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Abstract

Background Systemic inflammation can be the initiator in developing chronic diseases that may be affected by the
lifestyle and diet of individuals. In the current study, we aimed to assess the association of the inflammatory potential
of diet and lifestyle, determined by the food-based index of dietary inflammatory potential (FBDI), dietary inflamma-

tion score (DIS), and lifestyle inflammation score (LIS), with risk of chronic kidney disease(CKD) in Iranian adults.

Methods A total of 6044 CKD-free individuals aged > 18 years, were recruited from among participants of the Tehran
Lipid and Glucose Study(surveys 3 and 4) and followed a mean of 6.03 years(follow-up rate:94.95%). Data on dietary
intakes were determined using a food frequency questionnaire. The inflammatory potential of diet and lifestyle were
determined based on three indices, including FBDI, DIS, and LIS. Using the National Kidney Foundation guidelines, we
defined CKD as eGFR <60 mL/min/1.73 m?.

Results Mean £ SD age of the study population(54.3% women) was 37.8 £ 12.8 years. We identified 1216(20.1%)
new cases of CKD during the 6.03 years of follow-up (46,889.8 person-years). In the multivariable-adjusted model,
the risk of CKD incident is increased across quartiles of FBDI (HR=1.21;95%Cl:1.03-1.42, P,,.,4:0.014) and LIS
(HR=1.28;95%Cl:1.07-1.55,P,;~4:0.006). However, no significant relationship was observed between the higher DIS
score and CKD risk.

Conclusion Our findings showed that a higher inflammatory potential of diet and lifestyle, characterized by a higher
score of FBDI and LIS, was related to increased incidence of CKD, while no significant relationship was reported
between the DIS score and CKD incident.
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Background

Chronic kidney disease (CKD) is one of the major world-
wide health concerns [1], which has a significant contri-
bution to the global burden of disease by incrementing
cardiovascular disease (CVD) and mortality risk [2, 3].
According to the international guidelines, the existence
of structural and functional damage, albuminuria, and
glomerular filtration rate (GFR) below 60 ml/min/1.73
m? considered as the definition of CKD if these circum-
stances have been lasted for at least three months and
have not been caused by other causes [4]. Based on the
latest Global Burden of Disease report in 2017, the CKD
prevalence worldwide was estimated at 9.1%. This preva-
lence increased by about 29.3% in all ages compared to
1990 [1]. Recent national data has also reported that the
overall CKD prevalence in Iranian adults was more than
10% [4]. An unhealthy lifestyle and poor diet, alongside
some multifactorial abnormalities such as hypertension,
obesity, and diabetes, are readily treatable major risk fac-
tors for the causes of CKD [5, 6].

Low-grade systemic inflammation is of considerable
importance in the pathophysiology of CKD [7], which can
significantly increase the morbidity and mortality associated
with chronic nephropathy [8]. Studies have shown that an
unhealthy lifestyle is an important risk factor for elevated
systemic inflammation [9]. Also, the individual relation-
ship of main lifestyle determinants, including diet, physical
activity, body weight, and smoking with inflammation has
previously been well established and shown that each one
is an important determinant of predicting the inflammation
status, per se [10-13]. However, due to the interactions of
these factors with each other, it makes sense that the simul-
taneous study of the combined role of these factors signifi-
cantly improves the ability to predict the outcome.

Accordingly, in recent years, the diet inflammation
score (DIS) and lifestyle inflammation score (LIS) has
been introduced by Byrd et al. to evaluate the ability of
diet and other lifestyle-related factors to aggravate or
modulate systemic inflammation levels in the body [14].
Indeed, DIS and LIS determine the collective contribu-
tions of lifestyle and diet exposures to systemic inflam-
mation. Another index recently developed by Na et al. in
the Korean population is food-based dietary inflamma-
tory potential (FBDI), which uses the hs-CRP biomarker
as a response variable to determine the inflammatory
effects of food groups [15]. Although, to the best of our
knowledge, no study has yet assessed the association of
DIS, LIS, and FBDI scores with CKD risk, the relation-
ship of these lifestyle and diet inflammatory scores with
CKD-related disorders such as type 2 diabetes (T2D) and
metabolic syndrome (MetS) and other chronic diseases
has been investigated previously [15-20]. Two studies
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showed that higher DIS and LIS scores are associated
with an increased risk of T2D and MetS [17, 20]. Other
studies have also linked DIS and LIS scores to CVD and
cancers [16, 18, 19]. Limited studies have examined the
performance of FBDI [15, 21]. Na et al. showed that an
increased FBDI score was associated with a higher preva-
lence of MetS [15].

