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Abstract

Background Dietary factors may play a role in bladder cancer etiology through modulation of inflammation. The purpose of
this study was to examine the relationship between the inflammatory potential of diet, as estimated by the Dietary
Inflammatory Index (DII"), and bladder cancer risk.

Methods Energy-adjusted DII (E-DII™) scores were computed among 101,721 participants in the Prostate, Lung, Color-
ectal, and Ovarian (PLCO) study. Hazard ratios (HRs) and 95% confidence intervals (ClIs) were estimated using Cox
regression analysis stratified by sex, with adjustment for smoking status and other confounding.

Results Over a median of 12.5 years of follow-up, 776 bladder cancer cases were diagnosed. E-DII scores were not
associated with bladder cancer risk in the multivariable models. The HRs (95% ClIs) in the highest compared with the lowest
E-DII quintile were 0.90 (0.70-1.17) and 1.22 (0.72-2.06) for men and women, respectively. The associations did not differ
when DII score was set as a continuous variable. The HRs (95% CIs) of one-unit increment in the E-DII for bladder cancer
risk were 0.99 (0.96-1.02) and 1.01 (0.94-1.10) for men and women, respectively.

Conclusions Our study does not support an association between inflammatory potential of diet, as estimated by the E-DII,

and bladder cancer risk.

Introduction

Chronic inflammation is implicated in cancer and other
chronic diseases [1] and diet can modulate inflammation
[2, 3]. Numerous bioactive dietary components can inter-
fere with selected inflammatory pathways to affect meta-
bolic and genetic changes [2]. In addition, diet as a whole,
is likely to be more important than individual foods or
food constituents [4]. Therefore, the Dietary Inflammatory
Index (DII') was developed to capture the overall
inflammatory potential of diet [5]. It provides a quantita-
tive assessment of the inflammatory potential of diet and
has been found to be associated with various health out-
comes [6, 7].
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Two case-control studies have used the DII to assess the
association between dietary inflammatory potential and
bladder cancer risk in Iranian [8] and Italian [9] populations,
respectively. Both studies reported a significantly increased
risk in the most pro-inflammatory diet group as indicated by
higher DII scores. However, case-control studies are vul-
nerable to several types of bias, such as recall and selection
biases, which may distort the true associations. By contrast,
a prospective study performed in the Melbourne Colla-
borative Cohort Study (MCCS) reported a suggestive but
not significant association between DII and the risk of
urothelial cell carcinoma (HR Q5 vs. Q1: 1.24, 95% CI:
0.90-1.70) [10]. The objective of this study was to further
assess the association between the inflammatory potential of
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Table 1 Main characteristics of 101,721 subjects in the PLCO cohort

by sex.

Variables

Men (n =49,474) Women

(n=152,247)

Control group (n, %)

Age (years), mean (SD)

E-DII, mean (SD)
Smoking status (n, %)
Never

Current

Former

Missing

Education (n, %)
<High school
>Some college
Missing

BMI (n, %)

<25.0 kg/m?

225.0 kg/m?
Missing

Race (n, %)

White, non-Hispanic
Other

Missing

Marital status (n, %)
Married

Not married

Missing

Has family history of any

cancer (n, %)

23,806 (48.1%)
62.5 (5.2)
—2.8(2.5)

18,608 (37.6%)
4990 (10.1%)
25,866 (52.3%)
10 (0.0%)

18,771 (37.9%)
30,594 (61.8%)
109 (0.2%)

12,603 (25.5%)
36,151 (73.1%)
720 (1.5%)

44,857 (90.7%)
4592 (9.3%)
25 (0.1%)

42,087 (85.1%)
7277 (14.7%)
110 (0.2%)
25,757 (52.2%)

26,111 (50.0%)
62.3 (5.3)
—42 2.1

29,944 (57.3%)
4405 (8.4%)
17,895 (34.3%)
3 (0.0%)

24,157 (46.2%)
28,002 (53.6%)
88 (0.2%)

21,136 (40.5%)
30,497 (58.4%)
614 (1.2%)

47,646 (91.2%)
4589 (8.8%)
12 (0.0%)

37,524 (71.8%)
14,647 (28.0%)
76 (0.1%)

31,081 (59.7%)

PLCO Prostate, Lung, Colorectal, and Ovarian, E-DII energy-adjusted
dietary inflammatory index, SD standard deviation, BMI body

mass index.

diet, as estimated by the DII, and the risk of bladder cancer
using data from the Prostate, Lung, Colorectal, and Ovarian

(PLCO) cohort.

