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INTRODUCTION: A diet rich in fruits, vegetables, coffee, and tea, limited red meat, and moderate alcohol intake may reduce the risk
of renal cell carcinoma (RCC). The anti-inflammatory potential of diet has been proposed as a mechanism influencing cancer risk.
This study assessed the association between an anti-inflammatory diet and RCC risk.

METHODOLOGY: Data from two Swedish cohorts, the Swedish-Mammography-Cohort and the Cohort-of-Swedish-Men, were
analysed. Dietary habits were assessed using a 96-item food frequency questionnaire. The Anti-Inflammatory Diet Index (AIDI),
composed of 16 food groups (11 anti-inflammatory and 5 pro-inflammatory), was used to score dietary patterns. RCC cases were
identified from the Swedish Cancer Register using ICD-10 codes, and Cox proportional hazards models were used to estimate

hazard ratios based on AIDI quartiles.

RESULTS: Among 71,421 participants, 431 RCC cases were identified during a 19.7-year follow-up. Higher AIDI scores were
associated with a lower RCC risk (HR for Q4 vs. Q1: 0.68, Cl: 0.52-0.89). In sex-stratified analyses (p-for heterogeneity = 0.006), the
association was stronger in among women (HR: 0.47, Cl: 0.30-0.75) but less clear in among men (HR: 0.83, Cl: 0.63-1.24).
CONCLUSION: These data suggest that adherence to an anti-inflammatory diet may confer a reduced risk for RCC, especially

among women.
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INTRODUCTION

Globally, renal cell carcinoma (RCC) accounts for approximately
90% of all kidney cancer [1], and 2-3% of all malignancies, ranking
6th among men and 10th among women diagnosed with cancer
[2]. Suggesting a role of environmental factors, the lifetime risk for
developing RCC varies between different parts of the world; the
risk is lower in Asia (0.3-0.6%), South America, and Africa (0.2%)
compared with Europe (1.3%) and North America (1.8%). [3]. Over
the last decades, there has been a significant rise in the incidence
of kidney cancers, with over 400,000 new cases and 180,000
annual deaths reported globally [4]. A substantial proportion of
these cases came from Europe (99,200 cases and 39,000 deaths)
[5, 6]. The accumulated body of evidence indicates that tobacco
smoking [3], obesity [7], chronic kidney disease [8], and hyperten-
sion [9] are well-established risk factors for RCC. Limited evidence
suggests that certain risk factors, such as kidney stones [10], family
history of kidney cancer [11], consumption of certain analgesic
medications [12, 13], diabetes [14], occupational exposure to
asbestos and silica [15], a ketogenic diet (high in fat and low in
carbohydrates) and intake of processed meat [16, 17], may be
associated with an increased risk of RCC. A diet rich in fruits, fibre-
rich vegetables [18, 19], regular coffee and tea consumption [20],
physical activity [21], healthy weight [22], and moderate alcohol
consumption [23] have, on the other hand, been associated with a
reduced risk of RCC. However, the combined evidence regarding
the overall influence of diet on RCC risk remains inconclusive [22].

Despite evidence linking diet to RCC, the overall role of diet in RCC
remains inconclusive due to several specific gaps in knowledge.
First, the existing studies vary greatly in design and focus. For
example, one study linking a ketogenic diet to RCC was based on
a rat model [8], which limits its direct applicability to humans.
Another case-control study explored dietary associations but
lacked the robust design of prospective studies, introducing
potential recall and selection biases [9].

Furthermore, studies on dietary patterns often focus on specific
foods or nutrients rather than overall dietary habits. For instance,
one study examining vegetable consumption and RCC included
only female participants, reported results on specific vegetable
groups rather than total consumption, and was limited by a small
follow-up period and few RCC cases [18]. Another study exploring
the association between fruit and vegetable intake and RCC
yielded inconclusive results, suggesting that while total consump-
tion may not be linked to RCC risk, very low consumption could be
associated with higher risk [7].

