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Abstract

Background: Evidence exists showing that various aspects of diet are implicated in the etiology 

of prostate cancer, although results across studies remain inconsistent.

Methods: We examined the ability of the dietary inflammatory index (DII) to predict prostate 

cancer in a case-control study conducted in Kingston, Ontario, Canada between 1997 and 1999. 

Cases were 72 incident primary prostate cancer patients and controls were 302 urology clinic 

patients who had prostate conditions other than prostate cancer. The DII was computed based on 

intake of 18 nutrients assessed using a 67-item food frequency questionnaire. Univariate and 

multivariate logistic regression models were used to estimate odds ratios (OR).

Results: Men with higher DII scores were at increased risk of prostate cancer using DII score fit 

both as a continuous (OR=1.58, 95% confidence interval, CI, 1.05–2.38) and categorical variable 

[compared to men in the lowest DII quartile men in the highest quartile were at elevated risk (OR 

= 3.50, 95% CI 1.25–9.80; p-trend=0.02)]. There was no significant heterogeneity by weight status 

but stronger association was observed in men with BMI >25kg/m2 versus <25 kg/m2.
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Conclusion: These findings suggest that a pro-inflammatory diet, as indicated by increasing DII 

score, is a risk factor for prostate cancer.
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Introduction

Prostate cancer is the most common cancer among Canadian males, with an incidence rate 

of 114.7 cases per 100,000 per year in 2016(1). Considerable evidence is accumulating on 

the role of chronic inflammation in prostate cancer (2–4). Typically, the body responds to 

any kind of tissue insult or injury by releasing inflammatory cytokines, which leads to 

wound healing and successfully mounting immune responses to fight infections (5, 6). These 

responses include immune surveillance to identify and destroy early cancers (7, 8). By 

contrast, chronic low-grade systemic inflammation is a persistent condition resulting in 

tissue destruction and repair occurring simultaneously over a long period of time (9, 10). 

This involves continuous recruitment of pro-inflammatory cytokines associated with 

increased blood flow to the injured tissue, due to histamine released by damaged mast cells 

(5).

Results from a case-control study in Australia showed that men with prostate cancer have 

higher levels of the pro-inflammatory marker, interleukin-6 (IL-6), compared to men with 

benign prostate neoplasms (11). Similarly in a case-control study in Korea statistically 

significantly higher levels of C-reactive protein (CRP), another pro-inflammatory marker, 

were seen in men with prostate cancer compared to men with benign prostatic hypertrophy 

(12). These results are consistent with the hypothesis that innate immunity and inflammation 

play a role in prostate cancer (13).

There is growing evidence that specific dietary components influence both acute and chronic 

inflammation (14–17). Diet represents a complex set of exposures that often interact, and 

cumulative effects may modify both inflammatory responses and health outcomes (18). 

Although many studies have been conducted to discern the relationship between diet and 

prostate cancer, results are inconclusive (19–21). According to the Second Expert Report 

from the World Cancer Research Fund, there is probable evidence that being overweight and 

obese is a strong risk factor for advanced prostate cancer, and there is limited suggestive 

evidence that dairy products, diets high in calcium and low in alpha-tocopherol and selenium 

increase prostate cancer risk (18).

Previous research among Kingston, Ontario men showed that those with a dietary pattern 

higher in processed foods that includes pro-inflammatory items such as processed red and 

organ meats, refined grains, soft drinks, vegetable oils and juices were at higher risk of 

prostate cancer (22). The literature-derived dietary inflammatory index (DII™) (23), which 

has been validated with various inflammatory markers, including C-reactive protein (24, 25), 

IL-6 (26, 27), and homocysteine (26), has been positively associated with risk of prostate 

cancer in Italy and Jamaica (28, 29). The objective of this case-control study, conducted in 
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Kingston, Ontario, was to determine the association between DII scores and prostate cancer 

risk.

