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A bout 1% of the general population receives systemic glu-
cocorticoids.1,2 Long-term oral glucocorticoid prescrip-

tions have increased by 34% over the past 20 years.1 Most
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Abstract: About 1% of the general population receives long-term

systemic glucocorticoids. The monitoring provided to these patients is

unknown.

We conducted a population-based cohort study using The Health

Improvement Network database. A total of 100,944 adult patients

prescribed systemic glucocorticoids for >3 months between January

2000 and December 2012 were studied. The monitoring done before

prescribing glucocorticoid therapy and during exposure to the drug was

examined. This included measurement of body weight, blood pressure,

lipids, glucose and potassium levels, referrals for dual-energy X-ray

absorptiometry (DEXA-scan) or to an ophthalmologist/optician, and

vaccinations. We assessed factors associated with the odds of being

monitored before and during exposure.

Before glucocorticoid initiation, weight and blood pressure were

monitored in < 20% and < 50% of patients, respectively. Glucose and

lipid levels were monitored in less than one-third of the patients, while

DEXA-scan and eye monitoring were offered to <15% of them.

Vaccination against flu and pneumococcus was given to 57% and

46% of the patients, respectively. During exposure to the drug,

<60% of patients who were prescribed the drug for more than a year

had their weight, glucose, or lipid levels recorded at least once and

<25% of patients were referred at least once for DEXA-scan or

screening for eye diseases. Overall, the odds of being monitored were

higher in older patients and in those with comorbidities. There were

variations in the level of monitoring provided across the UK, but the

monitoring has improved over the last 12 years.

Although the extent of monitoring of people on long-term gluco-

corticoids has improved over time, the overall monitoring provided is

not satisfactory, particularly in young patients and those without

comorbidities.

(Medicine 94(15):e647)

INTRODUCTION
n, PhD, and Irwin Nazareth, MD, PhD

patients exposed to the drug for many months or years are at
high risk of developing adverse events. Apart for osteoporosis,
little data are available on the best way to prevent or manage
other glucocorticoid-induced adverse events. For example,
there is little focus on the prevention and management
of neuropsychiatric disorders, lipodystrophic features, or
cutaneous disorders even though they occur in nearly 50% of
the patients.3 This lack of scientific data could explain the wide
variability in the advice and monitoring offered by physicians
who prescribe glucocorticoids to patients. Whilst some recom-
mend a low-sodium, high-protein, and low-sugar diet, others do
not.4,5 Similarly, some offer advice on regular physical exercise
and/or prescribe potassium supplementation while other do
not.4,5 In light of the numbers exposed to prescribed glucocor-
ticoids and the variability of clinical practice coupled with the
lack of an evidence-based on the management of its adverse
events, experts have published consensus recommendations on
monitoring and managing people prescribed glucocorticoid
therapy.6–8 These recommendations offer advice on the
monitoring to be done before and during treatment. This
includes measurements of weight, blood pressure, lipids, and
glucose levels. In the UK, much of the long-term prescribing of
glucocorticoids is done in general practice. We therefore aimed
to examine the monitoring provided to patients prescribed long-
term glucocorticoid therapy in this setting. We also aimed to
assess the factors associated with the odds of being monitored
according to the available recommendations.

MATERIAL AND METHODS

Data Source: The Health Improvement Network
Approximately 98% of the population in the UK is regis-

tered with a general practitioner.9 The Health Improvement
Network (THIN) is a database of electronic medical records
from UK general practices. Participating general practitioners
systematically and prospectively retrieve and enter clinical
information on patients, including demographics data, diag-
noses, and prescriptions so that the database provides a longi-
tudinal medical record for each patient. THIN is representative
of the UK population, and comparisons to external statistics and
other independent studies have shown that both the clinical
diagnostic and prescribing information is well recorded and
accurate.10–13 The data are entered in routine general practice
and therefore reflect ‘‘real-life’’ clinical care. For this study, we
arbitrarily chose to use data from January 1, 2000 to December
31, 2012 from 554 general practices. We excluded events that
occurred within 6 months following registration in order to
include only incident cases of outcomes.14