These limitations highlight gaps in existing research, such as the
need for studies with more diverse populations, longer follow-up
periods, and a focus on total dietary patterns rather than isolated
components. Addressing these gaps could provide a clearer
understanding of the role of diet in RCC and help reconcile
conflicting findings in the literature.

Chronic inflammation is recognised as a contributing factor in
the development of several types of cancer through mechanisms
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including persistent growth-signalling and oxidative stress
[24, 25], and has been proposed as a contributing mechanism in
the association between obesity and RCC [7]. It has been theorised
that specific nutrients may impact systemic inflammation and,
consequently, the risk of RCC, and some studies have suggested a
possible association between pro-inflammatory diet and RCC
[26-28]. Research into composite measures that offer a more
comprehensive evaluation of how an individual's diet may
influence chronic systemic inflammation has yet to be thoroughly
investigated concerning the risk of RCC. Recent findings suggest
that higher scores on the Empirical Dietary Index for Hyperinsu-
linemia (EDIH), indicative of diets promoting insulin hypersecre-
tion, are associated with an increased risk of kidney cancer
development [HR: 1.12; 95% Cl: 1.01, 1.23], while higher scores on
the Healthy Eating Index (HEI-2015), reflecting adherence to high-
quality diets, are associated with a reduced risk of kidney cancer
development [HR: 0.85; 95% ClI: 0.77, 0.94] [29]. The evidence
linking diet and RCC is limited by a focus on individual nutrients
rather than holistic patterns, inconsistencies in dietary indices, and
a lack of diverse, longitudinal studies. These gaps highlight the
need for more comprehensive research to understand the role of
diet in RCC risk.

In this study we aimed to examine the impact of dietary
inflammatory potential on RCC risk in a Swedish population-based
cohort study, using an empirically-derived dietary anti-
inflammatory index.

METHODOLOGY

Study population

The study utilised data from two cohorts, the Swedish Mammo-
graphy Cohort (SMC) and the Cohort of Swedish Men (COSM). The
SMC was established in 1987 and consisted of all women born
between 1914 and 1948 who lived in Vastmanlands and Uppsala
counties in Sweden’s central healthcare region [30]. The COSM,
established in 1997, comprises all men born between 1918 and
1952 who lived in Vastmanlands and Orebro counties, also located
in the Swedish central healthcare region. Data from the cohorts
are available to researchers through the Swedish Infrastructure for
Medical Population-Based Life-Course and Environmental
Research, SIMPLER (https://www.simpler4health.se). A food fre-
quency questionnaire was administered in 1997 and then in 2009.

All study participants were linked with the Swedish Cancer
Register, Swedish Cause of Death Register, and Swedish Popula-
tion Register using the 12-digit Swedish personal identification
number. The date and cause of death were obtained for study
participants from the Swedish Cause of Death Register [31]. All
deaths in Sweden are registered within 30 days, and a specific
cause of death is reported in 96% of the recorded fatalities [31].
Deaths due to RCC were classified according to ICD-10 code C64.
Emigration out of Sweden during the study period was retrieved
from the Swedish Population Register [32].

From a total population of 83,165 participants, we excluded
11,744 (14%) with either prior cancer before enrolment (N =7192)
or due to missing information on covariates (N =4552). In total,
the final study population included in the main analyses
comprised 71,421 participants, out of whom 35,267 were women
and 36,154 were men.

The Anti-Inflammatory Diet Index (AIDI)

For diet assessment, a 96-item food frequency questionnaire
(FFQ), designed to reflect Swedish dietary habits and assess food
consumption over the past year, was used at baseline in 1997 and
then in 2009. The FFQ enquired study participants regarding how
often various food items were consumed on average using eight
predefined categories, which range from never to more than three
times per day. For every participant, the average energy intake
per day was estimated by multiplying the frequency of

