.91 (0.83, 1.01) .1 0.97 (0.91, 1.02) .2 0.99 (0.95, 1.04) .7

Unique change 0.82 (0.77, 0.87)* .002* 0.94 (0.9, 0.98)* .04* 0.95 (0.88, 1.02) .2 0.86 (0.82, 0.89)* .002* 0.92 (0.89, 0.96)* .009*

Change in

Linear term 0.64 (0.58, 0.71)* <.001* 0.92 (0.86, 0.99) .07 0.92 (0.84, 1.02) .1 0.69 (0.65, 0.75)* <.001* 0.84 (0.79, 0.9)* .004*

Quadratic term 1.01 (0.98, 1.04) .5 0.97 (0.95, 0.99) .04 0.98 (0.94, 1.01) .2 0.96 (0.94, 0.98) .01 1 (0.98, 1.01) .6

Cubic term 0.99 (0.99, 0.99) .002 0.998 (0.996, 1.00) .1 0.998(0.996, 1.002) .4 0.99 (0.99, 0.99) <.001 1 (1, 1) .02

Note. OR = odds ratio; CI = confidence interval.
aFor clarity of presentation, results were presented only for months where significant changes in HRT use occurred.
*P ≤ .05 for parameters of interest only (step change, unique change, and change in linear term).

groups. The differential was greater between
obese and nonobese women, possibly be-
cause obese women may be more aware of
their clinical characteristics than those with
hypertension. The results are consistent with
at-risk women being more alarmed by the un-
expected CVD results from the WHI trial and
reinforces the need to address the potentially
heightened concerns of at-risk groups.

In studies in New Zealand and the United
States, far greater reductions in HRT use
were reported in the 6 months following the
cessation of the US WHI study than was evi-
dent in this study. The New Zealand sample
consisted of women who were ineligible for,
or withdrew their participation from, the
New Zealand arm of the WISDOM study.17

Women from a large US health maintenance

organization completed a survey about HRT
use after receiving information on the results
of the WHI shortly after its discontinuation.18

Data from US prescription databases showed
a steep decline in the number of HRT pre-
scriptions and tapering to lower doses after
July 2002.19 Differences in study design com-
plicate interpretation of the various results.

Although the results from the NSHD study
also indicate evidence of a decline in HRT
use that coincided with the cessation of the
WHI trial and its coverage in the media, the
impact of this news may have taken place
during a more general period of decline in
HRT use, and its effects may have simply
hastened or sharpened what would have oc-
curred in any case. No evidence was found re-
garding the effect of the announced cessation

of the WISDOM trial in the United Kingdom
in producing further declines in HRT use.

A potential limitation of this study is that all
women were of the same age; therefore, it re-
mains unclear whether the effect was different
in other age groups. The influence on the pat-
tern of use among younger women about to
embark on HRT may have been greater than
that among older women, who perhaps were
more committed to long-term use. Alterna-
tively, it may be that a drop in HRT use at ap-
proximately 56 years of age would be ex-
pected, even without negative publicity for
HRT, as women complete the menopause
transition and the risk of vasomotor symptoms
is reduced. However, data on HRT use in
UK women do not suggest a distinct drop in
HRT use at approximately 56 years of age.20
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TABLE 2—Odds Ratios (95% Confidence Intervals) Corresponding to Hormone Replacement Therapy 
by Cardiovascular Risk Factors, From Time Series Analysis: United Kingdom, July 2002a

Blood Pressure Group BMI Group

Hypertensiveb Nonhypertensive Obese (BMI ≥ 30 kg/m2) Nonobese (BMI < 30kg/m2)

OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P

July

Trend over time

Linear 1.07 (1, 1.15) .09 1.12 (1.06, 1.18) .01 1.28 (1.19, 1.37) .002 1.08 (1.01, 1.14) .05

Quadratic 1.02 (0.99, 1.04) .1 1.05 (1.03, 1.07) .004 1.08 (1.06, 1.11) .001 1.03 (1.01, 1.05) .03

Cubic 1.0001 (0.998, 1.004) .2 1.01 (1.003, 1.004) .004 1.007 (1.005, 1.009) .002 1.003 (1.001, 1.005) .03

Step change 1.09 (1.02, 1.16)* .04* 0.95 (0.9, 1) .1 0.96 (0.89, 1.02) .2 1 (0.94, 1.06) .9

Unique change 0.83 (0.79, 0.88)* .002* 0.94 (0.9, 0.98)* .03* 0.86 (0.82, 0.91)* .004* 0.9 (0.86, 0.95)* .01*

Change in

Linear term 0.75 (0.69, 0.82)* .002* 0.84 (0.78, 0.89)* .005* 0.66 (0.61, 0.72)* < .001* 0.82 (0.76, 0.89)* .005*

Quadratic term 1.02 (1, 1.05) .09 0.96 (0.94, 0.98) .01 0.95 (0.92, 0.97) .007 0.99 (0.97, 1.01) .5

Cubic term 0.995 (0.992, 0.997) .01 0.9995 (0.994, 0.997) .006 0.99 (0.99, 0.99) .002 1 (0.99, 1) .009

Note. OR = odds ratio; CI = confidence interval; BMI = body mass index.
aFor clarity of presentation, results were presented only for months where significant changes in HRT use occurred.
bSystolic blood pressure > 140 mm Hg or diastolic blood pressure > 90 mm Hg, or taking medication for hypertension.
*P ≤ .05 for parameters of interest only (step change, unique change, and change in linear term).

Another limitation may be the use of self-
reported data from the NSHD; however, a
previous study has found high validity for self-
reported HRT use when compared with popu-
lation-based prescription databases as a refer-
ence.21 Women in our study were accustomed
to providing monthly HRT histories on postal
questionnaires completed annually when they
were aged between 47 and 54 years, and this
should be more sensitive in detecting immedi-
ate responses than other studies that have
used routine prescribing data. Reports of HRT
use on overlapping months from the question-
naires completed when participants were aged
53 or 54 years and the questionnaire com-
pleted when they were aged 57 years indi-
cated fair to good level of agreement (κ statis-
tics ranged from 0.45 to 0.6). A sensitivity
analysis whereby information from the 2% of
women (n=26 to 33) who provided inconsis-
tent data on HRT use was excluded did not
change the final results. However, it is possible
that differential misreporting of HRT use oc-
curred across the categories of educational
level, social class, and CVD risk. It was not pos-
sible to report on any decline in dose of HRT
among users, because this data was not avail-
able from January 1999 to February 2003.

These results highlight the need for health
professionals to pay heed to the potential

public health implications of reporting results
from clinical trials to the media. Furthermore,
they should be aware that such reports can
have differential effects across educational,
socioeconomic, and clinically at-risk groups.
These may reflect underlying differences in
attitudes toward the treatment under investi-
gation, its associated risks, and the varied
influence of media coverage and sources of
information.
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