Although there are no data on the clear kidney-related
effect of lifestyle and diet inflammatory score in subjects
with healthy renal function, the observed association of
these inflammatory indices with the risk of T2D, MetS,
and CVD that are closely related to renal disease, sug-
gests a possible link between these inflammatory indices
and the CKD risk. Therefore, this study aimed to investi-
gate the relationship between DIS, LIS, and FBDI scores
and CKD risk among Iranian adults.

Materials and Methods

Study participants

The present study was performed in the framework of
the Tehran Lipid and Glucose Study (TLGS), a popu-
lation-based cohort study conducted to examine the
chronic diseases risk factors among a representative
urban population of Tehran, including 15 005 partici-
pants aged >3 years [19]. The first survey of TLGS was
initiated in March 1999, and data collection conducted
prospectively at 3-year intervals is ongoing. The baseline
survey was a cross-sectional study performed from 1999
to 2001, and surveys II (2002-2005), III (2006—2008), IV
(2009-2011), V (2012-2015), and VI (2015-2018) were
prospective follow-up surveys. The details of the TLGS
have been reported previously [22]. In the third survey of
the TLGS (2006-08), of 12 523 participants, 3568 were
randomly selected for dietary assessment. Also, in the
fourth survey (2009-2011), of 12 523 participants, 7956
randomly selected subjects agreed to complete dietary
assessment.

For the current study, participants aged > 18 years, with
complete nutritional information on the third exami-
nation of TLGS and the new entries participants in the
fourth examination, which was 7761, were included.
Individuals with cardiovascular accidents and myocar-
dial infarction (n=81), and prevalent cancer (n=16)
were excluded. Also, the pregnant and lactating women
(n=195), those with under- or over-reported dietary
energy intakes (out of the range 800-4200 kcal/d)
(n=492), and individuals with CKD in the baseline
(n=692) were excluded; some of them may fell into more
than one category. Of 6365 participants at baseline, who
were followed-up to sixth survey of TLGS (2015-2018),
321 were lost to follow-up, and 6044 remained for final
analysis (follow-up rate: 94.95%) (Fig. 1).
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Fig. 1 Timeline of the current study

Physical activity assessment

The individual’s physical activity data were collected by
a modifiable activity questionnaire (MAQ), previously
modified and validated among Iranian adults [23]. Indi-
viduals were asked to report and identify the frequency
and time spent on activities of light, moderate, hard, and
very hard intensity, over the past year, based on a list
of common activities of daily life; we reported the total
physical activity of each participant as metabolic equiva-
lent/hours per week (Met.h.wk).

Demographic and anthropometric assessment

Trained and expert interviewers used a standard ques-
tionnaire to collect study population data on socio-
demographic characteristics, including age (years), sex,
education level (high school and diploma, academic
education), smoking habit, medical history, and medi-
cations at baseline. We used a standardized mercury
sphygmomanometer with an accuracy of two mmHg to
measure the systolic blood pressure (SBP) and diastolic
blood pressure (DBP). All blood pressure measurement
was performed for each participant twice on the right
arm with a minimum interval of 30 s after a 15-min rest
sitting on a chair; we considered the mean of the two

[ Loss to follow up (n=321) ]

measurements to be the participants’ blood pressure. We
measured participants’ body weight using a digital scale
(Seca 881, Germany) to the nearest 100 g while the par-
ticipants were in light clothes and without shoes. Height
was measured by a stadiometer in a standing posi-
tion without shoes and recorded to the nearest 0.5 cm.
BMI was computed as weight (kg) divided by the height
squared (m?).

Biochemical measurements

The biochemical variables, including fasting blood glu-
cose (FPG), 2-h blood glucose, and serum creatinine were
measured in participants. Based on the standard proto-
col, participants’ blood samples were taken after 12—14 h
of overnight fasting in a sitting position and centrifuged
within 30-45 min of collection. We performed all blood
analyses at the TLGS research laboratory and used the
Selectra 2 auto-analyzer (Vital Scientific, Spankeren, The
Netherlands) to analyze the samples. FPG was deter-
mined using an enzymatic colorimetric method with
glucose oxidase. Both inter-and intra-assay coefficient
variations were 2.2% for FPG. For the oral glucose toler-
ance test, 82.5 g of glucose monohydrate solution (equiv-
alent to 75 g anhydrous glucose) was administered orally
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to participants aged>20 years. A second blood sample
was taken 2-h after glucose ingestion. Serum creatinine
concentration was measured based on the standard col-
orimetric Jaffe Kinetic reaction method. Both intra- and
inter-assay CVs were<3.1%. We performed all analyses
using commercial kits (Pars Azmoon Inc., Tehran, Iran).