consumption by the energy content of age-specific portion sizes
using composition values from the Swedish Food Administration
Database [33]. The development of AIDI has been described in
detail earlier [34]. In summary, AIDI categorises various food items
based on their anti- or pro-inflammatory potential. AIDI comprises
16 food items or groups, of which 11 are classified as anti-
inflammatory and 5 as pro-inflammatory, based on their
respective association with the inflammatory marker high-
sensitive C-reactive protein (hsCRP) in serum. Foods with anti-
inflammatory potential include the following (cut-off value in
parenthesis): total fruits and vegetables (=6 servings/day); tea
(=3 servings/day); coffee (=2 servings/day); wholegrain bread
(=2 servings/day); breakfast cereal (=1 serving/day) low-fat cheese
(=1 serving/day); olive and canola oil (>0 servings/day); chocolate
(=1 serving/day); nuts (=2 servings/week); red wine (2-7 servings/
week); and beer (2-14 servings/week). The foods with pro-
inflammatory potential were as follows (cut-off value in parenth-
esis): unprocessed red meat (<0.5 servings/day); processed red
meat (<0.5 servings/day); offal (no consumption); chips (no
consumption); and soft drinks (no consumption). When the cut-
off was met for each food category, a score of 1 was allotted, and
when not, a score of 0 was given; thus, the AIDI score ranges from
0 to 16. Here, a score of 16 indicates dietary habits with the
highest anti-inflammatory potential, and 0 indicates dietary habits
with the lowest anti-inflammatory potential. The AIDI scale has
been empirically developed using data from a subgroup of the
SMC (3503 women, age 56-74 years) [34] and has been used in
several Swedish studies [35-37].

Covariates

In addition to dietary habits, the participants were also enquired
about general health conditions such as smoking-habits, height
and weight, as well as about comorbidities such as diabetes,
hypertension, or hypercholesteremia. Participants were further
asked about regular medication use, both as prescribed by health
care providers and over-the-counter use of vitamins and dietary
supplements. The questionnaire also covered information about
education (primary, secondary, or university), employment (full-
time or part-time, unemployed, studying, disability pension or
retired), and civil status (single, married/cohabiting, divorced,
widower). Information regarding chronic kidney disease (CKD) and
dialysis was obtained from the National Patient Register; ICD10
code N18 and ICD9 code 585 for CKD, and Swedish classification
of healthcare procedures (KVA) codes DRO16, DRO55, DRO56 for
dialysis. We also utilised a physical activity score, measured in
metabolic equivalents (MET) hours per day. The score calculates
the reported level of activity of study participants in various areas:
at work, at home or during housework, while walking or bicycling,
and through exercise, all in the year prior to study enrollment.
Additionally, participants were questioned about their inactivity
levels, such as time spent watching television or reading, as well as
the daily hours spent sleeping, sitting, or lying down. Each type of
physical activity received an intensity score in MET hours per day,
determined according to the compendium of physical activities.
The creation of the score has been thoroughly described
previously [38].

Ascertainment of RCC incidence

RCC cases were identified from the Swedish Cancer Register. Cases
with any cancer diagnosis before baseline (except for non-
melanoma skin cancer) were excluded from analyses. In Sweden,
all newly diagnosed tumours are mandated by law to be reported
to the national Swedish Cancer Register according to the National
Board of Health and Welfare’s regulations (SOSFS$2006:15), and the
validity of register data for most common solid tumours is
considered high [39]. The Swedish Cancer Register further
complies with IARC quality criteria [40]. We identified RCC using
the International Classification of Diseases (ICD) 10 codes C64. For
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analyses using RCC by stage as outcome, we categorised RCC
cases into localised (<T2, NO, M0) or advanced cases (all other),
based on TNM-classification from the Swedish Cancer Register
[41]. Information on TNM status was only available for diagnoses
after 2004. Death due to RCC was identified using the Swedish
Cause of Death Register using ICD code C64.

