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Abstract

Outcomes of insulin analogues in pedi-
atric diabetes camps are poorly investigat-
ed; no data is available about insulin
degludec (IDeg).Our aim was to assess
impact of insulin therapy adopted by the
participants to a 4-day diabetes camp held
in 2017, hypothesizing a possible excess
risk of hypoglycemia in patients treated
with IDeg. Overall, 40 children with type 1
diabetes (mean age 13.4+3.0 years; 62.5%
males) attended the camp (20.0% on contin-
uous subcutaneous insulin infusion and
80.0% on multiple daily injections - MDI).
Among children in MDI regimen, 71.9%
were treated with IDeg as basal insulin and
28.1% with glargine U100 (IGlar). All
patients used Lispro or Aspart as short-act-
ing insulin. Daily plan of the camp included
educational sessions, physical exercise, 3
main meals and 2 snacks. At the arrival,
IGlar and short-acting insulin doses were
revised according to existing guidelines,
while IDeg dose was revised based on an
empirical individualized approach. At the
arrival, insulin doses were reduced in 22
participants (-19.4+10.5%), while doses
were increased in 17  children
(+17.8+12.7%), based on individual needs.
No statistically significant between-group
difference emerged in mean blood glucose
and glucose variability. No excess risk of
hypoglycemia was found in the IDeg group.
The study suggests similar effectiveness
and safety of different insulin schemes
when associated with appropriate diabetes
education and management, and flexible
dose adjustments. Despite its longer half-
life and the lack of a validated algorithm,
IDeg was not associated with an excess risk
of hypoglycemia.
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Introduction

Pediatric diabetes camps are part of
global management of type 1 diabetes
(TIDM).! They offer the opportunity to
children and their parents to share experi-
ences and acquire knowledge and practical
skills for home diabetes care, with a posi-
tive impact on psychological well-being.2:3

Comprehensive guidelines for the man-
agement of TIDM during diabetes camps
have been developed.4 Sport is a key com-
ponent of camps; therefore, blood glucose
levels and insulin therapy require a strict
management to ensure an adequate
response to physical exercise while avoid-
ing hypoglycemia.5 In addition, camps rep-
resent controlled places in which to begin or
consolidate physical activities; sport is a
milestone in the treatment of TIDM and it
should be performed not only at school, but
also as an integral part of a global healthy
lifestyle.¢

Risk of late hypoglycemia in this popu-
lation persists for at least 24 hours after
exercise; this phenomenon is due to the
increase in insulin sensitivity and the
increase in circulating levels of insulin,
exposing the children to a significant risk of
nocturnal hypoglycemia.6.7

In previous studies, several insulin
schemes have been assessed in patients par-
ticipating in diabetes camps.”-9 Before the
availability of insulin analogues, these stud-
ies took into consideration human insulins
in patients treated with twice daily or multi-
ple daily insulin injections (MDI), fixed
doses of premix insulins, combinations of
isophane or basal insulin and regular or
short-acting analogues prior to the avail-
ability of long-acting insulin analogues.”-8
In other studies, continuous subcutaneous
insulin infusion (CSII), or MDI schemes
including intermediate / long-acting insulin
(insulin glargine, insulin detemir or NPH)
were adopted.?

However, evidence on risk of hypo-
glycemia is poor, especially for pediatric
patients in MDI; furthermore, no data is
available about the use of insulin degludec
(IDeg) in diabetes camps. This issue is par-
ticularly relevant, since the preventive
reduction of IDeg insulin before physical
activity is not feasible, due the peculiar
pharmacokinetic properties of IDeg (24-
hour half-life and steady-state of blood con-
centration after 4 days from start of thera-
py).10.11

This real-life study had the aim of
assessing effectiveness and safety of the dif-
ferent insulin schemes adopted by the par-
ticipants (CSII or MDI including first or
second generation of basal analogues plus
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short-acting insulin), hypothesizing a possi-
ble excess risk of hypoglycemia in patients
treated with IDeg. Outcomes of T1DM
management during the 4-day camp were
blood glucose levels, glycemic variability,
and hypoglycemic episodes.