Materials and methods

Study population

The PLCO study is a population-based cancer screening
trial that aimed to determine whether selected screening
methods would reduce mortality from PLCO cancers [11].
Our study was based on 51,804 and 49,917 individuals in
the intervention and control groups, respectively. The
individuals completed a baseline questionnaire and a diet
history questionnaire (DHQ) between 1998 and 2005 [12].
The PLCO Cancer Screening Trial was approved by the
Institutional Review Board of the United States National

Cancer Institute (NCI). Each participant signed an informed
consent document for future additional studies as a sup-
plement to the routine PLCO trial informed consent. The
number of our approved PLCO project is PLCO-446.

Ascertainment of bladder cancer

Study participants were mailed a questionnaire annually to
screen cancer cases. Cancer diagnoses were further ascer-
tained through medical record abstraction. Vital status was
obtained by the administration of the Annual Study Update
questionnaires, reports from relatives, friends, or physi-
cians, and National Death Index searches.

Dietary assessment

Diet was assessed by a self-reported food frequency ques-
tionnaire, the DHQ version 1.0 [13]. Participants reported
the frequency of consumption and portion size of 124 food
items and supplement use over the time period queried.
Daily nutrient intake was calculated using the DietCalc
software, which links responses of food frequency, portion
size, and other relevant responses from the DHQ with a
nutrient database based on national dietary intake data
(USDA’s 1994-96 Continuing Survey of Food Intakes by
Individuals [CSFII] and supplemented by the Nutrition Data
Systems for Research from the University of Minnesota)
[14].

Energy-adjusted DIl score calculation

The energy-adjusted DII (E-DII™) score was calculated
based on the reported nutrient and food intake from the
DHQ with linkage to the corresponding inflammatory effect
scores designated in the DII. The DII is a literature-derived,
population-based dietary index designed to estimate the
overall inflammatory potential of an individual’s diet, which
has been described elsewhere [5]. A higher DII score
indicates a more pro-inflammatory diet, while a lower value
represents a more anti-inflammatory diet.

Statistical analysis

A Cox proportional hazards regression model was used to
estimate hazard ratios (HRs) and 95% confidence intervals
(Cls), according to gender. Models were adjusted for ran-
domization arm, age, race, body mass index (BMI = weight
(kg)/height(m)?), education, marital status, smoking status,
and family history of any cancer. E-DII score was analyzed
both as a categorical and a continuous variable. A possible
nonlinear association between E-DII and bladder cancer
was examined using a restricted cubic spline model [15]. In
addition, we ran the models stratified by potential effect
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Table 2 Association between E-

Median Cohort (n) Cases (n) Age-adjusted HR (95% CI),

p value

Multi-adjusted HR
(95% CI)®, p value

DII from diet plus supplement E-DII

and bladder cancer risk in the

PLCO study. Men
Ql —5.8 9895
Q2 —4.5 9895
Q3 —-3.2 9895
Q4 —-1.7 9895
Q5 0.7 9894
Continuous®
‘Women
Ql —6.4 10,450
Q2 -5.5 10,449
Q3 —4.6 10,450
Q4 -3.5 10,449
Q5 —-13 10,449
Continuous®

