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Abstract

Glycaemic index (GD and glycaemic load (GL) are indicators of dietary carbohydrate quantity and quality and have been associated with
increased risk of certain cancers and type 2 diabetes. Insulin resistance has been associated with increased melanoma risk. However, GI and GL
have not been investigated for melanoma. We present the first study to examine the possible association of GI and GL with melanoma risk. We
carried out a population-based, case—control study involving 380 incident cases of cutaneous melanoma and 719 age- and sex-matched controls
in a northern Italian region. Dietary GI and GL were computed for each subject using data from a self-administered, semi-quantitative food
frequency questionnaire. We computed the odds ratio (OR) for melanoma according to quintiles of distribution of GL and GL among controls. A
direct association between melanoma risk and GL emerged in females (OR 2:38; 95 % CI 125, 4-52 for the highest ». the lowest quintile of GL
score, Pror wend 0-070) but not in males. The association in females persisted in the multivariable analysis after adjusting for several potential
confounders. There was no evidence of an association between GI and melanoma risk. GL might be associated with melanoma risk in females.
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(

The dietary glycaemic index (GD) of a carbohydrate-containing food diseases, including cancer®®®. GI varies considerably for different

is an indicator of its effect on postprandial blood glucose response,
compared with the response elicited by administration of glucose
with equivalent carbohydrate content. Epidemiological studies
suggest a possible role of dietary GI in increasing the risk of cancer
at some sites"™, and there appears to be a biological plausibility
for such an association™®. GI has been found to modulate insulin
sensitivity”. Low-GI diets compared with high-GI diets may
improve glycaemic control, leading to lower insulin output and
inflammatory responses and possibly a lower risk of several chronic

foods depending on several factors such as the amounts and types
of carbohydrates and the cooking method. The product of a food’s
GI and its total carbohydrate content is represented by another
indicator called the glycaemic load (GL). GL accounts not only for
carbohydrate quality but also for quantity™®. Findings from the
Italian component (European Prospective Investigation into Cancer
and Nutrition (EPIC)-Ttaly) of the EPIC initiative have suggested that
GL and carbohydrate intake are positively associated with breast
cancer and colon cancer risk®'".

Abbreviations: EPIC, European Prospective Investigation into Cancer and Nutrition; GI, glycaemic index; GL, glycaemic load; SFA; saturated fatty acids; FFQ,

food frequency questionnaire; OR, odds ratio; CI, confidence interval.
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The risk of malignant melanoma, which has been associated
with ultraviolet exposure, atypical nevi and genetic factors, has
also been found to be linked to dietary factors ' In a pre-
vious study, we found an association between carbohydrate
intake and melanoma risk">, and insulin resistance has been
suggested to occur in melanoma patients’'”. However, no
study appears to have evaluated the association between GI
and GL and risk of melanoma. We sought to address this
question using a population-based, case—control study in an
Italian community.

Methods

Details of our case—control study on dietary risk factors for cuta-
neous melanoma in the population of five provinces of the Emilia
Romagna region, northern Italy (population about 3 000 000), have
been provided elsewhere"’™. In brief, during 2005-2006, we
attempted to recruit all patients with newly diagnosed cutaneous
malignant melanoma residing in the provinces of Bologna, Ferrara,
Modena, Parma and Reggio Emilia and attending the local der-
matological clinics. Inclusion criteria were a histologically based
recent diagnosis of cutaneous melanoma without clinical evidence
of metastasis. A total of 572 eligible patients were contacted by
their dermatologists to participate in the study, and 394 (689 %)
agreed to participate. In these subjects, the melanomas had a
median Breslow’s thickness of 0-61 mm, with no substantial dif-
ferences between males and females (0-179 by non-parametric K-
sample test on the equality of medians). All patients had under-
gone only surgical treatment for the disease. Each subject was
administered lifestyle and food frequency questionnaire (FFQ)
(see below) during a routine visit at the beginning of follow-up for
their disease. The questionnaires could be returned at the fol-
lowing visit or sent back to the Research Center for Environmental,
Genetic and Nutritional Epidemiology of Modena and Reggio
Emilia University. We randomly selected 2825 potential controls
matched to cases for sex, year of birth (&5 years) and province of
residence from the Emilia Romagna region National Health Service
directory (mandatory for all ITtalian residents), and we mailed
lifestyle and FFQ, a description of the study and a pre-paid return
envelope to them. A total of 747 (26-4 %) potential controls agreed
to participate in the present study and returned the questionnaires.
In all, fourteen cases and twenty-eight controls were excluded
from subsequent analysis because of incompleteness of data or
extreme values (ratio of total energy intake:calculated basal
metabolic rate lower than the 0-5th percentile or higher than the
99-5th percentile) derived from the FFQ. All participants gave their
written informed consent before enrolment.