Materials and Methods

This was an observational longitudinal
prospective study. Data on all children par-
ticipating to the diabetes camp held on 4 - 9
August 2017 in Fara Filiorum Petri,
Abruzzo, Italy was collected.

Children were eligible for the camp if
they had had a diagnosis of TIDM (ISPAD
criteria) at least 1 year before, were treated
with any insulin scheme (CSII or MDI), and
had already received carbohydrate counting
and TIDM self-management education.
Parents participated in the camp only if
children were less than 7 years old.

Daily plan included educational ses-
sions, physical exercise of medium-high
intensity, and 3 main meals and 2 snacks.

Educational and physical activities were
organized taking into consideration three
age groups: 7-10, 11-13, and 14-18 years.

One hour in the morning and one hour
in the afternoon were devoted to sport
(swimming in the morning and soccer, vol-
leyball, basket, or judo in the afternoon).
Children were involved in other activities
during the remaining time (play, dance,
etc..). Physical activities were executed in
the presence of expert trainers and health-
care operators.

In accordance with current guidelines to
prevent hypoglycemia, in patients treated
with insulin glargine (IGlar) a 0-20% reduc-
tion of the dose was evaluated at the arrival
day. Reduction entity was established on an
individual basis, considering age, insulin
needs, pubertal stage, frequency of hypo-
glycaemic episodes, sport attitudes, and
intensity, duration and type of physical
activity expected in the camp. A similar
approach was not allowed in patients treat-
ed with insulin IDeg, since a dose reduction
would have been requested from 3-4 days
before the camp based on the pharmacoki-
netics, but no validated clinical recommen-
dations exist on how to minimize risk of
hyperglycemia and need for bolus correc-
tions.4-6 On the other hand, data on adults
document that in patients treated with IDeg
performing low, moderate, and high intensi-
ty exercise, IDeg dose can be maintained
stable while short-acting insulin dose is
reduced proportionally to the patient
needs.12.13 However, when deemed appro-
priate by the diabetologist, IDeg doses
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could be modified on the day of arrival
according to the level of training, the level
of glycemic control at home, and the indi-
vidual risk of hypoglycaemia of the child.

In patients treated with CSII, basal infu-
sion dose was revised at the arrival day on
an individual basis following the current
clinical recommendations and taking into
consideration age, BMI, insulin daily dose,
diabetes remission, pubertal status, and
physical activity. Patients treated with CSII
used the short-acting insulin analogue; they
followed an algorithm suggesting a basal
dose reduction 60-90 minutes before exer-
cise and were instructed to disconnect the
pump whenever necessary.>

All patients (MDI and CSII) were
trained to reduce pre-prandial doses before
exercise on an individual basis or to per-
form an extra intake of carbohydrates
(CHO). Dose reduction considered patient
age, metabolic control, pubertal phase,
insulin requirement, type of basal insulin
(IGlar vs. IDeg vs. CSII), and glycemic
trend in the previous days.

All patients in charge of the diabetes
center promoting the camp had already
received standard education on CHO count-
ing and the correction of pre-prandial
hyperglycemia using the insulin-carbohy-
drates (I:CHO) ratio and the insulin sensi-
tivity factor (ISF); these latter are routinely
assessed to adjust insulin therapy in these
patients.!4 During the camp, from the day 2
to the day 4, blood glucose monitoring,
insulin administration, calculation of doses
based on the [:CHO ratio, and daily and cor-
rective insulin doses were supervised by
diabetes specialists.3:4

A patient diary was filled in by each
participant to report blood glucose levels,
insulin bolus and basal insulin doses,
ketonemia (if blood glucose >250 mg/dl),
CHO intake of each meal, I:CHO ratio, and
ISF.

Blood glucose levels were checked
before and 2 hours after each meal and in
the presence of hypoglycemia symptoms.
The last blood glucose measurement before
night rest was performed at 11.00 — 12:00
pm; nightime blood glucose levels were
checked by professional nurses between
01:00 and 03:00 am. If values <70 mg / dl
were found, sugary liquids were adminis-
tered (about 9 grams for a weight of 30 kg
or 15 grams for a weight of 50 kg corre-
sponding to about 0.3 g of glucose / kg), and
blood sugar levels were measured at inter-
vals of 10-15 minutes until the target blood
glucose values were restored.!5

The study protocol was approved by the
local Ethics Committee and the informed
consent was signed for all patients included
in the analysis.
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Statistical analyses

Baseline variables included age, sex,
pubertal status, duration of diabetes, body
weight, body mass index (BMI), honey-
moon phase, insulin regimen, HbAc,
I:CHO ratio, physical activity.