Methods

Participants were men with no previous cancer diagnosis aged 50–80 years scheduled for 

prostate core biopsy or attending a urology clinic from 1997–1999 in Kingston, Ontario, 

Canada. Of 676 eligible men, 46 refused and 20 were lost to follow-up. Of the 610 men 

recruited to the study, mailed questionnaires were completed by 90% of this sample prior to 

diagnosis. These included questions on family history of prostate cancer, physical activity as 

a teenager, education, weight at age 40, height and dietary information. Of the 241 men 

undergoing biopsy, 80 cases of incident primary prostate cancer were identified. After 

excluding those with prostatic intraepithelial neoplasia (n=25) and missing or abnormal PSA 

results (>4ng/ml) (n=52), controls included 136 men who were biopsy negative for prostate 

cancer and 198 men who visited the same urologists and were not scheduled for a biopsy, for 

a total of 334 controls. Controls were diagnosed with erectile dysfunction, prostatitis, benign 

prostatic hyperplasia and various other urinary conditions. Finally, 32 controls and 8 cases 

were excluded due to at least one missing dietary variable; therefore, the analyses are based 

on 72 cases and 302 controls. A detailed description of methods and earlier results for this 

case-control study have been published previously (30, 31). The study was approved by the 

Health Sciences Research Ethics Board at Queen’s University and Kingston General 

Hospital.

Participants were asked to recall their average consumption of 67 food and beverage items 

two years prior to interview using a validated food frequency questionnaire (FFQ) adapted 

from Byers et al (32). These dietary items were chosen as they account for the majority of 

the variability in intake of various macronutrients and vitamins regarded as important in 

cancer, including total energy intake, carbohydrates, protein, fat, cholesterol, fiber and 

vitamin A (33). The questionnaire also was modified to take into account foods routinely 

consumed by the Canadian population. The FFQ recorded the consumption of food items in 

6 categories: never or less than once per month, 1–3 times per month, 1 or 2 times per week, 

3 or 4 times per week, 5 or 6 times per week, or daily. Seven categories were included for 

beverages: none or less than once per week, 1–6 times per week, 1 time per day, 2 times per 

day, 3 times per day, 4 times per day or 5 or more times per day. Serving sizes for foods and 

beverages were recorded as small, medium and large. The Canadian Nutrient File (34) was 

used to estimate nutrient intake based on the participant’s reported consumption.

To calculate DII scores, dietary consumption data were linked to a world database that 

provided a global estimate of a mean and standard deviation for each dietary parameter 

(nutrients, food items and flavonoids) (24). The global database, consisting of data from 11 

countries, was developed to provide a reference for intake during the design phase of the DII 

in 2014 (24). This was achieved by subtracting the “standard global mean” from the intake 

reported in the FFQ and dividing this by the standard deviation (both calculated from the 

world database) to obtain ‘z’ scores. To minimize the effect of “right skewing”, these ‘z’ 

scores were then converted to a centered proportion score by doubling the z-score expressed 

on a scale of 0 to 1 and then subtracting 1. The centered percentile score for each food 
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parameter for each individual was then multiplied by the respective food parameter effect 

score (inflammatory potential for each food parameter), which was derived from the 

literature review, in order to obtain a food parameter-specific DII score for an individual. All 

of the food parameter-specific DII scores (n=18) were then summed to create the overall DII 

score for each participant in the study (24). Details of the steps involved in calculating the 

DII are described in Figure 1. A description of validation work, including both dietary 

recalls and the 7-day dietary recall also is available (35). Previously, we did not observe an 

attenuated association between DII and C-reactive protein > 3mg/l when we moved from an 

exhaustive list of 44 food parameters derived from 24-hour recalls to 28 from the 7-day 

dietary recall, a structured questionnaire similar to an FFQ, (OR = 1·08; 95% CI 1·01, 1·16, 

P = 0·035 for the 24HR; and OR = 1·10; 95% CI 1·02, 1·19, P = 0·015 for 7-day dietary 

recall) (35).

All of the 18 food parameters used for DII calculation were nutrients and out of these 18 

food parameters 8 (energy, carbohydrate, total fat, cholesterol, vitamin-B12, iron, protein 

and saturated fat) have pro- inflammatory scores. The remaining 10 (mono-unsaturated fat, 

poly-unsaturated fat, omega-3, niacin, thiamin, riboflavin, vitamin-B6, zinc, vitamin A, folic 

acid) have anti-inflammatory scores which are derived from extensive literature review (24). 