Statistical analysis

We used Cox proportional hazards models with age as the
underlying time scale to examine the associations between AIDI
and the risk of RCC. Follow-up started January 1°* 1998 and ended
at the time of any cancer (except for melanoma skin cancer), date
of death, date of emigration, or the end of follow in December
2020, whichever occurred first. We determined potential con-
founders a priori based on the literature on potential risk factors of
RCC and data availability. We adjusted for potential confounders
in three steps: Model 1 included age (as the time axis). Model 2
was further adjusted for individual-level covariates, including
smoking (pack-years), BMI (as continuous variable), employment
status (full-time employed, part-time employed, unemployed,
studying, disability pension, retired) and civil status (single,
married/cohabiting, divorced, widower), and education level
(primary, secondary and university). Model 3 (main model) was
further adjusted for such comorbidities as diabetes (yes or no),
hypertension (yes or no), hypercholesterolaemia (yes or no), and
CKD (yes or no). We used complete case analyses, with the
implication that participants with missing exposure or incomplete
information on any of the covariates were excluded from all
analyses.

Cox proportional hazards regression models were used to
estimate the hazard ratios (HRs) and 95% confidence intervals (Cls)
for RCC, overall and by stage. AIDI was divided into quartiles with
the lowest quartile (most pro-inflammatory diet) as the reference:
<5 (Q1: range 0-5, median 5), 6 (Q2), 7 (Q3), and =8 (Q4: range
8-14, median 8). We performed two main analyses: (1) using
information from the baseline FFQ in 1997 as the exposure and (2)
calculating the cumulative long-term exposure using repeated
measurements from 1997 FFQ and the 2009 FFQ, for study
participants who answered the 2009 survey. The main analysis
included the entire follow-up period (1998-2020). The p-value for
the trend was calculated using a Cox proportional hazards
regression model, with ordinal exposure categories treated as a
continuous variable.

In the subsequent secondary analyses, we aimed to discern
whether the associations observed could be predominantly
attributed to either pro-inflammatory or anti-inflammatory con-
stituents of the AIDI. To achieve this, the primary analytical model
was retained; however, the exposure variable was substituted with
two modified indices delineating the AIDI into its pro-
inflammatory and anti-inflammatory components, respectively.
These modified indices were computed utilising the identical
thresholds established for the original AIDI, ensuring that elevated
scores on either index continued to signify pronounced anti-
inflammatory potential. Furthermore, to elucidate the discrete
effects of each component, the modified indices were mutually
adjusted within the analytical framework. The analysis examined
the interaction between Anti-inflammatory Diet Index (AIDI)
quartiles and gender to determine if the relationship between
AIDI scores and the outcome varied between men and women.
The interaction analysis confirmed a significant overall interaction
between AIDI scores and sex in relation to RCC risk (p = 0.006),
indicating that the effect of AIDI differed by sex. Based on the
observed interaction, all subsequent analyses were carried out
separately for each sex, ensuring that the distinct impact of AIDI
on men and women were appropriately accounted for. Due to a
large proportion of missing data, self-reported NSAID-use as well
as physical activity score, measured in metabolic equivalents
(MET) hours per day, were not included in the main analyses.
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However, we performed sensitivity analyses including these as
covariates in the model. We conducted two further sensitivity
analyses—restricting the sample to non-smokers and excluding
the first two years of follow-up and these largely confirmed the
robustness and consistency of the main findings. All statistical
analyses were performed using R version 4.1.1 (R Foundation for
Statistical Computing, Vienna, Austria) [42].

RESULTS
During the follow-up, which averaged 19.3 years for women and
18.2 years for men, a total of 431 participants were diagnosed with
renal cell carcinoma (RCC). This group comprised 283 men (105
with localised RCC and 84 with advanced RCC) and 148 women
(43 with localised RCC and 62 with advanced RCC). In 137 cases
(94 men and 43 women) the stage of the disease could not be
established, owing to missing information from before 2004.
The mean age at baseline was 61.7 years, with variation across
SMC 62.7 years and COSM 60.8 years. The average age at baseline
slightly increased with higher AIDI quartiles among females but
showed a reverse trend for males, indicating younger participants
in higher AIDI quartiles. Significant variations in education levels
were observed, with a higher percentage of university-educated
individuals in the top quartile (29% for females and 25.2% for
males). Smoking pack-years decreased with higher AIDI scores,
indicating lesser tobacco use among those with more anti-
inflammatory diets. This trend was more pronounced among
males. Similarly, BMI categories showed a trend towards lower BMI
in higher AIDI quartiles, reflecting healthier body weights.
Participants in the highest AIDI quartile, compared to those in
the lowest, were more likely to have a university education,
engage in walking or cycling for at least 40 minutes per day, use
dietary supplements regularly, and were less likely to be current
smokers (Table 1).