Definitions

Hypertension (HTN) was determined in the study pop-
ulation based on SBP/DBP>140/90 mm Hg for indi-
viduals aged <60 years and SBP/DBP>150/90 mm Hg
for those aged>60 years or using current antihyper-
tensive medication [24]. The criteria of the American
Diabetes Association (ADA) were used to determine
T2D in participants according to the following criteria:
FPG > 126 mg/dl or 2-h post 75-g glucose load > 200 mg/
dl or current blood glucose-lowering medications [25].
The Epidemiology Collaboration (EPI) equation formula,
as described by Levey et al. [26], was used to calculate
eGFR in participants. We expressed the eGFR was in
ml/min/1.73m? of body surface area. CKD was defined
based on participants’ eGFR levels using the national
kidney foundation guidelines as follows: eGFR> 60 ml/
min/1.73m? as not having CKD and eGFR<60 ml/
min/1.73m? as having CKD.

Dietary intake assessment

A valid and reliable 168-item semi-quantitative food fre-
quency questionnaire (FFQ) with standard serving sizes
was used to determine the participant’s dietary intake
data in the last year [27]. Expert nutritionists with at least
five years’ experience in TLGS asked individuals to report
the frequency of their intakes for each food item on a
daily, weekly, monthly, or yearly basis; portion sizes of
consumed foods, reported in household measures, were
then converted to daily grams of food intake. Consider-
ing that the Iranian Food Composition Table (FCT) is
incomplete and has limited data on the nutrient content
of raw foods and beverages, we used the United States
Department of Agriculture (USDA) FCT. However, the
Iranian FCT was used for local food items not listed in
the USDA FCT.

Calculation of scores

DIS score were calculated based on the Byrd et al. study
[14] based on 19 food components. High-sensitivity
C-reactive protein and interleukins (interleukin-6,
interleukin-8, and interleukin-10) were considered as
response variables for the development of this inflam-
matory dietary index. According to each food item’s
effect on the inflammatory indicators levels, each item
was assigned a specific weight, which could be positive
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or negative. DIS encompasses originally included leafy
greens and cruciferous vegetables, tomatoes, apples
and berries, deep yellow or orange vegetables and fruit,
other fruits, and natural fruit juices, other vegetables,
legumes, fish, poultry, red and organ meats, processed
meats, added sugars, high-fat dairy, low-fat dairy and tea,
nuts, other fats, refined grains, starchy vegetables, and
supplements intake. However, supplement intake was
excluded from the calculation of DIS in this study due to
the lack of information in our dataset; then, we computed
the overall score with 18 food groups. To compute the
DIS score, each food item was multiplied by its specific
weight (explained in Byrd et al. study) to determine the
weighted values of each item. The weighted values were
then standardized using the Z-score (to a mean of zero
and SD of 1). Finally, all the items’ standardized weighted
values were summed to calculate the DIS score for par-
ticipants [14].

LIS score was calculated using the physical activity,
BMI, and smoking status data based on the Byrd et al.
study [14]. Due to religious and legal restrictions in
the Iranian population, alcohol is not consumed, or its
consumption is not reported, so we did not consider
alcohol consumption to calculate the LIS score. First,
a dummy variable was created from each component
and then multiplied for proposed regression coeffi-
cients [14]: physical activity was categorized into ter-
tiles, and participants in the first, second, and third
tertiles gave 0.0, -0.18, and -0.41, respectively. Partici-
pants were categorized into average weight (BMI< 25),
overweight (25 < BMI < 30), and obese (BMI > 30); and
then respectively received 0.0, 0.89, and 1.57 scores.
Also, the proposed regression coefficients for smok-
ers vs. non-smokers were 0.50 vs. 0.0, which were
assigned. Finally, all the weighted values were summed
to calculate the LIS score.

EBDI score was calculated according to the Na et al
study [15]. They used the Spearman correlation analysis
and multiple regression for selecting food components
and creating a formula to determine the FBDI score. In
the Na et al. study, the spearman correlation analysis
between log hs-CRP and the 51 food components was
determined to select food components (ten dietary com-
ponents) that were considered a significant correlation.
Finally, FBDI was developed based on ten selected food
items: mixed coffee and sweetened drinks, white rice,
green vegetables, eggs, citrus, legumes, red fruits, beef,
bread and wheat flour, and nuts. To calculate the FBDI
score, the intakes of each of the mentioned food groups
were multiplied by its specific applied value (weight).
Finally, all ten weighted intake values were summed to
form an overall FBDI score [15].
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Statistical analyses