Prescriptions of Glucocorticoids

ple aged 18 years and older who were
ucocorticoids either orally or by intra-
s injection. This included prednisolone,
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prednisone, dexamethasone, triamcinolone, betamethasone,
methylprednisolone, and deflazacort. We selected only people
prescribed systemic glucocorticoids for at least 3 months. For
people who received multiple courses of systemic glucocorti-
coids during this time period, we included only the first one. In
the case of multiple consecutive prescriptions, we considered
that the prescriptions were part of a single course of therapy if
the previous prescription was issued <3 months earlier. For
each course, the treatment time was defined as the time from the
first to the last prescription plus the duration of the last
prescription. We calculated the initial average daily dosage
by multiplying the number of tablets initially prescribed by the
dose/tablets (calculated in prednisone-equivalent) and this was
then divided by the number of days for which the drug was
prescribed. People taking substitutive glucocorticoids for adre-
nal insufficiency were excluded.

Monitoring Before Glucocorticoid Exposure
We extracted data on entries of weight, blood pressure

(measurement at the practice or at home or referral to a hyper-
tension clinic), lipids (cholesterol and/or triglycerides levels),
glucose (blood or urine glucose or glycosylated hemoglobin), and
serum potassium levels, and bone mineral density assessment
(referral for dual energy X-ray absorptiometry [DEXA-scan] or to
an osteoporosis clinic). We also searched for assessments of
vision by the general practitioner or for referrals to an ophthal-
mologist or an optician and we extracted data on flu and/or
pneumococcal vaccines. We took into account all entries of blood
pressure, weight, blood glucose, and serum potassium during the
3 months before exposure. In the case of blood glucose and serum
potassium, we also took into account entries made up to 2 weeks
after glucocorticoid initiation, as these tests may have been
ordered at the time of initiation of therapy but the results received
a few days later. We chose to extend the period of baseline testing
to 1 year before to 2 weeks after initiation of therapy for lipids.
Regarding bone mineral density testing and eye testing, the period
was extended to 1 year before to 2 months after initiation of
treatment in order to reflect the delay in the reporting of these
parameters when ordered by a clinician. For vaccines, we
searched for any flu vaccine within the year before glucocorticoid
initiation and for any pneumococcal vaccine anytime before
exposure.

Monitoring During Glucocorticoid Exposure
The parameters described earlier (see ‘‘Monitoring Before

Glucocorticoid Exposure’’ section) were also extracted during
exposure to glucocorticoid therapy, excluding the first 2 weeks
of exposure for glucose, lipids, or serum potassium levels and
the first 2 months of exposure for DEXA-scan and eye testing.

Covariates of Interest
The indications for glucocorticoid treatment were obtained

by reviewing the medical diagnosis recorded on the same date
when treatment was started. If no medical diagnosis was
recorded on this date, we searched for relevant chronic con-
ditions recorded closest to when the prescription was issued, up
to 1 year before or 1 year after. We then focused our analysis on
5 diseases, that is, rheumatoid arthritis, polymyalgia rheuma-
tica/giant cell arteritis, asthma, chronic obstructive pulmonary
diseases, and inflammatory bowel diseases (ie, Crohn’s disease

Fardet et al
and ulcerative colitis). We chose to study these diseases because
they are diseases frequently requiring long-term glucocorticoid
therapies1 and they reflect different types of populations
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exposed to the drug. We also searched the medical and thera-
peutic records of the patients before the initiation of glucocor-
ticoids to assess their past medical history for hypertension,
diabetes, dyslipidemia, osteoporosis, cataract or glaucoma, and
hypokalemia. The Townsend deprivation index, a measure of
material deprivation within a population classed into quintile
was obtained for each person. Lastly, we examined the location
(ie, England, Northern Ireland, Scotland, and Wales) and size
(number of patients in the practice in the January 1, 2007) of the
participating general practice.