Follow-up variables (i.e. study end-
points) included fasting blood glucose val-
ues (measured at 8 a.m.), daily blood glu-
cose levels, blood glucose variability, and
hypoglycemic episodes (i.e. values of self-
monitoring blood glucose <70 mg/dl and <
50 mg/dl, total, daytime and nocturnal).

Self-monitoring blood glucose meas-
urements were downloaded on the physi-
cian computers using the Diasend™ sys-
tem. Data relative from the 7 days before
and the 7 days after the camp was extracted.

Baseline characteristics were expressed
as mean and standard deviation or percent-
age for continuous and categorical vari-
ables, respectively. They were compared by
insulin regimen using non-parametric
Wilcoxon test and Fisher’s exact test, as
appropriate.

Mean glycemic levels were computed
by day by insulin regimen.

Glucose variability was expressed as
Coefficient of Variation (CV).16 It was com-
puted for each patient, and average values
by day were evaluated. The formula used
for CV computation is:

CV (%) =100 x _SD (daily glycemia)
Mean (daily glycemia)

Daytime range included all values
measured from 7:00 am. to 11:00 p.m.;
nocturnal range included all values meas-
ured from 0:00 a.m. to 6:00 a.m.

Longitudinal linear models for repeated
measures were applied to assess trends over
time in continuous endpoints. All longitudi-
nal models took into consideration four
time points, i.e. day 1, day 2, day 3, and day
4. An unstructured correlation type was
used to account for within-patient correla-
tion over time. Results were expressed as
estimated mean and estimated mean change
from baseline with their 95% confidence
intervals (Cls). P-values <0.05 were consid-
ered statistically significant.

Number and percentage of patients with
at least 1 hypoglycemic episode and inci-
dence rates of hypoglycemic episodes were
assessed by insulin regimen through
Poisson regression. Results are expressed as
Incidence Rates and 95%Confidence
Intervals.

All analyses were performed using SAS
software release 9.4 (SAS Institute, Cary,
NC, USA).

[page 15]



Results

Overall, 40 children participated in the
diabetes camp, of whom 8 (20.0%) were
treated with CSII and 32 (80.0%) with
MDI. Among those in MDI regimen, 23
(71.9%) were treated with IDeg as basal
insulin, and 9 (28.1%) with insulin glargine
U100 (IGlar). All patients treated with CSII
and MDI patients for pre-prandial boluses
used short-acting analogues Lispro (25.0%)
or Aspart (75.0%). Basal insulin was preva-
lently administered before lunch, but it was
administered before breakfast and before

with CSIIT (+ 51.5+48.1%), 8 were treated
with IDeg (+35.1+28.9%), and 1 with IGlar
(+18.1%). Pre-prandial insulin doses were
adjusted based on the planned amount of
CHO in the meals and physical activity. The
first day of camp pre-prandial doses were
reduced in 22 children (-27.9+14.4%) of
whom 5 treated with CSII (-29.3+19.1%)),
12 treated with IDeg (-29.36+14.3), and 5
treated with IGlar (-23.0+£14.4%). Pre-pran-

Fasting Blood Glucose (mg/dl)
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dial insulin doses were increased in 16 par-
ticipants (+33.2424.9%), of whom 3 treated
with CSII (+52.3£34.0%), 11 treated with
IDeg (+32.8421.0%), and 2 treated with
IGlar (+6.5+1.0%). Pre-prandial doses were
left unmodified in the two children in hon-
eymoon phase. Total insulin doses were
reduced in 22 participants (-19.4+10.5%),
while doses were increased in 17 children
(+17.8+£12.7%).