We used the Statistical Package for Social Sciences (Ver-
sion 20.0; SPSS, Chicago, IL) to perform all statistical
analyses. The Kolmogorov—Smirnov test and histogram
chart were used to assess the normality of variables.
Baseline characteristics of the participants are expressed
as the mean+SD or median (25-75 interquartile) for
quantitative variables and percentages for qualitative
variables. Individuals were classified according to FBDI
and DIS quartiles cut-off points. Chi-square and lin-
ear regression were used to test for trends of categori-
cal and continuous variables across quartiles of FBDI
and DIS (as the median value in each quartile), respec-
tively. Multivariable Cox regression models were used
with CKD as the dependent variable and FBDI, DIS, and
LIS as independent variables to estimate the risk of inci-
dent outcomes. We reported the hazard ratios (HRs) and
95% confidence intervals (CIs). The first quartile of each
above-mentioned lifestyle and diet inflammatory score
was considered the reference group. The multivariable
model was adjusted for potential confounding factors,
including age, sex, educational level, daily energy intake,
hypertension, type 2 diabetes, BMI (adjusted for FBDI
and DIS), smoking (adjusted for FBDI and DIS), physical
activity (adjusted for FBDI and DIS), and baseline eGFR
level. The proportional hazards assumption was checked
using a log—log plot, and the assumption was satisfied
(lines in the plots were parallel). P-values < 0.05 were con-
sidered to be statistically significant.

In the current study, as additional analysis, we assessed
the combined role of dietary inflammatory scores (FBDI
or DIS) along with lifestyle inflammatory score (LIS) in
predicting the risk of CKD incident; In order to perform
this analysis, the total of DIS Z-score or FBDI Z-score
with LIS Z-score (determined by using the SPSS soft-
ware) were summed for all participants, and two new
inflammatory scores including DIS-LIS and FBDI-
LIS were determined for them. Then, individuals were
divided into quartiles based on their scores for DIS-LIS
and FBDI-LIS. Finally, the risk of CKD incident was
determined for participants across the quartiles of these
new inflammatory scores (Fig. 2A-B).

Results

The mean =+ SD age and BMI of study participants (54.3%
females) were 37.84+12.8 and 26.8+4.7, respectively.
The median (IQR) FBDI, DIS, and LIS in our participants
were 4.40 (-3.85, 14.22), 0.12 (-0.84, 0.93), and 0.71 (0.00,
0.98), respectively. During the 6.03 years of follow-up,
1216 incident cases (20.1%) of CKD were reported (the
incidence rate=260 per 10.000 person-years) among
all participants. Considering that in this study, after
6.03 years of follow-up, part of the initial population was
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excluded from the study for various reasons, therefore,
we compared the baseline data on socio-demographic,
anthropometric, biochemical, and clinical characteristics
among the participants included in the final analysis and
those excluded, and our results showed no significant dif-
ference (data not shown).

We showed individuals’ baseline characteristics accord-
ing to the quartile of FBDI score in Table 1. Individuals
in the highest FBDI score quartile were more likely to
be male, high smoked, and have higher education level
and creatinine level than those in the lowest quartile of
FBDI (P<0.05). Dietary intakes of total fats (as a % of
energy), sweetened drinks, white rice, and beef signifi-
cantly increased across quartiles of FBDI score (P <0.05).
However, the intakes of total energy, carbohydrate (as a
% of energy), protein (as a % of energy), green vegetables,
eggs, citrus fruits, legumes, red fruits, bread wheat flour,
and nuts were decreased across quartiles of this score
(P<0.001).

The characteristics of participants according to the
quartiles of DIS score at baseline are also reported in
Table 2. Participants in the highest DIS score quartile
were more likely to be male, younger, high smoked,
and had lower academic education and percentage
of T2DM and HTN than those in the lowest quartile
of DIS (P<0.05). Also, the level of physical activity
was increased significantly across DIS score quartiles,
whereas the mean BMI was decreased (P <0.01). Fur-
thermore, participants in the highest quartile of DIS
score had higher intakes of total fat, red and processed
meat, added sugar, and refined grains and starchy vege-
tables, but lower intakes of energy, carbohydrates, pro-
teins, leafy greens and cruciferous vegetables, apples
and berries, deep yellow or orange vegetables and fruit,
other fruits and real fruit juices, other vegetables, leg-
umes, nuts, fish, poultry, dairy products, and coffee and
tea compared to those in the lowest quartile of DIS.