Statistical Analyses
First, we extracted data on each measurement before and

during follow-up as described earlier in order to describe the
monitoring provided to the patients. For each patient, the index
date was defined as the date of initiation of the first glucocorticoid
course �3 months. Second, we used binary logistic regression
models to assess the association between the outcomes (ie, having
the measurement of interest before or during glucocorticoid
exposure) and the characteristics of the patients, treatment, time,
and practices. To ensure that we captured measurements relating
to the prescription of glucocorticoids rather than the patient
condition (eg, blood pressure routinely measured in a hyperten-
sive rather than on account of glucocorticoid prescription) we
chose to define a glucocorticoid prescription-related measure-
ment as one that occurred within 1 month before glucocorticoid
initiation for clinical parameters, within 1 month before and
2 weeks after for biological parameters, and within 1 month
before to 2 months after for DEXA-scan, eye survey, and
vaccines. For continuous variables, we checked linearity by using
the log-likelihood ratio test. Continuous variables are presented
as median and interquartile range. Categorical variables are
presented as proportions. All analyses were done using Stata,
version 11.2 (StataCorp, College Station, TX). The study was
approved by the UCL THIN steering committee and by the THIN
scientific review committee.

RESULTS

Study Population
During the study period, 100,944 adult patients (women:

58,318 [58%], median age at the time of glucocorticoid
initiation: 69 [56–78] years) were prescribed at least one course
of systemic glucocorticoid �3 months. Among them, 73,552
(73%) had >1 long-term prescription. Taking into account the
first prescription, 27,528 (27%) patients received glucocorti-
coids for more than a year (Table 1). A history of hypertension
was recorded in about half the patients, a history of dyslipidemia
in a quarter, a history of diabetes, cataracts and osteoporosis in
just over a tenth, and a history of hypokalemia in 925 (1%)
patients. Most of the data were from English practices (n¼ 406,
73.3%), 85 (15.3%) practices being from Scotland, 40 (7.2%)
from Wales, and 23 (4.2%) from Northern Ireland.

Initial Monitoring
Routine clinical (eg, weight) or biological (eg, glucose or

lipid levels) monitoring before the initiation of glucocorticoids
occurred in less than one-third of the patients, irrespectively of
the duration of the subsequent exposure (Table 2). This was
even lower for measures such as osteoporosis or eye screening.

Medicine � Volume 94, Number 15, April 2015
About 60% and 45% of the patients have had vaccination
against influenza and pneumococcus prior glucocorticoid
exposure, respectively (Table 2). These figures varied
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TABLE 1. Characteristics of the Study Population

3–6 months
N¼ 44328

6–12 months
N¼ 29088

12–24 months
N¼ 17116

>24 months
N¼ 10412

Female 24,754 (55.8%) 16,637 (57.2%) 10,319 (60.3%) 6608 (63.5%)
Median age (y) 66 [52–76] 69 [57–78] 72 [61–79] 71 [60–79]
Median duration of treatment (mo) 4 [3–4] 8 [6–9] 15 [13–19] 35 [28–49]
Median initial daily dosage (mg) 25 [15–30] 20 [10–30] 15 [10–25] 15 [7.5–20]
Route of administration

Orally 41,988 (94.7%) 28,648 (98.5%) 16,848 (98.4%) 10,248 (98.4%)
Intramuscular or intravenous 2340 (5.3%) 440 (1.5%) 268 (1.6%) 164 (1.6%)

Generical
Prednisolone/prednisone 36,305 (81.9%) 25,972 (89.3%) 16,171 (94.5%) 10,078 (96.8%)
Dexamethasone 5261 (11.9%) 2464 (8.5%) 569 (3.3%) 93 (0.9%)
Triamcinolone 1353 (3.1%) 131 (0.4%) 62 (0.4%) 36 (0.3%)
Methylprednisolone 951 (2.1%) 293 (1.0%) 204 (1.2%) 134 (1.3%)
Betametasone 442 (1.0%) 202 (0.7%) 87 (0.5%) 48 (0.5%)
Deflazacort 16 (0%) 26 (0.1%) 23 (0.1%) 23 (0.2%)