Daily Blood Glucose (mg/dl)

dinner in over 40% of patients treated with 250 200
IDeg and IGlar. 200
Baseline characteristics overall and by — T — L
insulin regimen are reported in Table 1. No 139 e .-
. . . . . 4
statistically significant differences among 100
the three groups emerged in terms of aver- 50
.. 50
age HbAlc levels; 32.5% of participants
had HbAlc <58 mmol/mol (7.5%) at the 0 0
camp arrival. Two patients in the IGlar Day 1 Day 2 Day 3 Day 4 Day 1 Day 2 Day 3 Day4
group were in honeymoon phase. Regular sode s C5)| =D IDeg MO 1Glar sedes (5] =MD Deg MDI IGlar
physical activity was performed by a signif-
icantly higher proportion of participants in csil MDIiDeg  MDIIGlar csit MDIIDeg  MDIIGlar
the IDeg group (65.2%), as compared to Doy1f(arrival) 132.7:29.5 168.4:219  1385:34.0 Doy1f(orrival) 154.7:20.0 175.1¥11.8 183.9¢18.9
CSII (37.5%) and IGlar (11.1%) groups. Day2 17854275 18845155  197.8:247 Day 2 17015152 177.5:9.0  +152.3:143
Day3 169.4422.8 17458135 2020215 Day 3 15764129 160.047.6  +149.8+12.2
. . Doy4 178.48213  175.8+126  135.2+20.1 Day4 1593165  1585¢9.8  +141.4215.6
Dose adjustment at arrival day
At arrival day, basal insulin was Cortrat pyabees Contrast pvsines
. 77, CSll vs. IDeg vs, IGler  0.31 CSilvs. IDeg vs. IGlar  0.67
reduced in 18 participants (-22.3+14.5%), CSllvs. IDeg 0.51 CSllvs. IDeg 0.58
of whom 5 were treated with CSII (- csilvs. IGlar 0.87 csilvs. IGlar 082
1Deg vs. IGlar 0.64 IDeg vs. IGlar 0.39

22.7+18.1%), 7 were treated with IDeg, (-
24.3+15.4%), and 6 were treated with IGlar
(-19.3£12,4%). Basal dose was increased in
12 participants, of whom 3 were treated

Table 1. Baseline characteristics.

Figure 1. Trends by day and by insulin regimen of blood glucose levels. Data expressed as

estimated means and standard error.

No. 40 8 23 9
Males (%) 62.5 375 60.9 88.9 0.10
Age (years) 13.4+3.0 14.5+4.8 13.4+2.1 122428 0.29
Pubertal (%) 75.0 60.0 86.9 55.5 0.10
Weight (Kg) 534+13.7 53.5+15.3 544+12.7 50.5+16.0 0.78
BMI (Kg/m2) 21.6+3.6 22.1+34 21.7+34 20.6+4.3 0.67
HbAlc (mmol/mol) 60.610.6 59.9+8.1 61.1x10.0 60.1+14.8 0.94
Regular sport activity (%) 475 375 65.2 11.1 0.02
Honeymoon phase (%) 5.0 0 0 22.2 0.08
Basal insulin dose (UI) 23.3+11.3 19.0+8.9* 25.8+9.6 21.1£15.9 0.29
Pre-prandial insulin dose (UI) 24.3+12.3 18.8+5.9 25.9+11.6 24.9+17.3 0.38
Basal/Bolus Ratio 1.1+04 1.2+0.6 1.1+04 1.0+0.3 0.60
Insulin sensitivity factor 66.610.6 59.9+26.0 58.1£27.2 91.7+56.1 0.06
Insulin: CHO ratio (g per 1 UI) 12.7+8.7 18.0+13.5 10.4+5.2 13.9+9.4 0.09
Short acting insulin (%) 0.24

Aspart 55.0 75.0 435 66.7

Lispro 45.0 25.0 56.552 33.3

*Basal insulin infusion of short-acting insulin.
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Follow-up

On average, 6.9+1.2 self-monitoring
blood glucose measurements/day were per-
formed during the camp. Mean fasting
blood glucose and mean daily blood glu-
cose levels are reported in Figure 1. No sta-
tistically significant between-group differ-
ences emerged.