Table 3 indicates the findings on the HRs of CKD
across quartiles of FBDI, DIS, and LIS. Based on the
age and sex-adjusted model, the higher score of LIS
(HR=1.26; 95%CI: 1.06-1.49, P for trend: 0.011) and
FBDI (HR=1.18; 95%CIL: 1.01-1.38, P for trend: 0.024)
was associated with increment risk of CKD. How-
ever, no significant association was found between the
higher score of DIS and the risk of developing CKD
(HR=1.03; 95%CI: 0.86—1.24, P for trend: 0.321). Also,
in the multivariable-adjusted model, the positive rela-
tionship between LIS (OR=1.28; 95% CI:1.07-1.55, P for
trend:0.006) and FBDI (HR =1.21;95%CI:1.03-1.42, P for
trend:0.014) and risk of CKD was remained significant,
while no significant association was observed between
higher DIS score and CKD risk based on final model
(HR=1.03;95%C1:0.86-1.23, P for trend:0.524).
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Table 1 Baseline characteristics of participants according to quartiles (Q) of the food-based dietary index of inflammatory potential

Variables Food-based dietary index of inflammatory potential P trend
Q1 Q2 Q3 Q4
n=1511 n=1511 n=1511 n=1511
FBDI score, median (interquartile) -3.96 (-5.73,-2.72) 0.20 (-0.69, 1.08) 4.08(2.94,5.21) 10.69 (848, 14.98) <0.001
Demographic, anthropometric, and other data?
Age (years) 3874134 3654126 3724129 3894121 0.194
Men (%) 39.6 424 47.5 532 <0.001
Body mass index (kg/m2) 272148 266149 265+4.5 268+4.6 0.103
Smoking (%) 82 103 13.0 180 <0.001
Physical activity (MET/hour/week) 62.5(23.8-103.7) 63.6 (22.1 -105.2) 64.1(23.8-105.9) 714(26.7 - 108.9) 0.086
Academic education, (%) 203 22.7 255 283 <0.001
Type 2 diabetes (%) 48 3.7 3.7 44 0.353
Hypertension (%) 10.8 8.2 10.0 83 0.090
Clinical data®
Creatinine (mg/dl) 1.02+0.11 1.02+0.11 1.02+0.11 1.03+£0.11 0.028
Glomerular filtration rate (mlL/min/1.73 m2) 80.0+£9.8 80.2+9.38 79.7+£9.8 794+938 0.116
Nutrient Intake®
Energy(Kcal/d) 2565 (2530—2599) 2409 (2374—2443) 2344 (2310—2379) 2092 (2057—2126) <0.001
Carbohydrate(% of energy) 60.1 (59.7 - 60.5) 57.5(57.1-57.9) 570 (56.6 —57.4) 584 (58.0 -58.8) <0.001
Protein(% of energy) 15.2(149-15.5) 14.6 (143 -14.9) 14.1(13.8-14.4) 139(13.6-14.2) <0.001
Fat(% of energy) 29.8(29.1 -304) 31.0(303-316) 31.5(309-322) 30.3(29.7-31.0) 0.001
FBDI components©
Sweetened drinks (g/d) 317 (293— 340) 474 (449—499) 708 (681—735) 1212 (1184—1239) <0.001
White rice (g/d) 180 (173—188) 226 (218—234) 285 (250—266) 279 (271—287) <0.001
Green vegetables (g/d) 165 (160—1 70) 124 (119—129) 110 - (106—115) 97.4(92.8—102) <0.001
Eggs (g/d) 172164 -18.0) 15.1(143-15.9) 143(13.6—15.1) 129(121-13.7) <0.001
Citrus Fruits (g/d) 172 (167—178) 112 (106—117) 2 (86.6 -96.8) 773 (71 7-829) <0.001
Legumes (g/d) 49.1 (470-51.1) 353(333-374) 304 (284 -325) 24.8(22.8-26.9) <0.001
Red fruits (g/d) 132 (127—138) 83.6(78.1-89.1) 719(66.3-774) 60.3 (54.8 - 65.9) <0.001
Beef (g/d) 15.0(14.1 - 16.0) 17.7(16.8-187) 19.1 (18.1 - 20.0) 178(169-187) <0.001
Bread wheat flour (g/d) 254 (248—260) 204 (198—210) 181 (175—187) 148 (142—1 54) <0.001
Nuts (g/d) 106 (10.0-11.2) 7.7 (70—8.3) 7.0(63-7.6) 6.0(53-6.6) <0.001

2 Data were represented as mean + SD, or median (IQR 25-75) for continuous variables and percent for categorical variables. Chi-square and linear regression were
used to test the trend of continuous and categorical variables across quartiles of the FBDI (as the median value in each quartile), respectively

b Data were represented as mean == SD computed using univariate analysis adjusted for age and sex across quartiles of FBDI. P-value of the univariate analysis

reported as P for trend

¢ Data were represented as mean (95%Cl) computed using univariate analysis adjusted for age and sex across quartiles of FBDI. P-value of the univariate analysis

reported as P for trend

We also assessed the combined role of the inflamma-

tory potential of diet and lifestyle, determined by DIS-LIS
and FBDI-LIS indices, in predicting the risk of CKD and
showed results in Fig. 2A-B. In the multivariable-adjusted
model, the higher scores of DIS-LIS (HR=1.26; 95%CI:
1.06-1.50, P for trend<0.05) (Fig. 2 A) and FBDI-LIS
(HR=1.41; 95%CI: 1.17-1.70, P for trend<0.05) (Fig. 2
B) were related to increased risk of CKD incidence.