Underlying condition
�

Asthma 7212 (22.8%) 2592 (12.4%) 1186 (9.3%) 729 (9.9%)
COPD 6465 (20.4%) 2812 (13.5%) 1268 (10.0%) 711 (9.6%)
GCA/polymyalgia rheumatica 4832 (15.3%) 7811 (37.4%) 6543 (51.4%) 3556 (48.1%)
Inflammatory bowel diseases 2671 (8.4%) 1239 (5.9%) 370 (2.9%) 178 (2.4%)
Rheumatoid arthritis 1573 (5.0%) 1473 (7.0%) 1225 (9.6%) 1064 (14.4%)
Other 8910 (28.1%) 4979 (23.8%) 2140 (16.8%) 1151 (15.6%)

teri
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according to the underlying medical condition (supplementary
Table, http://links.lww.com/MD/A244). Factors associated
with the odds of being monitored varied according to the
parameter being assessed (Table 3, multivariable analyses).
Older patients were more likely to be monitored on most
parameters than young patients. The past medical history of
the patients influenced the odds of being monitored, patients
with diabetes, hypertension, or dyslipidemia being more likely
to be monitored for weight, blood pressure, glucose, lipids while
those with asthma or chronic obstructive pulmonary disease
being more likely to be vaccinated. Patients initiated on higher
daily doses or for longer duration were more likely to be
monitored. Furthermore, monitoring related to the underlying
disease, patients with PMR/GCA being most adequately mon-
itored. There were geographical variations but, overall, the
monitoring improved over the 12-year study period. The prac-
tices size was not associated with any of the parameters of
interest (data not shown).

Follow-up Monitoring
The percentage of patients monitored at least once during

glucocorticoid exposure and the number of measurements
increased proportionally with the duration of exposure
(Table 2). However, <60% of patients exposed for >1 year
to glucocorticoids were monitored at least once for weight,
glucose, or lipid levels and<25% of them had at least one bone
density or eyes diseases screening. The factors associated with
being monitored during exposure were quite similar than those
evidenced for being monitored before exposure (Table 4, multi-
variable analyses).

COPD¼ chronic obstructive pulmonary disease, GCA¼ giant cell ar�
unknown for some patients.
DISCUSSION
This study of >100,000 patients exposed to long-term

systemic glucocorticoid therapy highlights the need for

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
improving the monitoring of these patients in order to ensure
safe use of the drug. We found that routine clinical (eg, weight)
or biological (eg, fasting glucose or lipid levels) monitoring
before initiation of glucocorticoids occurred in less than one-
third of patients. This was even lower for measures such as
osteoporosis or eye diseases screening. Furthermore, after
starting glucocorticoid treatment the percentage of patients
monitored whilst on the drug barely improved with <60% of
patients exposed for more than a year being monitored at least
once for weight, glucose, or lipid levels and <25% of patients
being prescribed at least once for osteoporosis or eyes diseases
screening. The odds of being adequately monitored were higher
in older patients and in those with comorbidities. The level of
monitoring had improved over the 12-year study period.

It is remarkable that after almost 70 years of glucocorti-
coids use15 there still exist uncertainties about their adverse
effects and how they should be monitored. In this context,
prescribers and patients have offered recommendations on the
monitoring and management of these adverse effects largely
based on consensus statements by experts.6–8 These recom-
mendations offer good common sense advice such as ‘‘the
adverse effects of glucocorticoid therapy should be considered
and discussed with the patient before glucocorticoid therapy is
started’’ or ‘‘when it is decided to start glucocorticoid treat-
ment, comorbidities and risk factors for adverse effects should
be evaluated and treated’’.7 They also include more specific
recommendations on which parameters should be monitored
during follow-up, including body weight, blood pressure, serum
lipids, blood and/or urine glucose, infections, osteoporotic
fractures, or eye adverse effects.6,7 On the other hand, there
are national recommendations about the assessment of bone
mineral density using DEXA-scan before and during glucocor-

tis.
ticoid initiation.16–18 For instance, in the UK, it is recom-
mended that people starting systemic glucocorticoids for > 3
months have a DEXA-scan before exposure and every 1–3
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years thereafter if glucocorticoids are continued.18 Furthermore,
in many countries including the UK, it is recommended that
people on long-term systemic glucocorticoid therapy have a flu
vaccine every year and are vaccinated against pneumococ-
cus.19–22 Despite these recommendations, there are, to our
knowledge, very limited data on what occurs in daily care.4,5

Yet it seems that this is a necessary prerequisite to adapt the
recommendations to daily practice and vice versa.