Dietary assessment

We investigated subjects’ usual diet during the past 12 months
with a validated, semi-quantitative FFQ designed to capture
eating behaviours in Italy, specifically developed as part of the
EPIC study for the northern Italian population® V. The EPIC
questionnaire was designed to be self-administered, and was
checked by trained personnel after compilation. Participants
were asked to respond to 248 questions about 188 different
food items, including seasonal foodstuffs, and to indicate the

number of times a given item was consumed (per day, week,
month or year), from which the absolute frequency of con-
sumption of each item was calculated. The quantity of food
consumed was assessed by selecting an image of a food portion
or by selecting a predefined standard portion when no image
was available. The food items were then linked, using specially
designed software®®| to the Ttalian Food Tables®?
estimates of daily intake of macronutrients and micronutrients
plus energy. GI of food items containing available carbohy-
drates were obtained from the Italian Glycemic Index Table
(managed by the Department of Food Sciences, University of
Parma, based on direct analysis of main carbohydrate food
sources in Italy), which contains about 150 food products
covering >90 % of the carbohydrate intake of people living in
Italy. When a food consumed was not present in the table, we
used the GI value published elsewhere (GI international
tables®® and www.glycemicindex.com®). We computed the
daily average dietary GI for each participant as the sum of the
GI of each food item consumed, multiplied by the average daily
amount consumed and the percentage of carbohydrate content,
all divided by the total daily carbohydrate intake. The daily
average dietary GL was calculated similarly except that there
was no division by total carbohydrate intake. Total carbohy-
drate intake (g/d) was calculated using the Food Composition
Database for Epidemiologic Research in Italy published by the
European Oncology Institute®?.

to obtain

Additional variables

Each participant provided information on demographic char-
acteristics (place and date of birth, province of residence, marital
status, education), weight and height, phenotypic characteristics
(eye, hair and skin colour), sunburn history (never, first before
18 years of age, first after 18 years of age) and skin reaction to
sunlight exposure (speed of tan and tendency to burn). We
classified eye colour into light (blue/green), light brown and dark
(brown/black) categories. Hair colour was classified as blond,
red, light brown or dark brown/black at 20 years, and skin colour
was classified as white, light brown, brown/olive or dark brown/
ebony. On the basis of these categories, each subject was
assigned to a phototype using the Fitzpatrick phototyping
scale®. We computed BMI as weight/height’ (kg/m?® and
categorised subjects as normal weight, overweight or obese
according to commonly used definitions®®.

Statistical analysis

Analyses were conducted overall and stratified by sex. We
computed the odds ratio (OR) for melanoma according to quintiles
of distribution (among controls) of GI, GL and total carbohydrates,
sugars and starch after adjusting for energy intake using the Willett
nutrient residual method®”. OR and 95% CI were computed
using conditional logistic regression analysis, adjusting for educa-
tion (four categories), BMI (continuous), phototype (four cate-
gories), skin sensitivity to sun exposure (five categories), sunburns
history (three categories) and dietary intake of total energy (con-
tinuous), vitamin C (continuous), vitamin D (continuous), satu-
rated fatty acids (SFA) (continuous) and fibre (continuous). Trends
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in the associations between GI and GL scores and risk were
assessed by computing P values based on their values as con-
tinuous variables in conditional logistic regression models®®.
Finally, we modelled the association between GI and GL scores
and risk of cutaneous melanoma using restricted cubic splines,
computed with mkspline and xblc commands of Stata 14 statistical
software (StataCorp LP, 2015)?. We selected the optimal number
of knots according to Akaike’s information criterion and used the
knot-placement method recommended by Harrell®”, which led

us to place three knots, at the 10th, 50th and 90th percentiles.