AIDI and RCC incidence
Overall, a higher Anti-Inflammatory Diet Index (AIDI) score was
associated with a lower risk of renal cell carcinoma (RCC) in a dose-
dependent manner (Table 2a). Compared with individuals in the
lowest quintile of AIDI (Q1, score 0-5), those in the highest quintile
(Q4, score 8-14) had a 31-43% lower risk of RCC, with hazard
ratios (HRs) ranging from 0.57 (95% Cl: 0.44-0.73) to 0.69 (95% Cl:
0.52-0.92) across different models using repeated measures of
AIDI (1997 & 2009). The associations were slightly attenuated but
remained significant when using baseline AIDI (1997), with HRs
between 0.59 (95% Cl: 0.45-0.77) and 0.68 (95% Cl: 0.52-0.89).
Inverse associations between a higher AIDI score and RCC risk
were suggested both for localised and advanced RCC, but the
estimates were not statistically significant. If anything, a slightly
more convincing pattern was observed in localised RCC in the
repeated measure analysis with statistically significant trends.

Women

The analysis revealed a statistically significant trend showing that
higher adherence to an anti-inflammatory diet was associated
with a reduced risk of renal cell carcinoma (RCC) among women,
with the most substantial protective effect observed in the highest
AIDI quartile (HR: 0.47, 95% Cl: 0.30, 0.75) in the fully adjusted
model (Table 2b). Although the hazard ratios across quartiles were
not monotonically decreasing,the overall trend was statistically
significant (p < 0.05). (conversely = contrarywise so confusing
here) For advanced RCC, a significant decreasing trend in risk was
also observed with increasing AIDI scores. The most substantial
reduction was seen in the highest AIDI quartile (HR: 0.26, 95% ClI:
0.11, 0.63), with a p-value for trend at 0.02. This association
persisted when utilising both the 1997 and the 2009 FFQ surveys.
Across all models, the results consistently indicate that a
higher AIDI score, reflecting a long-term adherence to an anti-
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continued

Table 1.

Male (36154)

Female (35267)

Quartiles of AIDI

Quartiles of AIDI

13
0.3 (x0.5)

07

13

07

0.001

0.2 (+0.4)

0.3)

0.1

0.2 (x0.4) 0.4 (+0.5) 0.001 0.1 (x0.2)

0.2 (+0.4)

0.3)

0.1

Use of olive/canola oil®

Pro-inflammatory items

<0.001
<0.001
<0.001
<0.001
<0.001
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0.5 (+0.4)
0.9 (x0.7)
14 (£1.7)
0.3 (+0.6)
1.8 (x1.7)

<0.001
0.001

<0.001
<0.001
<0.001

Unprocessed meat®
Processed meat®
Soft drinks®

Offal®

Chips®
*food consumption per day.

b food consumption per week.
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Foods with anti-inflammatory potential and their serving definitions include: total fruits and vegetables (=6 servings/day), tea (=3 servings/day), coffee (>2 servings/day), wholegrain bread (>2 servings/day),
breakfast cereal (=1 serving/day), low-fat cheese (=1 serving/day), olive and canola oil (>0 servings/day), chocolate (=1 serving/day), nuts (=2 servings/week), red wine (2-7 servings/week), and beer
(2-14 servings/week). Foods with pro-inflammatory potential and their serving definitions are: unprocessed red meat (<0.5 servings/day), processed red meat (0.5 servings/day), offal (no consumption), chips
(no consumption), and soft drinks (no consumption). A score of 1 was allotted when the cut-off for each food category was met, and a score of 0 when it was not, resulting in an AIDI score ranging from 0 to 16.
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inflammatory diet, is associated with a reduced risk of RCC among
women. (Table 2b).