A higher DII score indicates a more pro-inflammatory diet and a lower DII score indicates a 

more anti-inflammatory diet. The 27 food parameters missing from this study are: omega-6 

fatty acid, trans fat, vitamin- C, D, E, magnesium, selenium, alcohol, beta carotene, fiber, 

anthocyanidins eugenol, flavan3ol, flavones, flavonols, flavonones, isoflavones, caffeine, 

garlic, ginger, onion, saffron, turmeric, pepper, thyme, rosemary and tea. Data on these food 

parameters were not available because Canadian Nutrient file that was used to extract 

nutrient values for this study did not have information on these 27 food parameters.

DII scores were analyzed both as continuous and categorized by quartiles of exposure. DII 

(as quartiles) was examined across the following characteristics: age, education, BMI, 

tobacco smoking, and family history of prostate cancer using ANOVA for continuous 

variables or χ2 test for categorical ones. To understand the dietary profile for each quartile 

of DII, we examined the distribution of various food groups across quartiles of DII. An 

ANOVA was used to test for differences. Odds ratio (OR) and corresponding 95% 

confidence intervals (95% CI) were estimated using logistic regression models. A 

parsimonious model predicting prostate cancer risk was identified from these potential 

covariates: age, income, ethnicity, education, family history of a first-degree relative with 

prostate or breast cancer, medical history, smoking, physical activity as a teenager, energy 

intake and body mass index (BMI). The exposure time window for physical activity and 

cancer is usually at least 10 or 20 years prior to at the time of cancer diagnosis, and may be 

much longer for prostate cancer. Current physical activity would capture the wrong exposure 

time window since cancer has already occurred (36). After a backward selection screening 

procedure, age, physical activity as a teenager, energy intake, and family history of prostate 

cancer were retained in the model at the 0.20 significance level. Linear tests for trend were 

performed using the median value within each quartile as an ordinal variable. Two 

sensitivity analyses were conducted; in the first controls were restricted to those who had a 

negative biopsy; and in the second cases were restricted to those men with a Gleason score 

≥7. Statistical tests were performed using SAS® 9.3 (SAS Institute Inc., Cary, NC), and all 
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hypotheses tests were two-sided. The study power to examine the relationship between 72 

prostate cancer cases and 302 controls using a logistic model was 88% (37) and the effect 

size for this is based on the DII and prostate cancer study in Jamaica (28).

Results

The distribution of prostate cancer cases and controls according to age, education, and other 

variables is presented in Table 1. The only statistically significant difference between cases 

and controls was for physical activity as a teenager, where cases more frequently report 

“low” than controls.

Men with higher DII scores (higher quartiles) were younger compared to men in lower 

quartiles (p<0.01) (Table 2). There also was a higher percentage of men with less than a high 

school education in quartile 4 compared to quartile 1 (p=0.01). A significant reduction in the 

consumption of vegetables, fruits, egg, poultry and seafood across quartile of DII scores also 

was observed (Table 3).

An association was seen for continuous DII in multivariable analysis, with an OR of 1.58 

(95% CI 1.05–2.38); i.e., a one unit increase in DII, corresponding to ~7% of its global 

range (+7.98 to −8.87) was associated with a 58% increase in prostate cancer risk (Table 4). 

Associations between quartiles of DII exposure and risk of prostate cancer also are shown in 

Table 3. In addition to a statistically significant increased risk for quartiles 3 and 4, there was 

evidence of a linear trend of increasing risk as the inflammatory index increases 

(ptrend=0.02). In the first sensitivity analysis where controls were restricted to those who had 

a negative biopsy, the OR for one unit increase in DII was 2.02 (95% CI 1.13–3.59), an even 

higher magnitude of risk. In the second sensitivity analysis in which cases were restricted to 

those with a Gleason score ≥7 (n=37), the OR per unit change of DII was 1.60 (95% CI 

0.94–2.72). While this result is in the same range as the confidence intervals of the previous 

results from the whole sample, this analysis was adversely affected by the much smaller 

sample size.