Results

A total of 380 cases (175 men and 205 women, aged 58 + 16 and
53 + 15 years, respectively) and 719 age-, sex- and province of
residence-matched controls were included in the analysis.
Demographic and clinical characteristics of cases and controls
are reported in Table 1. Educational attainment and marital
status were similar in cases and controls, whereas cases tended
to have more fair skin types, high tendency to burn and were
more likely to report a history of sunburns, ever and particularly

M. Malavolti er al.

after 18 years. Dietary characteristics related to the amount of
carbohydrates, summarised in Table 2, showed that cases
tended to have slightly higher GI and slightly lower total sugar
intakes compared with controls and a higher intakes of starch.
GI and GL were positively correlated (7 0-44; 95 % CI 0-39, 0-48).

Table 3 presents the unadjusted and adjusted OR for
melanoma and corresponding 95 % CI according to quintiles of
GI, GL and other dietary carbohydrates for the overall sample.
The results suggest a positive association between GL and
melanoma risk with OR 1-53 (95% CI 1-02, 2-:30) after com-
parison between the highest (Q5) and the lowest (Q1) quintiles
in the unadjusted model, which was attenuated and less precise
in the adjusted model (OR 1-:35; 95% CI 0-80, 2:27, Q5 v. QD).
No positive association emerged between GI and melanoma
risk. The results also suggest that a higher risk of melanoma is
associated with higher intakes of starch (adjusted OR 1-88; 95 %
CI 1-05, 3-40, Q5 v. QI).

Table 4 summarises analyses stratified by sex, adjusting for all
covariates or only for energy and two dietary factors previously
found to be associated with disease risk in our study population,
vitamins C and D. The association between GL and melanoma

Table 1. Characteristics of the study participants by case—control status

(Numbers and percentages)

Cases Controls
n % n % P*

Subjects 380 34-6 719 654
Sex

Male 175 46-1 319 44.4

Female 205 53-9 400 55-6
Age (years)

<50 146 384 272 378

>50 234 61-6 447 622
Education

Elementary or less 91 241 170 238

Middle school 95 251 176 246

High school 136 36-0 266 37:2

College or more 56 14-8 103 144 0-983
Marital status

Married 257 67-6 493 68-7

Unmarried/single 68 179 103 14.3

Divorced 23 6-0 48 66

Widowed 31 82 74 10

Unknown 1 0-3 1 0-1 0-461
BMI (kg/m?)

<25 195 51.3 351 48-8

>25 to <30 133 350 287 399

>30 52 13.7 81 11-3 0-307
Phototypet

| 105 27-6 109 15-2

1l 136 358 238 331

1 122 321 312 434

\Y) 17 4.5 60 83 <0-001
Sunburn history

Never 182 479 452 62-9

Before 18 years 108 284 164 228

After 18 years 90 237 103 14.3 <0-001
Skin sensitivity to sun exposure

High tendency to burn and never tan 21 55 22 31

High tendency to burn and moderate tan 117 30-8 131 18

Moderate tendency to burn and gradual tan 160 421 357 49.7

No tendency to burn and golden tan 65 171 149 207

No tendency to burn and intense tan 17 4.5 60 83 <0-001

* P values from x? tests.

1 Phototype |, eyes/hair/skin light, high tendency to burn and never/moderate tan; phototype II, eyes/hair/skin light, moderate tendency to burn
and gradual tan, or eyes/hair/skin brown high tendency to burn and moderate tan; phototype lll, eyes/hair/skin brown, moderate/no tendency to
burn and gradual/golden tan; phototype IV, no tendency to burn and intense tan.
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Table 2. Dietary characteristics of the study participants by case—control status

(Mean values and standard deviations)

Cases Controls
Mean* sD Mean* SD Pt
Glycaemic index 52-0 32 51.7 32 0-069
Glycaemic load 124.9 241 1221 241 0-389
Total carbohydrates (g/d) 2397 95.0 235-5 96-1 0-483
Total sugars (g/d) 98-4 45-4 103-9 531 0-088
Starch (g/d) 1411 69-6 1314 65-3 0-022

* Daily dietary average.
1 P values from two sample t tests.