127 Reference group Reference group
125 1.02 (0.79-1.30), p=0.892 0.97 (0.76-1.24), p = 0.805
124 1.02 (0.80-1.31), p=10.853 0.95 (0.74-1.21), p = 0.663
126 1.07 (0.84-1.37), p=0.588 0.94 (0.73-1.21), p =0.634
125 1.12 (0.87-1.43), p=0.381 0.90 (0.70-1.17), p =0.444
p for trend = 0.338 p for trend = 0.434
1.02 (0.99-1.05), p=0.265 0.99 (0.96-1.02), p =0.476
26 Reference group Reference group
29 1.12 (0.66-1.91), p=0.667 1.11 (0.65-1.88), p=0.712
33 1.30 (0.78-2.17), p=0.318 1.25 (0.74-2.09), p = 0.401
26 1.04 (0.60-1.79), p=0.896 0.98 (0.56-1.69), p =0.932
35 1.44 (0.87-2.40), p=0.159 1.22 (0.72-2.06), p = 0.459

p for trend = 0.249
1.05 (0.97-1.13), p =0.225

p for trend = 0.641
1.01 (0.94-1.10), p =0.748

PLCO Prostate, Lung, Colorectal, and Ovarian, E-DII energy-adjusted dietary inflammatory index, HR
hazard ration, CI confidence interval.

“E-DII was calculated from diet plus supplements.

Adjusted for age (categorical), race (White, non-Hispanic vs. Other), body mass index at the time of
enrollment (<25 kg/m2 vs. 225 kg/mz), education (<high school vs. 2some college), smoking status (never vs.
former vs. current), randomization arm (intervention vs. control), family history of any cancer (yes vs. no),
and marital status (married vs. not married).

“Continuous HR for one-unit increment in the E-DII.

modifiers. We also performed lag analyses excluding par-
ticipants diagnosed with bladder cancer within 2 years of
questionnaire completion, and sensitivity analyses restricted
E-DII scores from diet only were also performed.
Likelihood-ratio tests were performed to test interactions.
All statistical analyses were performed using the STATA
software version 15 (Stata Corp, College Station, TX,
USA). All tests were two-sided.

Results

This study included a total of 101,721 individuals and
tracked 776 bladder cancer cases after a median of 12.5
years of follow-up. The E-DII was —2.8 +2.5 and —4.2 +
2.1 for men and women, respectively (p <0.001). There-
fore, considering the substantial difference of E-DII dis-
tribution between men and women, we performed all
analyses separately by sex in this study. The subject char-
acteristics are presented in Table 1.

As can be seen from Table 2, in multivariable-adjusted
analyses, E-DII, as a categorical variable, was not asso-
ciated with bladder cancer risk. The HRs (95% Cls) in the
highest compared with the lowest E-DII quintile were 0.90
(0.70-1.17) and 1.22 (0.72-2.06) for men and women,
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respectively. The direction and magnitude of the associa-
tions were similar when E-DII was fit as a continuous
variable. The HRs (95% CIs) of one-unit increment in the
E-DII for bladder cancer risk were 0.99 (0.96-1.02) and
1.01 (0.94-1.10) for men and women, respectively. As
shown in Fig. 1, based on spline regression of bladder
cancer risk in relation to E-DII, there was no statistical
evidence for nonlinearity (men: p for nonlinearity = 0.799;
women: p for nonlinearity = 0.688).

There were no substantial associations in strata of the
potential effect modifiers, and no evidence of interaction
(Fig. 2). The null results from the sensitivity analyses for the
diet only E-DII were consistent with that of the E-DII based
on diet plus supplements (Table 3). Similar results were
obtained with the exclusion of bladder cancer cases diag-
nosed within the first 2 years of follow-up (data not shown).
For all analyses, no breach of the proportional hazard
assumption was observed.

Discussion

In this large prospective PLCO cohort, we observed no
statistically significant association between the inflamma-
tory potential of diet, as estimated by E-DII, and bladder
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Fig. 1 Dose-response analysis using restricted cubic spline model
for the association between E-DII and bladder cancer risk in men
and women, respectively. Solid lines represent point estimates and
dashed lines represent 95% confidence intervals. Multivariable HRs
were calculated by restricted cubic spline regression (using 3 knots at
10th, 50th, and 90th percentiles) adjusting for age (categorical), race
(White, non-Hispanic vs. Other), body mass index at the time of