CV levels during the 4-day camp and in
the 7 days before and after the camp are
reported in Figure 2. No statistically signif-
icant differences emerged among groups.

Overall, 109 episodes of hypoglycemia
<70 mg/dl and 23 episodes of hypo-
glycemia <50 mg/dl occurred. An increas-
ing incidence of hypoglycemia during the
camp in the three groups was documented,
but no statistically significant between-
group difference emerged (Figure 3). No
episode of severe hypoglycemia with
impaired cognitive abilities, seizure or
coma or need for assistance from another
person and / or administration of glucagon
occurred.

Changes in insulin pro-kg requirements
before and during the camp are reported in
Table 2. During the camp, the I:CHO ratio
increased from day 2 to day 4: 11.246.1 vs.
14.4+7.7 g x 1UI (p<0.001), while intake of
carbohydrates increased by 15.8% (day 2
vs. 4: 218.0 £ 559 vs. 252.5 + 39.7 g,
p<0.001).

Discussion

Main findings

To the best of our knowledge, this is the
first study evaluating the impact of [Deg in
a pediatric diabetes camp.

Fasting blood glucose levels were more
stable in IDeg group than in the CSII and
IGlar group, although no statistically signif-
icant difference emerged. No excess risk of
hypoglycemia was found in IDeg group.

The first day of the camp, total insulin
doses were decreased by about 20% in 55%
of the children, while they were increased
by about 18% in 42.5% of the children.

Incidence of hypos increased during
four days in all groups, because of insulin
sensitivity increase, without suggesting an
excess risk in the [Deg group in spite of the
absence of an algorithm for a specific dose
adjustment. The risk was minimized
through a bolus adjustment driven by CHO
counting and ISF.

Comparisons with existing knowledge

Only a few studies have investigated the
management of insulin doses during dia-
betes camps, the largest part conducted

OPEN aACCESS

before first- and second-generation basal
insulin analogues were made available.
Data from real world experiences are scant
and based on heterogeneous populations.’-
917 Many recommendations are thus based
on data deriving from experimental studies

70

involving adult populations or expert opin-
ions, suggesting a dose reduction between
10% and 40% of the dose administered at
home.18-21

This is the first study involving children
treated with short-acting and long-acting

60

50

40

30

20

10

Camp

—t— (5l =i [Deg IGlar
Mean CV in the Mean CV Mean CV in the
7 days before during the 7 days after the
the camp camp camp
csu 45.8943.18 39.88:4.01 44.433.66
IDeg 40.68:+2.00 42.75£2.47 40.8622.11
IGlar 37.3653.05 34.08+3.83 36.15+3.25
Contrast p-values
CSII vs. [Deg vs. IGlar 045
[Deg vs. IGlar 0.56
CSII vs. IGlar 0.06
CEIl vs. [Deg 0.09

Figure 2. Trends of coefficient of variation of blood glucose during the camp and in the

seven days before and after the camp.

csil 1Deg IGlar
2.0 2.0 0
1.5 1.5 1.5
1.0 1.0 1.0
0.5 ' 0.5 0.5
0.0 0.0 0.0
Dayl Day2 Day3 Day4 Day1l Day2 Day3 Dayd Day1l Day2 Day3 Day4d

Data are expressed as episodes per person/day and 95% confidence intervals. No statistically significant between-group differences emerged.

N

Total hypo <=70 mg/dl
Total hypo <50 mg/dl
Daytime hypo <=70 mg/d]
Daytime hypo <50 mg/dl
Nocturnal hypo <=70 mg/dl
Nocturnal hypo <50 mg/dl

CcSH MDI MDI  p-value
(IDeg)  (IGlar)
8 23 9
875 100 778 0.06
50.0 435 44.4 0.94
875 95.6 778 0.06
50.0 348 444 0.78
125 348 111 0.89
0 87 0 1.00

Figure 3. Hypoglycemic events during the diabetes camp by insulin regimen. A) Incidence
of hypo by day during the camp. B) % of patients with at least 1 hypoglycemic episode

during the camp.
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Table 2. Change in insulin pro-Kg requirement before and during the camp.