Table 3. Overall OR for cutaneous melanoma according to quintiles of daily average of glycaemic load, glycaemic index and total carbohydrates, total

sugars and starch intakest
(Odds ratios and 95% confidence intervals; cases/controls, medians)

Quintiles
Q1 Q2 Q3 Q4 Q5

All subjects (380/719 cases/controls) OR OR 95% CI OR 95% CI OR 95 % Cl OR 95% CI Pyend®
Glycaemic load

Cases/controls 61/144 69/144 76/144 80/144 94/143

Median 92.0 112-9 122.0 132-1 149.7

ORt 1.00 119 079, 1-80 1.28 0-84, 1-95 1-40 093, 212 1.53 1.02, 2-30 0-074

OR§ 1.00 1.16 0-74, 1-83 1.26 078, 2-02 1-28 0-79, 2.07 1.35 0-80, 2-.27 0-450
Glycaemic index

Cases/controls 71144 68/144 74/144 80/144 87/144

Median 477 50-1 51.7 532 55.7

ORt 1.00 0-90 0-60, 1-36 0-97 0-65, 1-45 1-08 072, 1-62 1.16 077, 1-76 0127

ORS§ 1.00 0.78 051, 1.22 0-85 055, 1-31 0-88 0-56, 1-37 0-88 0-55, 1-42 0-802
Total carbohydrates (g/d)

Cases/controls 63/144 67/144 80/144 80/144 90/143

Median (g/d) 1855 2196 2369 2538 281.7

ORt 1.00 1-09 0-71, 1-68 1.32 0-87, 1-99 1-31 0-86, 1-99 1-43 095, 2-15 0-090

OR§ 1.00 1.04 0-66, 1-64 1.26 0-80, 1-99 1.28 0-80, 2-03 1.26 077, 2.07 0-319
Total sugars (g/d)

Cases/controls 81/144 83/144 89/144 72/144 55/143

Median (g/d) 624 836 101-0 118.0 1477

ORt 1.00 1-01 0-68, 1-50 1.09 073, 1-62 0-89 0-59, 1-35 0-67 0-43, 1-03 0-021

OR§ 1.00 1.06 0-70, 1-62 1.29 0-83, 1-99 0-99 062, 1-59 0-76 047, 1-25 0-180
Starch (g/d)

Cases/controls 55/144 65/144 60/144 97/144 103/143

Median (g/d) 80-4 1121 131-0 1499 181-5

ORt 1-00 117 075, 1.84 111 070, 1.73 1.75 1-14, 2.69 1.93 1.26, 2-.97 <0-001

OR§ 1.00 1-21 0-73, 2-00 1.08 0-64, 1-81 1-69 0-99, 2-87 1-88 1-05, 3-40 0-008

* P for linear trend based on continuous values of intake.
1 Lowest quintile (Q1) as the referent category.
1 Unadjusted analysis.

§ Adjusted for intakes of SFA, vitamin C, vitamin D, fibre and total energy, phototype, skin sensitivity to sun exposure, sunburns history, BMI and education.

risk was observed among females only (fully adjusted OR 2-40;
95% CI 1-23, 470, Q5 v. Q1), although the OR across the GL
quintiles did not increase linearly. No evidence of any association
with GI emerged in either sex. Total carbohydrate intake was
also associated with melanoma risk only in females (fully
adjusted OR 2-18; 95% CI 1-16, 4-10, Q5 v. Q1), whereas the
inverse association with sugar intake was observed only in men
(OR 0-37; 95% CI 0-17, 0-80, Q5 v. Q1). There was suggestion of
a positive association of melanoma risk with starch intake for
men (OR 1:99; 95 % CI 1-04, 3-80, Q5 v. Q1) and for women (OR
2:00; 95% CI 1-11, 3-61, Q5 v. Q1), although these OR were
attenuated and less precise in fully adjusted analyses. Stratified

analyses for BMI, age and phototype did not reveal differences
(data not shown).

Plots estimating the association between odds of being a
case and GI and GL values, produced using regression spline
analysis, appeared to confirm a direct association between GL
and melanoma risk in females (Fig. 1).