In this study, we found that basic assessments such as
weight, blood pressure, glucose, or lipid levels were rarely done
before and during glucocorticoid exposure. Yet, metabolic and
cardiovascular adverse events are established complications of
chronic glucocorticoid exposure, the risk of diabetes, or cardi-
ovascular events being increased by 2- to 3-fold in these
patients.23–26 Moreover, weight gain and lipodystrophic fea-
tures are observed in>50% of patients after long-term exposure

Fardet et al
and can lead to poor adherence to the medication, the devel-
opment of features of the metabolic syndrome, and an increase
in cardiovascular risk.27–29

TABLE 2. Monitoring of Parameters of Interest Before and During

3–6 months
n¼ 44328

Weight
Monitoring before exposure 8538 (19.3%)
Monitoring at least once during exposure 8497 (19.2%)
Number of monitoring during exposure 0 [0–0]

Blood pressure
Monitoring before exposure 16,590 (37.4%)
Monitoring at least once during exposure 17,718 (40.0%)
Number of monitoring during exposure 0 [0–1]

Fasting glycemia
Monitoring before exposure 9047 (20.4%)
Monitoring at least once during exposure 8152 (18.4%)
Number of monitoring during exposure 0 [0–0]

Kalemia
Monitoring before exposure 14,944 (33.7%)
Monitoring at least once during exposure 13,709 (30.9%)
Number of monitoring during exposure 0 [0–1]

Lipids
Monitoring before exposure 15,140 (34.2%)
Monitoring at least once during exposure 5264 (11.9%)
Number of monitoring during exposure 0 [0–0]

DEXA-scan
Monitoring before exposure 4888 (11.0%)
Monitoring at least once during exposure 1400 (3.2%)
Number of monitoring during exposure 0 [0–0]

Eye survey
Monitoring before exposure 5096 (11.5%)
Monitoring at least once during exposure 1326 (3.0%)
Number of monitoring during exposure 0 [0–0]

Flu vaccine
Monitoring before exposure 25048 (56.5%)
Monitoring at least once during exposure 8674 (19.6%)
Number of monitoring during exposure 0 [0–0]

Pneumococcal vaccine
Monitoring before exposure 20,217 (45.6%)
Monitoring at least once during exposure

�
834 (3.5%)

Number of monitoring during exposure
�

0 [0–0]

DEXA¼ dual-energy X-ray absorptiometry.�
The 46,686 patients vaccinated before glucocorticoid initiation were e
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Older patients are more likely to be adequately monitored
than young patients. First, three-quarters of patients
chronically exposed to the drug are >54 years1,30 and phys-
icians are therefore probably more used to monitor these
patients than the younger ones. It is also possible that older
patients who are at a higher risk of adverse events such as
osteoporosis, cataract or diabetes are anyway more likely to
be carefully monitored by their general practitioners. Never-
theless, younger patients are at higher risk of adverse events
such as lipodystrophy or weight gain31 and are more likely to
receive several long-term glucocorticoid treatments during
their lifetime and therefore deserve equal attention. We also
found geographical disparities in the way patients were
managed. It is unclear whether this could be explained by
geographical inequalities regarding local availability of
equipment (eg, disparities in DEXA-scan availability32) or

Medicine � Volume 94, Number 15, April 2015
access to secondary care physicians (eg, ophthalmologists33)
or true geographical variations in general practitioners
monitoring behaviors.

Glucocorticoid Therapy According to the Duration of Exposure

6–12 months
n¼ 29088

12–24 months
n¼ 17116

>24 months
n¼ 10412

5717 (19.7%) 3393 (19.8%) 2309 (22.2%)
9058 (31.1%) 8209 (48.0%) 7153 (68.7%)

0 [0–1] 0 [0–1] 1 [0–4]

12,036 (41.4%) 7505 (43.9%) 4686 (45.0%)
18,011 (61.9%) 13,376 (81.1%) 9775 (93.9%)

1 [0–2] 2 [1–5] 6 [3–12]