Table 4 showed the results on the association of FBDI,
DIS, LIS, FBDI-LIS, DIS-LIS scores (per each quartile

increase) with risk of CKD using subgroup analysis
based on various important variables including sex,
smoking status, education status, diabetes, and hyper-
tension. Our findings showed that the HRs reported
from these subgroup analyses based on different vari-
ables classification are not remarkably different. Based
on sex classification, in women, the association of LIS
score (HR:1.06 vs.1.03), FBDI-LIS score (HR:1.10 vs.
1.08), and DIS-LIS score (HR:1.07 vs.1.05) with the risk
of CKD were slightly stronger than men group. Also, in



Farhadnejad et al. Nutrition Journal (2023) 22:1 Page 7 of 12
Table 2 Baseline characteristics of participants according to quartiles (Q) of the dietary inflammatory score
Variables Dietary inflammatory score P trend

Q1 Q2 Q3 Q4

n=1511 n=1511 n=1511 n=1511
Demographic, anthropometrics, and other data®
DIS score, median (interquartile) -0.73 (-1.07,-0.50) -0.14 (-0.25,-0.03) 0.24 (0.15,0.35) 0.65 (0.50,0.83) <0.001
Age (years) 414+£127 3911126 37541125 3344120 <0.001
Men (%) 34.5 425 50.6 55.0 <0.001
Body mass index (kg/m2) 2764146 271446 2654+48 258446 <0.001
Smoking (%) 9.8 1.7 13.1 15.0 <0.001
Physical activity (MET/hour/week) 62.1(22.3-104.1) 62.0(223-1025)  69.2(298-1074)  689(23.8-1087) 0.009
Academic education, N (%) 23.0 253 26.7 218 0.008
Type 2 diabetes (%) 55 45 4.1 25 <0.001
Hypertension (%) 1.8 9.2 9.1 73 0.001
Clinical data®
Creatinine (mg/dl) 1.03£0.12 1.03£0.12 1.02£0.12 1.03£0.12 0.741
Glomerular filtration rate (mL/min/1.73 m2) 7984100 79.74+98 80.0+9.38 80.0+10.0 0.748
Nutrient Intake®
Energy(Kcal/d) 2410 (2374—2446) 2385 (2349—2420) 2376 (2341—2412) 2238 (2202—2274) <0.001
Carbohydrate(% of energy) 60.3 (59.9 -60.9) 582 (57.8-586) 57.7 (57.3-58.2) 569 (56.5-57.3) <0.001
Protein(% of energy) 15.1 (148 -154) 14.6 (143 -149) 144 (141 -14.7) 139(13.6-14.2) <0.001
Fat(% of energy) 29.9(29.3-306) 30.7 (30.0-31.3) 30.7 (30.1-314) 31.5(30.8-322) 0.015
DIS components©
Leafy greens and Cruciferous vegetables (g/d) 415(39.5-436) 28.0(25.9-30.0) 213(19.2-233) 012 7.0) <0.001
Tomatoes(g/d) 1634 (159.0-167.8) 104 (99.8 - 108.5) 742 (69.8 - 78.5) 47.1 (42 6-51.5) <0.001
Apples and berries(g/d) 161.1 (156.9-1652) 924 (883 -96.5) 60.0 (56.0—6401) 32.9(288-37.1) <0.001
Deep yellow or orange Vegetables and fruit(g/d) 1085 (105.1—111.8)  61.5(58.204—64.8)  41.9 (38.6—45.2) 246 (21.2—279) <0.001
Other fruits and real fruit juices(g/d) 440 (428—452) 302 (291—314) 21 (209—232) 139 (127—151) <0.001
Other vegetables(g/d) 222 (217—227) 168 (163—173) 138 (133—143) 98 (93—103) <0.001
Legumes(g/d) 38.7 (36.7—40.6) 35.9(34.0—37.8) 356 (33.7—37.5) 285 (26.6—304) <0.001
Fish(g/d) 125 (1 3.5) 122 (11.2—13.1) 11.0(10.1-120) 8.9(7.9—9.9) <0.001
Poultry(g/d) 36.0 (34 4—37.6) 30.1 (28.6—31.7) 26.7 (25.1 —282) 21.051(19.5—226) <0.001
Red and organ meats(g/d) 354 (34.0—36.8) 36.7 (353—38.1) 1(36.8—39.5) 38.0(36.6—394) <0.001
Processed meats(g/week) 197 (0.32—4.92) 344 (0.81-6.89) 3.94(1.21-8387) 6.07 (295 - 16.61) <0.001
Added sugars(g/d) 80.9 (75.8—86.0) 86.0 (81.0—91.0) 92.7 (87.7—97.7) 90.7 (85.6—95.8) 0.008
High-fat dairy(g/d) 140 (132—148) 148 (140—156) 153 (1 45—160) 136 (128—144) 0.012
Low-fat dairy(g/d) 242 (233—251) 229 (220—238) 209 (200—218) 1(161—180) <0.001
Coffee and tea(g/d) 762 (734—789) 648 (621—674) 584 (558—6 1.7) 467 (439—494) <0.001
Nuts(g/d) 125(11.8—13.1) 84 (7.7-9.0) 6.5 (5.8—7.1) 4.2 (3.5—4.38) <0.001
Other fats(g/d) 23.0 (22.0—24.1) 27.3(264—284) 282 (27.1—292 31.7 (30.7—32.8) <0.001
Refined grains and Starchy vegetables(g/d) 395 (384—405) 465 (455—475) 522 (512—532) 566 (555—576) <0.001