Discussion

Although cutaneous melanoma has generally not been attributed
to lifestyle factors apart from recreational or occupational ultra-
violet exposure, our study is in line with growing epidemiological
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Table 4. Adjusted OR for melanoma in sex-stratified analysist

(Adjusted odds ratios and 95 % confidence intervals)

M. Malavolti er al.

Quintiles
Q1 Q2 Q3 Q4 Q5
OR OR 95% Cl OR 95% Cl OR 95% CI OR 95% CI Pirend”
Glycaemic load
Males
Cases/controls 41/78 34/75 33/55 31/54 36/57
ORt 1.00 0-90 053, 1-53 11 063, 2.04 1.20 067, 2-15 1-11 0-64, 1-93 0-485
OR§ 1.00 0-82 047, 1-42 1.0 0-58, 1.97 1.05 057, 1.93 0-86 047, 1.57 0-808
Females
Cases/controls 20/66 35/69 43/89 49/90 58/86
ORt 1-00 1-88 0-96, 3-66 1.67 0-88, 3-14 1-91 1-02, 3-59 2-38 1.25, 4.52 0-070
ORS§ 1.00 2.08 1.04, 414 1.77 0-92, 3-40 1.91 0-99, 3-66 2.40 1.23, 4-70 0-111
Glycaemic index
Males
Cases/controls 34/72 32/62 36/65 35/64 38/56
OR% 1.00 1.03 0-56, 1-92 1.02 0-57, 1-84 116 0-64, 2-10 1-31 0-70, 247 0-493
OR§ 1-00 1-02 0-54, 1-93 091 0-50, 1-66 1-02 0-56, 1-88 1-11 0-58, 2-14 0-967
Females
Cases/controls 37/72 36/82 38/79 45/80 49/87
ORt 1-00 0-81 046, 1-41 0-92 0-53, 1-61 1-00 057, 1.75 1.06 062, 1-84 0-154
ORS§ 1.00 0-79 045, 140 0-86 049, 151 0-93 053, 1-65 0-88 0-49, 1-56 0-428
Total carbohydrates (g/d)
Males
Cases/controls 81/40 67/34 66/36 43/36 62/29
ORt 1-00 1.04 0-58, 1-86 110 0-63, 1-92 1-67 0-93, 3-00 0-89 0-50, 1-60 0-554
ORS§ 1.00 0-97 053, 1.77 1.00 0-56, 1-78 1.52 0-83, 281 0-71 0-38, 1-32 0-868
Females
Cases/controls 63/23 77/33 78/44 101/44 81/61
ORt 1.00 1.20 0-63, 2.29 1.67 0-89, 3-13 1.24 066, 2-33 213 1-16, 3-91 0-069
OR§ 1.00 1-21 0-63, 2-35 1.68 0-88, 3-23 1.24 0-65, 2-39 218 1-16, 4-10 0-073
Total sugars (g/d)
Males
Cases/controls 102/61 65/36 52/37 51/29 49/12
ORt 1.00 091 0-54, 1-54 11 0-66, 1-92 091 0-51, 1-62 0-39 0-19, 0-79 0-036
OR§ 1.00 0-88 0-51, 1.50 11 0-66, 2-05 0-93 049, 1.74 0-37 0-17, 0-80 0-051
Females
Cases/controls 42/20 79/47 92/52 93/43 94/43
OR% 1.00 1.23 0-64, 2-36 1.21 0-63, 232 1.02 0-52, 2.00 0-95 0-50, 1-83 0-227
OR§ 1-00 1-33 0-68, 2-58 1-36 0-70, 265 1-26 0-62, 2-55 1.27 0-63, 2-54 0-897
Starch (g/d)
Males
Cases/controls 61/23 63/31 62/21 55/44 78/56
ORt 1.00 1.42 0-69, 2.91 0-94 045, 21.94 2.25 1-14, 4.43 1.99 1.04, 3-80 0-020
OR§ 1.00 1-29 0-62, 2-69 0-80 0-37,1.73 1.85 0-89, 3-81 1.60 079, 3-24 0173
Females
Cases/controls 83/32 81/34 82/39 89/53 65/47
OR% 1.00 1.05 0-58, 1-87 1.23 069, 2-18 1.48 0-85, 2.57 2.00 1-11, 3-61 0-005
ORS§ 1.00 0-95 052, 1.72 1.07 059, 1.94 1.27 071, 2.27 1.63 0-86, 3-12 0-052

* P for linear trend based on continuous values of intake.
1 Lowest quintile (Q1) as the referent.
1 Adjusted for vitamin C, vitamin D and total energy intakes.