Subgroup Men HR (95% CI)
BMI
<25.0 kg/m2 —_— 1.06 (0.89, 1.26)
225.0 kg/m2 —— 1.03 (0.93, 1.14)
Smoking status
Never —_— 0.94 (0.77, 1.15)
Former —— 1.20 (0.98, 1.47)
Current —_—1— 1.02 (0.91, 1.14)
Education
<High school —1—— 1.10 (0.94, 1.22)
=Some college —_—r 1.00 (0.89, 1.13)
Race
White, Non-Hispanic —— 1.05 (0.96, 1.15)
Other 0.87 (0.56, 1.36)
Arm
Intervation —t— 1.04 (0.91, 1.18)
Control —t— 1.04 (0.92, 1.17)
Marital status
Married —t— 1.04 (0.94, 1.14)
Not married —_— 1.05 (0.83, 1.32)
T T
.56 1 1.79

Fig. 2 Subgroup analyses by potential effect modifiers including
race (white, non-Hispanic vs. other), body mass index at the time
of enrollment (<25 kg/m? vs. 225 kg/m?), education (shigh school
vs. 2some college), smoking status (never vs. former vs. current),

cancer risk. Similar results were obtained when excluding
cases diagnosed within the first 2 years of follow-up and
when calculating the E-DII based on diet only (i.e.,
excluding supplements). Also, the findings from subgroup
analyses were consistent with the null results in main
analyses.

Although existing evidence is largely consistent as to the
harms of a more pro-inflammatory diet (a higher DII score),
in terms of cardiovascular diseases [16], all-cause mortality

T T T T T T T
9 8 7 6 5 -4 3

enrollment (<25 kg/m2 vs. 225 kg/mz), education (<high school vs.
>some college), smoking status (never vs. former vs. current), rando-
mization arm (intervention vs. control), family history of any cancer
(yes vs. no), and marital status (married vs. not married). The histo-
grams show the percentage of participants (left y axis) belonging to
each level of E-DII.

Subgroup Women HR (95% CI)
BMI
<25.0 kg/m2 —_— 0.99 (0.89, 1.10)
225.0 kg/m2 —_— 1.06 (0.94, 1.20)
Smoking status
Never —_—r 0.99 (0.87, 1.14)
Former —_— 0.95 (0.80, 1.12)
Current —_— 1.06 (0.94, 1.19
Education
<High school —_—— 1.02 (0.92, 1.13)
>Some college —_—t— 1.03 (0.91, 1.16)
Race
White, Non-Hispanic —t— 1.02 (0.94, 1.10)
Other 0.96 (0.66, 1.38)
Arm
Intervation e 1.04 (0.93, 1.16)
Control —_— 0.98 (0.88, 1.10
Marital status
Married —_— 0.98 (0.89, 1.09
Not married —_— 1.08 (0.95, 1.23)
T T
.66 1 1.52

randomization arm (intervention vs. control), and marital status
(married vs. not married). The HRs (95% CIs) of one-unit increment
in the E-DII were calculated and showed.

[17] and various types of cancers [7, 18], there are disparate
messages regarding the effect of DII on bladder cancer risk.
In contrast to our findings, two previous hospital-based
case-control studies reported significantly positive associa-
tions between DII scores and bladder cancer risk [8, 9].
Limitations of the case-control studies include the potential
for selection bias, recall bias and reverse causation [19]. The
only cohort study, performed in MCCS, recorded 379
incident urothelial cancer cases over a median follow-up
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Table 3 Association between E-DII from diet only and bladder cancer risk in the PLCO study.

Age-adjusted HR (95% CI), p value Multi-adjusted HR (95% CI)", p value

E-DII* Median Cohort (n) Cases (n)
Men

Ql -13 9895 127

Q2 -0.6 9895 116

Q3 -0.2 9895 124

Q4 0.3 9895 118

Q5 1 9894 142
Continuous® 1.04 (0.96-1.14), p =0.334
Women

Ql —-1.3 10,450 38

Q2 -0.7 10,449 31

Q3 -0.3 10,450 29

Q4 0.1 10,449 21

Q5 0.7 10,449 30
Continuous®

Reference group

0.92 (0.71-1.18), p = 0.505
0.99 (0.77-1.26), p = 0.906
0.96 (0.74-1.23), p =0.722
1.17 (0.92-1.49), p =0.197
p for trend =0.190