Men

Among men overall, inverse associations between higher AIDI
scores and the risk of RCC were observed although not statistically
significant and without any clear trend of lower risks with higher
AIDI scores. Largely similar patterns were observed both for
localised and advanced RCC (Table 2¢)

Additional analyses

In a secondary analysis, the AIDI was segmented into pro and anti-
inflammatory items. In mutually adjusted analyses (anti-inflam-
matory components of AIDI adjusted for pro-inflammatory
components and vice versa) higher compared to lower AIDI-
scores rendered HR estimates similar to main analyses, but with
95% Cl encompassing 1 among both men and women population
(Tables 3a, b, 4a & b).

We further tried additionally adjusting the main model for
physical activity intensity, measured in metabolic equivalents
(MET) hours per day, which yielded results consistent with the
main analysis. For women in the highest quartile compared to the
lowest (Q4 vs. Q1), the hazard ratio (HR) was 0.53 with a 95%
confidence interval (Cl) of 0.32-0.87; for men, the HR was 0.85 with
a 95% Cl of 0.60-1.22 (see Supplementary Tables 2a and 2b).
Similarly, adjusting for NSAID use also produced comparable
results: for women, the HR was 0.44 with a 95% ClI of 0.27-0.72; for
men, the HR was 085 with a 95% Cl of 0.60-1.22 (see
Supplementary Tables 3a and 3b). Consistent associations were
observed across baseline and repeated measures models, even
after excluding the first two years of follow-up (Supplementary
Tables 4a and 4b). In an additional analysis among non-smokers,
higher AIDI scores the pattern of inverse associations largely
remained compared to those in the full population (Supplemen-
tary Tables 5a and 5b)

DISCUSSION

In this large cohort study, we found an inverse association
between the anti-inflammatory diet index (AIDI) and renal cell
carcinoma (RCC), suggesting a beneficial influence of intake of diet
with high anti-inflammatory potential. The pattern was most clear
among women and the findings remained robust after adjusting
for various established risk factors of RCC.

Some previous studies have examined the relationship between
the pro-inflammatory potential of diet and the risk of RCC, using
the literature-derived Dietary Inflammatory Index (DIl). A meta-
analysis of the two case-control studies performed disclosed a
pooled relative risk (RR) of 1.46 (95% Cl 1.16-1.85) for the highest
compared to the lowest DIl score [43]. This finding aligns with our
study’s observation of a statistically significant association
between dietary inflammatory potential and RCC risk, particularly
among women. However, the DIl is a literature-derived index,
whereas the AIDI used in our study is empirically derived and
tailored to Scandinavian dietary habits, potentially providing
greater specificity to the population under study.

An Italian case-control study, part of the meta-analysis, found an
odds ratio of 1.41 (95% Cl: 1.02-1.97) for the highest DIl quartile
compared to the lowest, with stronger associations observed in
women, individuals aged over 60, and those with higher BMI [28].
Similarly, our study found significant associations primarily among
women, with HR estimates for men showing similar directionality
but lacking statistical significance. Unlike the DIl used in the Italian
study, the AIDI in our research offers a population-specific
advantage, as it incorporates Scandinavian food products and
eating habits, potentially enhancing its relevance and applicability.

Both fruits and vegetables were components of our AIDI score,
and they were thoroughly included in the FFQ (Food Frequency
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comprehensive information about a number of potential risk
factors that, while in some cases not firmly established, have been
suggested to either heighten or mitigate the risk of RCC, such as
RCC family history and occupational exposure to specific
chemicals such as asbestos, cadmium, and organic solvents [15].
Addressing these limitations in future research endeavours could
contribute to a more comprehensive understanding of the
complex landscape of RCC risk factors.

CONCLUSION

Our data lend support to the hypothesis that the overall
inflammatory potential of the diet may influence the risk for
subsequent development of RCC.
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