7144 (24.6%) 4578 (26.8%) 2562 (24.6%)
10,002 (34.4%) 9085 (53.1%) 7699 (73.9%)

0 [0–1] 1 [0–2] 2 [0–4]

11,976 (41.2%) 7713 (45.1%) 4263 (40.9%)
14,981 (51.5%) 12,220 (71.4%) 9038 (86.8%)

1 [0–2] 2 [0–4] 4 [2–9]

10,759 (37.0%) 6657 (38.9%) 3616 (34.7%)
7213 (24.8%) 7584 (44.3%) 6700 (64.4%)

0 [0–0] 0 [0–1] 1 [0–3]

3859 (13.3%) 2385 (13.9%) 1361 (13.1%)
2478 (8.5%) 2697 (15.8%) 3235 (31.1%)

0 [0–0] 0 [0–0] 0 [0–1]

3733 (12.8%) 2301 (13.4%) 1191 (11.5%)
2535 (8.7%) 2961 (17.3%) 3249 (31.2%)

0 [0–0] 0 [0–0] 0 [0–1]

16,745 (57.6%) 10,255 (59.9%) 5921 (56.9%)
13,126 (45.1%) 12,827 (74.9%) 8996 (86.4%)

0 [0–1] 1 [0–2] 3 [2–4]

13,446 (46.2%) 8271 (48.3%) 4752 (45.6%)
1311 (8.4%) 1669 (18.9%) 2465 (43.6%)

0 [0–0] 0 [0–0] 0 [0–1]

xcluded.
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Our study has several strengths. It is the first one to assess
how patients chronically exposed to systemic glucocorticoids
are managed in clinical practice. It is based on a large popu-
lation-based sample of patients of both sexes, across all age-
groups, and suffering for many underlying diseases and comor-
bidities. It covers a 12-year period time and different regions of
the UK which enabled us to study time and geographical
variations of practices.

However, there are also some limitations. First, monitoring
of some frequent and/or serious adverse events (eg, neuropsy-
chiatric or cutaneous disorders, infections) was not examined as
there are no recommendations on how this should be done in
practice. For instance, there are no consensus recommendations
on how and when infectious diseases such as tuberculosis or
viral hepatitis should be screened in glucocorticoid-exposed
patients. Second, it could be argued that our findings relate to
what was recorded on the computerized notes and this may not
reflect actual practice. For instance, weight and blood pressure
could have been measured during the consultation without
being recorded or some patients may have been assessed for
osteoporosis risk only by the FRAX score without DEXA-scan.
However, we believe that if this information is missing from the
medical records notes it is perhaps as good as not being
measured as other clinicians involved with the person’s care
will not be able to assess the trajectory of symptoms over time.
Third, for some conditions (eg, rheumatoid arthritis, inflamma-
tory bowel diseases), the secondary care specialist may have
been the initiator for glucocorticoid therapy. Some may there-
fore argue that the secondary care physician is also responsible
for the glucocorticoid monitoring. However, in the UK, the
primary care physicians are the cornerstone of patients care and
even when drugs are initiated in secondary care the responsi-
bility of long-term prescribing rests solely with primary care
physicians. Lastly, some of the assessments/vaccinations may
have occurred for reasons other than that of being on gluco-
corticoid therapy (eg, eye survey in patients with giant cell
arteritis). Even though, the exact reason for each of these
assessments may not be known, we believe that appropriate
monitoring is more important that the reason for which it
was done.

It has recently been estimated that more of 600,000
patients in the UK and >2.5 million patients in the USA are
chronically exposed to systemic glucocorticoids.1,30 Millions of
people are probably exposed across the world making it one of
the most prescribed drugs worldwide. Glucocorticoids confer
huge clinical benefits and will continue to be used in practice.
However, in view of the severity of their adverse effects
clinicians should closely monitor all patients prescribed these
drugs. Even though the best schedule for monitoring is still
unknown and is dependent on the characteristics of the patient
and their underlying diseases, small changes geared at struc-
tured baseline and follow-up assessments of people on long-
term glucocorticoids could make a substantial change to clinical
care. This could go some way towards ensuring that glucocor-
ticoids will no longer be the most common cause for producing
adverse events requiring hospitalization.34
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