Results obtained within strata of BMI (<25 vs ≥25kg/m2) at 40 years of age are presented in 

Table 5. There was no significant heterogeneity (p =0.20) by weight status, but a stronger 

association was seen for DII quartiles among those whose BMI was ≥25 kg/m2, especially in 

the highest quartile of DII (OR=5.77, 95% CI=1.09–30.49). For the continuous measure of 

DII among those whose BMI was ≥25 kg/m2, increased risk similar to that seen in the 

overall population was observed (OR=1.94; 95% CI=1.02–3.67).

Discussion

Using data from a case-control study on diet and prostate cancer conducted in Ontario, 

Canada we demonstrated a positive association between DII score and prostate cancer risk, 

with statistically significant risk estimates for DII as a continuous variable, and for exposure 

expressed as quartiles of DII with an indication of a trend. We also observed that men in the 

highest DII quartile consumed the lowest amount of plant-based foods, including vegetables 

and fruits. These results support the hypothesis that men with a pro-inflammatory diet are at 

higher risk of prostate cancer (13). Consistency of findings for this hypothesis is improving. 
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For example, in a large case-control study in Italy, there was a modest increased risk in 

quartiles 3 and 4 relative to quartile 1 of the DII (ORQuartile 3 v. 1 1.32, 95% CI =1.03–1.69 

and ORQuartile 4 v. 1 1.33, 95% CI 1.01–1.76; ptrend = 0.04) (29). In another case-control 

study in Jamaica, men in the highest quartile of the DII were at higher risk of prostate cancer 

(OR = 2.39; 95% CI= 1.14–5.04) (28). A positive association of similar magnitude was 

observed in a prospective study in France, (HRQuartile 4 v. 1 2.08, 95% CI 1.06–4.09) (38). 

These results show that the DII can be applied to a variety of populations, using any 

competent dietary assessment tool, including different types of validated FFQs.

It is interesting to note that we observed a stronger association between DII scores and 

prostate cancer among men with BMI ≥25 kg/m2 at 40 years of age compared to men with 

BMI <25 kg/m2. Because obesity is, itself, a pro-inflammatory state, this association may 

reflect synergy between adiposity and diet-associated inflammation (39). However, these 

results should be viewed with caution because the test for heterogeneity was not significant.

Some studies have shown that dietary factors exert an array of effects that increase the risk 

of prostate cancer (e.g., dietary fat, meat, and carbohydrate intake) (40, 41); while others, 

such as isoflavones (42), soy (43), coffee, flavonoids and tea, have been shown to reduce risk 

(41, 44). Out of these 18 food parameters used to compute DII scores in this study, 

carbohydrates, saturated fat and vitamin B12 have pro-inflammatory effects and results in 

increased risk while omega-3 fatty acids have an anti-inflammatory effect and reduce the 

risk of prostate cancer (45).

The positive association of the DII with prostate cancer in this case-control study is of 

specific interest as the results provide further evidence showing that a pro-inflammatory diet 

is associated with an increase in the risk of prostate cancer (46, 47). One of the possible 

mechanisms responsible for this association is the effect of a pro-inflammatory diet on 

systemic inflammation and insulin resistance (48, 49). Along this line, a diet characterized 

by a high glycemic load has been related to increased prostate cancer risk (50). A diet rich in 

pro-inflammatory constituents, such as saturated fat, also causes cell proliferation, 

inflammation, and oxidative stress that can lead to benign prostatic hyperplasia, prostatitis, 

and possibly cancer of the prostate (51).