1.04 (0.95-1.14), p =0.374

Reference group

0.83 (0.51-1.33), p =0.429
0.78 (0.48-1.26), p =0.302
0.56 (0.33-0.96), p =0.036
0.83 (0.51-1.34), p =0.447
p for trend =0.188

0.92 (0.75-1.12), p =0.402

Reference group

0.97 (0.75-1.25), p = 0.807
1.05 (0.82-1.34), p =0.709
1.01 (0.79-1.30), p =0.919
1.18 (0.92-1.50), p =0.191
p for trend =0.182

Reference group

0.88 (0.55-1.42), p=0.61
0.83 (0.51-1.35), p =0.447
0.60 (0.35-1.02), p =0.058
0.82 (0.50-1.33), p=0.414
p for trend =0.171

0.91 (0.75-1.12), p = 0.380

PLCO Prostate, Lung, Colorectal, and Ovarian, E-DII energy-adjusted dietary inflammatory index, HR hazard ration, CI confidence interval.

*E-DII was calculated from diet only.

bAdjusted for age (categorical), race (White, Non-Hispanic vs. Other), body mass index at the time of enrollment (<25 kg/m2 vs. 225 kg/mz),
education (<high school vs. >some college), smoking status (never vs. former vs. current), randomization arm (intervention vs. control), family
history of any cancer (yes vs. no), and marital status (married vs. not married).

“Continuous HR for one-unit increment in the E-DII.

period of 21.3 years. There was a suggestive but not sig-
nificant association between DII and bladder cancer risk
(highest vs. lowest quintile: HR 1.24, 95% CI 0.90-1.70)
[10]. Compared with these previous studies, a positive
association was not observed in the PLCO cohort.

Recently, Abufaraj et al. [20] assessed the association
between the inflammatory potential of diet and bladder
cancer risk in three prospective cohort studies using another
dietary pattern, namely EDIP (Empirical Dietary Inflam-
matory Pattern) score. They included a total of 172,802
women and observed 1042 incident bladder cancer cases
during 4,872,188 person-years of follow-up. Overall dietary
patterns with pro-inflammatory potential, as reflected by
high EDIP scores, were not associated with an increased
risk of bladder cancer (Q5 vs. Q1 adjusted RR 0.92, 95% CI
0.75-1.12, p for trend =0.67). These results were con-
sistent with the findings of our study. Therefore, consider-
ing that diets associated with inflammation are not
associated with the risk of bladder cancer, future studies are
warranted to investigate other nutritional pathways with the
potential for bladder cancer prevention.

Our study has several strengths including prospective
cohort design, a comprehensive list of potential con-
founders, and the use of a validated DHQ, which covered
major parameters that comprise the DII. However, as with
any studies, some limitations should also be mentioned.

SPRINGER NATURE

First, diet intake was only assessed at baseline and it is
possible that diet changed over time. Second, nutrient intake
is often measured with error by commonly used dietary
instruments. Nevertheless, the DHQ has been validated
against 24-h dietary recalls among 1640 nationally repre-
sentative participants in the Eating at America’s Table
Study [12]. Still, it must be kept in mind that the E-DII
scores in the PLCO are much lower than what we have seen
in other studies. The entire distributions appear to be
skewed toward values that are nearly 3 points lower, on
average, than in other studies. For example, in the MCCS
the median DII score in subjects with and without bladder
cancer were —0.84 and —0.98, respectively. The corre-
sponding values in the Italian study were +0.63 among
cases and —0.93 among controls. The overall median in the
Iranian study was —0.12. Third, the vast majority of sub-
jects (over 90%) included in this study were non-Hispanic
Whites, which may limit its generalizability to other
populations. Finally, it is possible that the results may be
biased by residual or unmeasured confounding even after
adjusting for a number of factors. For example, we could
not adjust for environmental and occupational exposures to
chemicals, such as benzidine [21], which has been shown to
be linked to bladder cancer risk.

In conclusion, we observed no significant association
between the inflammatory potential of diet, as calculated by
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E-DII, and the risk of developing bladder cancer in PLCO
cohort. Additional work in other contexts could help
reconcile equivocal results across studies examining the
relationship between E-DII/DII and bladder cancer.
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