Pre camp  Basal insulin 0.44+0.15  0.38+£0.13  048+0.12 042+0.21 0.25
Preprandial insulin 0.45£0.17  0.38+0.19  047+0.16 0.44+0.20 0.49
Total insulin requirement ~ 0.89+0.28  0.76+0.24  0.95+0.24 0.87+0.38 0.28
Day 2 Basal insulin 043+0.17  0.34+0.12  0.49+0.15 0.38+0.20 0.05
Preprandial insulin 045+0.19  0.34=0.12  0.49+0.17 044+024  0.14
Total insulin requirement ~ 0.88+0.28  0.68+0.12  0.98+0.24 0.82+0.39  0.06
Day 4 Basal insulin 0.44+0.16  0.36+0.09  0.49+0.15 0.38+0.20 0.06
Preprandial insulin 041£0.15  0.33£0.10 044015 0.38+0.16 0.14
Total insulin requirement ~ 0.84+0.25  0.68+0.15  0.93+0.21 0.76+0.32 0.03

insulin analogues. Participants showed a
better metabolic control as compared to the
previous studies. Despite that, the incidence
of hypoglycemic episodes was similar to
that reported in other studies.”8:17 No severe
episode of hypoglycemia occurred during
the camp, while in previous studies based
on camps of longer duration severe
episodes were registered.”

In agreement with other studies,? initial
doses of basal insulin were not reduced in
all participants. The long half-life of IDeg
can in theory represent an obstacle to a flex-
ible management of insulin doses during
irregular or short periods of physical activi-
ty. Our experience shows that an individual-
ized approach based on CHO counting and
ISF makes it possible to adjust IDeg doses,
without increasing the risk of hypoglycemia
while achieving a good metabolic control.

According to ISPAD recommendations,
total insulin doses should be decreased by
20-25% the first day of the camp.’
However, a uniform approach could deter-
mine marked hyperglycemia during the first
and second day of the camp in some partic-
ipants. Furthermore, sedentary individuals
would require a greater reduction of insulin
doses as a consequence of the increase in
physical activity. In our study, a decrease in
total insulin doses was needed in 55% of the
children, while an increase in total insulin
doses was applied to 45% of them. The
increase in total insulin doses in some
patients is related to sub-optimal insulin
treatment before the camp, mainly related to
therapeutic inertia or fear of hypoglycemia.22

Implications for clinical practice

We documented a higher rate of hypo-
glycemia during the third day of the camp in
all treatment groups, likely related to a sta-
ble, marked increase in insulin sensitivity.23
Therefore, in case of camps lasting longer
than 3-4 days, it is plausible that a further
reduction of basal insulin would be request-
ed in all treatment schemes, along with a re-
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evaluation of [: CHO and ISF. Specific algo-
rithms should be developed also for IDeg
and timing of its application should be
adapted to pharmacokinetics properties
(e.g. IDeg might be reduced at the second
day of the camp, while IGlar dose should be
reduced at the third day). During therapy
adjustments, even CHO counting, and
dosage of short-acting insulin should
require additional attention to minimize
glycemic variability. Any possible advance-
ment in knowledge and clinical recommen-
dations regarding the management of chil-
dren with TIDM attending a camp should
underline the importance of a personalized
approach in the therapy adjustment.

Strengths and limitations

Among the strengths, this is the first
study assessing the impact of IDeg in a
camp. Among the limitations, the absence
of randomization does not allow an unbi-
ased comparison among the three groups;
furthermore, the small sample size does not
allow the identification of possible statisti-
cally significant differences. For these rea-
sons, the study has a descriptive nature.

Conclusions

In conclusion, the study shows similar
effectiveness and safety of different insulin
schemes during a pediatric summer diabetes
camp when associated with a flexible algo-
rithm for the management of T1DM based
on CHO counting and ISF. Despite its longer
half-life, IDeg use is not associated with an
increased risk of hypoglycemia. Other stud-
ies are needed to further optimize insulin
management during diabetes camps, partic-
ularly with reference to the last generation of
short-acting and long-acting insulins. The
role of continuous glucose monitoring sys-
tems in personalizing insulin treatment also
deserves further investigation.

[Pediatric Reports 2020; 12:8254]
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