@ Data were represented as mean + SD, or median (IQR 25-75) for continuous variables and percent for categorical variables. Chi-square and linear regression were
used to test the trend of continuous and categorical variables across quartiles of the DIS (as the median value in each quartile), respectively

b Data were represented as mean = SD computed using univariate analysis adjusted for age and sex across quartiles of DIS, and P-value of the univariate analysis was

reported as P for trend

¢ Data were represented as mean (95%Cl) computed using univariate analysis adjusted for age and sex across quartiles of DIS, and P-value of the univariate analysis

was reported as P for trend

diabetic patients, the HR of CKD according to the FBDI
score (1.16 vs.1.10), LIS score (1.07 vs.1.06), FBDI-LIS
score (1.16 vs.1.10), and DIS-LIS score (1.10 vs.1.07)
was higher than non-diabetic patients, however, due

to the low sample size, the results were statistically
insignificant in diabetic patients group. Also, in hyper-
tensive patients, the HR of CKD was higher than in
non-hypertensive subjects based on FBDI score (1.09
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Table 3 The association between the inflammatory indices and incidence of chronic kidney disease
Quartiles of Lifestyle and dietary inflammatory indices P trend
Q1 Q2 Q3 Q4
FBDI score
Median (interquartile) -3.96 (-5.73,-2.72) 0.20 (-0.69, 1.08) 4,08 (2.94,5.21) 10.69 (848, 14.98)
Follow up period 7.68+2.76 7924261 772274 770277
person-years 11,615 11,972 11,672 11,639
Case/Total 273/1511 298/1511 316/1511 329/1511
Incidence rate (10.000 person year) 228 254 271 283
Model 1* 1.00 (Ref) 0.99 (0.84 - 1.16) 1.11(0.94-1.29) 1.18(1.01-1.38) 0.024
Model 2° 1.00 (Ref) 1.01 (0.85-1.18) 1.13(0.96 - 1.32) 1.21(1.03-142) 0014
DIS score
Median (interquartile) -0.73 (-1.07,-0.50) -0.14 (-0.25,-0.03) 0.24 (0.15,0.35) 0.65 (0.50,0.83)
Follow up period 760+2.79 767+£2.79 7.88+2.64 789+265
person-years 11,485 11,575 11,912 11,915
Case/Total 412/1511 198/1511 255/1511 351/1511
Incidence rate (10.000 person year) 358 166 214 302
Model 1* 1.00 (Ref) 1.07 (092 -1.23) 0.85(0.73 - 1.00) 1.03 (0.86 - 1.24) 0321
Model 2 1.00 (Ref) 1.09 (0.94-1.26) 0.86 (0.73-1.01) 1.03 (0.86 - 1.23) 0.524
LIS score
Median (interquartile) -0.18 (-041,0.00) 0.48(048,0.71) 0.89(0.89,0.89) 1.39(1.16,1.57)
Follow up period 8174252 7634274 7.73£285 740£287
person-years 14,756 1187 6180 10,002
Case/Total 229//1806 350/1554 195/799 374/1350
Incidence rate (10.000 person year) 155 294 315 373
Model 1* 1.00 (Ref) 125(1.05-147) 1.17 (097 -1.42) 1.26 (1.06 - 1.49) 0.011
Model 2 1.00 (Ref) 1.27 (1.06 - 1.52) 1.26 (1.03 - 1.53) 1.28(1.07 - 1.55) 0.006