Typically, human diets consist of both pro-inflammatory and anti-inflammatory foods, 

nutrients, and other food constituents. The influence of diet on cancer is difficult to estimate, 

and challenges in dietary exposure assessment are normally greatest in case-control studies, 

where disease-related information bias is a special concern (18). A major strength of this 

study is that subjects going to biopsy completed the questionnaire prior to knowledge of 

their disease status, thus avoiding disease-related recall and interviewer biases, a common 

pitfall of case-control studies. This design feature strengthens the internal validity of the 

results. However, we acknowledge that recall of past diet might be influenced by current diet 

leading to some non-differential misclassification bias, which would tend to attenuate the 

observed associations towards the null. Another major strength of this study is that selection 

bias is avoided because we included as controls only those men with normal PSA and DRE 

results within the year prior to enrollment (non-biopsied urology controls), as well as men 

who were assessed for prostate cancer and had negative biopsy results (biopsy-confirmed 

Shivappa et al. Page 6

Nutr Cancer. Author manuscript; available in PMC 2018 August 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



healthy controls). Therefore, controls were similar to cases in their health-seeking behavior 

and all participants were screened by PSA to exclude latent prostate carcinoma.

It also should be made clear that 18 of the 45 food parameters mentioned in the DII 

development paper were used to calculate DII scores (24). This is a limitation of this study; 

however, in previous validation studies with inflammatory markers as outcomes, we have 

shown that there is no decrease in the predictive ability when we reduce the number of food 

parameters to 28 (35). In a study conducted in Belgium, for example, the DII derived from 

only 17 food parameters was associated with inflammatory markers (26). While we have not 

conducted a validation study to examine how reducing food parameters to 18 would affect 

predictability, some of the missing parameters here are not commonly consumed in large 

quantities in the Kingston, Ontario population (e.g., turmeric, ginger, garlic, saffron); hence, 

we think that these missing food parameters do not pose a severe limitation. The global 

database for the DII was created to include dietary consumption of the 45 food parameters 

from 11 countries in order to obtain a wide spectrum of consumption: USA, Mexico, 

England, Denmark, India, Australia, New Zealand, Bahrain, Scotland, South Korea, and 

Japan (24), and mean values of the food parameters from this database should be 

representative of the average consumption of these parameters across the world. However, 

we acknowledge that a limitation of the study is the lack of information on inflammatory 

markers that could be validated with these DII scores. Another important limitation of the 

study is that exposure window period for PA and BMI was different than for diet and this 

may have had an influence on our results.

Our findings of a positive association of DII with prostate cancer are biologically plausible 

and could be related to immune factors (51–53). In conclusion, this study on prostate cancer 

and DII indicates a possible role of diet on prostate cancer risk through the process of 

inflammation. However, there is a need for other studies to be conducted in different 

populations and with prospective cohorts to more firmly establish cause and effect.
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Figure 1. 
Sequence of steps in creating the dietary inflammatory index in the Canadian Prostate case-

control study
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Table 1.

Distribution of 72 prostate cancer cases and 302 controls according to selected characteristics, Kingston, 

Ontario, Canada, 1997–1999.

Characteristic
a Cases (n=72) Controls (302) p-value

Age (years)
Mean (SD)

65.1 (6.0) 63.5 (6.9) 0.06

Income per person (%)

Lower 39 (54.2) 154 (51.0) 0.63

Higher 33 (45.8) 148 (49.0)

Ethnic background (%) 0.57

British 53 (73.6) 212 (70.2)

Other 19 (26.4) 90 (29.8)

Education (%)

≤ High school 39 (54.2) 156 (51.7) 0.70

> High school 33 (45.8) 146 (48.3)

Body mass index (kg/m2) at age 40
Mean (SD)

24.9 (2.8) 24.8 (2.9) 0.82

Smoking (%) 0.98

Ever smoker 23 (31.9) 97 (32.1)

Non smoker 49 (68.1) 205 (67.9)

Family history of prostate cancer
b
 (%)

  No 50 (69.4) 229 (75.8) 0.26

  Yes 22 (30.6) 73 (24.2)

Physical activity as a teenager (%) 0.02

  Low 16 (22.2) 113 (37.4)

  Moderate 37 (51.4) 145 (48.0)

  Strenuous 19 (26.4) 44 (14.6)

a
Mean (SD) for continuous or frequency (%) for categorical variables.

b
In first-degree relatives.
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Table 2.

Participants’ characteristics across quartiles of dietary inflammatory index (DII) among 302 controls, 

Kingston, Ontario, Canada, 1997–1999.