§ Adjusted for intakes of SFA, vitamin C, vitamin D, fibre and total energy, phototype, skin sensitivity to sun exposure, sunburns history, BMI and education.

evidence suggesting a role of dietary factors in disease
aetiology(lz’ls‘17’19’31’34). In the present investigation, apparently
the first to evaluate an association of melanoma with GI and GL,
we identified an association of GL with disease risk, although only
in females and not always with a consistent trend. The observation
of an association between dietary factors and melanoma risk only
in females is not a new finding, as it has already been observed in
all previous studies carried out in this study population>'*3?
except one™®. In interpreting these results, it must be considered
that GL but not GI takes into account the amount of carbohydrate
consumed in addition to qualitative factors such the concomitant

intake of carbohydrates, fats and proteins, the processing of foods,
meal preparation and serving temperature. Therefore, dietary GL
is a more sensitive measure of postprandial glycaemia and insulin
demand than dietary GI®>*®. If melanoma risk is related to the
overall insulin demand, it could be expected to be more strongly
related to dietary GL than to dietary GI, consistent with what we
observed. Our findings can be interpreted in light of previous
studies that have found an association between GL, GI and risk of
different cancers**373®_ Some studies have found the association
with disease risk to be stronger for, or exclusive to, GL compared
with GI®7™,
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Fig. 1. Restricted cubic spline regression analysis of the odds of being a case according to the glycaemic load score, adjusting for SFA, vitamin C, vitamin D, fibre and
total energy intakes, phototype, skin sensitivity to sun exposure, sunburns history, BMI and education. - - - -, 95 % confidence limits. Reference line at 1-0.

The pathophysiological mechanism that would link GI or GL
to the aetiology of melanoma is still unknown. Gogas et al.“*
suggested a possible role of leptin in melanoma development.
Leptin levels are directly associated with obesity, insulin levels
and female sex“*** which may explain our findings of an
increased risk of melanoma in females only. This sex-specific
effect was also not unexpected on the basis of previous results
in this study sample, as diet quality and vitamin C intake had
shown an inverse association with disease risk that was largely
restricted to females'*?| already suggesting a potential effect
modification by sex.

There is growing evidence supporting an association of dietary
indices such as GL and GI with cancer risk at some
(1:2374540) The observation of a possible association of the
disease with metabolic syndrome and altered insulin sensitivity(m)
and, in our study population, of an inverse association between
soluble carbohydrate intake and melanoma risk, particularly in
19 add some plausibility to an association of GI and/or
GL with melanoma risk.

Our study has certain limitations. The FFQ was not originally
designed to estimate dietary GI and GL, although it carefully
assessed total carbohydrate and energy intakes. In particular, GI
and GL estimated through the EPIC FFQ may not accurately reflect
the glycaemic effects of consuming mixed dishes as compared with
individual food items. Another study limitation is the reduced
statistical precision of the risk estimates for some subgroups, as
shown by the wide CI. We also recognised that the study findings
should be further assessed in studies with cohort designs to
overcome the general limitations of case—control investigations.

The study also has strengths. Both selection and recall bias
are unlikely, as diet was not generally regarded as a risk
factor for melanoma, and we controlled for many potential
confounders in the analyses. We also note that in our population
the GI score distribution was comparable with that observed in
other surveys conducted in the Italian population, whereas the GL
score distribution was slightly lower'*”.

In conclusion, we observed an association between GL and
melanoma risk in an Italian population that was limited to
females, although the possibility of unmeasured confounding
cannot be ruled out. Further studies are warranted to fully
elucidate the role of GL and related dietary factors in predicting
risk of melanoma in humans, as well as to identify the reasons
limiting this association to females.

sites

females
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