Characteristics
c

DII quartiles

< −0.52 −0.52,−0.20 −0.21,0.68 >0.68 p-value
c

Age (yr) 
a 65.9±6.6 63.4±6.0 62.7±6.6 62.2±7.9 0.001

Ethnicity 0.12

British 50 (68.5) 52 (67.5) 65 (80.2) 45 (63.4)

Others 23 (31.5 25 (32.5) 16 (19.8) 26 (36.6)

Education (years) 0.01

≤ High school 34 (46.6) 28 (36.4) 39 (48.1) 45 (63.4)

> High school 39 (53.4) 49 (63.6) 42 (51.9) 26 (36.6)

Income 0.50

Lower 38 (52.0) 32 (41.6) 41 (50.6) 37 (52.1)

Higher 35 (48.0) 45 (58.4) 40 (49.4) 34 (47.9)

Body mass index (kg/m2)
a 25.1±3.4 24.3±2.5 24.7±2.6 25.2±3.3 0.65

Smoking 0.26

Ever smoker 25 (34.2) 28 (36.7) 28 (34.6) 16 (22.5)

Non smoker 48 (65.8) 49 (63.6) 53 (65.4) 55 (77.5)

Family history of prostate cancer
b 0.24

  No 50 (68.5) 62 (80.5) 65 (80.2) 52 (73.2)

  Yes 23 (31.5) 15 (19.5) 16 (19.8) 19 (26.8)

Physical Activity as a teenager 0.06

  Low 28 (38.4) 30 (39.0) 29 (35.8) 26 (36.6)

  Moderate 25 (34.2) 38 (49.3) 43 (53.1) 30 (43.3)

  Strenuous 18 (24.7) 8 (10.4) 8 (9.9) 10 (14.1)

a
Mean± standard deviation.

b
In first-degree relatives.

c
t test for continuous variables and chi-square test for categorical variables.
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Table 3.

Distribution of food groups across quartiles of the dietary inflammatory index (DII) among 302 controls, 

Kingston, Ontario, Canada, 1997–1999.

Food groups DII quartile, Servings/week±standard deviation P-value
a

1 2 3 4

Fruits 14.0±3.4 11.7±3.0 10.6±2.6 8.5±2.4 <0.0001

Vegetables 26.3±3.7 23.4±2.6 21.3±2.8 18.7±3.2 <0.0001

French fries 2.1±0.9 2.2±0.9 2.2±0.8 2.2±0.8 0.45

Butter 2.8±2.0 3.3±2.2 3.1±2.1 3.0±2.0 0.87

Egg 3.0±0.9 2.8±0.8 2.9±0.9 2.6±1.2 0.02

Poultry 3.1±0,8 2.9±0.7 2.8±0.7 2.4±0.8 <0.0001

Ice cream 2.3±1.1 2.4±1.0 2.3±1.1 2.1±1.1 0.20

Broccoli 3.0±0.9 2.6±0.8 2.2±0.8 1.8±0.7 <0.0001

Sea food 3.8±1.1 3.2±0.8 3.2±0.7 2.7±0.7 <0.0001

Chocolate 2.1±0.9 1.9±0.9 2.0±0.9 2.9±1.3 0.66

a
ANOVA was used for all the food groups.
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Table 4.

Odds ratios (OR) and corresponding confidence intervals (CI) for quartiles of DII and prostate cancer risk, 

Kingston, Ontario, Canada, 1997–1999.

DII quartiles
ptrend

OR

(95% CI)
c

< −0.52 −0.52,−0.20 −0.21,0.68 >0.68

Cases/controls 14/73 22/77 18/81 18/71

Multivariable OR (95% CI)
a

1 
b 2.41

(1.06–5.51)
2.25

(0.93–5.52)
3.50

(1.25–9.80)
0.02 1.58

(1.05–2.38)

a
Adjusted for age, family history of prostate cancer, physical activity as a teenager and energy intake.

b
Reference category.

c
Continuous OR for one unit increment of the DII, corresponding to ≈7% of its global range.
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