" Model 1: adjusted for age and sex

* Model 2: additionally adjusted for model 1 and body mass index, smoking, physical activity, education level, energy intake, type 2 diabetes, and hypertension

* Model 2: additionally adjusted for model 1 and education level and energy intake, type 2 diabetes, and hypertension
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vs.1.06), LIS score (1.12 vs.1.03), FBDI-LIS score
(1.20 vs.1.05), and DIS-LIS score (HR: 1.12 vs.1.04).
In smokers group, the association of LIS score (HR:
1.07 vs.0.92), FBDI-LIS score (HR: 1.11 vs.0.99), DIS-
LIS score (HR: 1.08 vs.0.88) with the risk of CKD was
higher than non-smoked participants. Furthermore, in
the current study, participants with higher educational
level were slightly more at risk of CKD than those with
a lower education level.

Discussion

The current study provided strong evidence that a life-
style with a higher score of LIS was significantly associ-
ated with an increased risk of CKD, independent of major
potential confounders in Tehranian adults. Also, a dietary
pattern with a high score of FBDI was positively related
to the risk of CKD in our study populations. However,
no significant association was observed between a high
score of DIS and CKD risk.

To the best of our knowledge, our study is the first
to investigate the association of pro-inflammatory life-
style and dietary pattern with the incidence of CKD in
a longitudinal prospective analysis among adults. Our
results are comparable with findings of previously pub-
lished observational studies conducted on non-CKD
subjects in which a pro-inflammatory lifestyle and
dietary pattern with a high score of LIS, DIS, and FBDI
can be associated with CKD-related disorders such as
T2D and MetS or other nutrition-related chronic dis-
eases [15-21]. Teymoori et al. have shown a positive
relationship between a higher LIS score and incidence
of T2D, but no significant association was observed
between this inflammatory score and the T2D risk
[20]. Based on the findings of Farhadnejad et al. study,
there was a remarkable association between lifestyle
and diet with high DIS and LIS scores and increased
risk of MetS [17]. Also, prospective studies suggested
that pro-inflammatory diets and lifestyles with higher
LIS and DIS scores may be associated with colorectal
cancer incidence [18, 19] and greater risk of all-cause,
cancer- and CVD-specific mortality [16]. Furthermore,
the Na et al. study showed that an increased FBDI score
was related to higher odds of MetS [15].

Our results reported that individuals with high FBDI
score adhered to the pro-inflammatory dietary pattern,
which is characterized by various dietary determinants
intakes that each of them may contribute to develop-
ing kidney dysfunction and increased CKD risk. This
pro-inflammatory dietary pattern was defined by higher
intakes of sweetened drinks, refined grain, and red
meat and lower intakes of green vegetables, eggs, citrus
fruits, red fruits, whole grain, legumes, and nuts. There-
fore, it is expectable that high variation in intakes of the
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above-mentioned dietary factors can play an essential
role in the risk of chronic diseases such as CKD through
the effect on systemic inflammation; e.g., previous inves-
tigations have suggested that higher intakes of fruits, veg-
etables, and whole-grain or their bioactive compounds
are associated with lower levels of inflammatory markers
(such as CRP and ILs) [28-30], and were inversely asso-
ciated with kidney dysfunction [31]. Also, anti-inflam-
matory healthy diet indices such as the Mediterranean
diet and the Dietary Approaches to Stop Hypertension
(DASH) diet focuses on higher consumption of legumes,
nuts, whole grain, vegetables, and fruits, and lower con-
sumption of red and processed meat, saturated fats, and
simple sugar, have shown remarkable anti-inflammatory
effects [32, 33] and protective role in the prevention of
CKD [34, 35]. Furthermore, it has been reported that
higher adherence to an unhealthy dietary pattern, char-
acterized by higher intakes of red and processed meats,
simple sugar, and foods with high saturated fats, is related
to higher inflammatory indices, including CRP and IL-6
[36]. Thus, it is acceptable to declare that greater adher-
ence to a high pro-inflammatory dietary pattern resulted
in an increased risk of low-grade chronic inflammation
and progression of renal dysfunction through-provoking
in pro-inflammatory indices and reducing of anti-inflam-
matory markers.

In our study, the LIS index was introduced as a strong
adverse predictor of kidney function in comparison to
the DIS index; this finding is justifiable because of the
inappropriate levels of each of the components of this
index (elevated BMI, physical inactivity activity, and
smoking) are considered as a main pro-inflammatory
risk factor of the CKD risk, individually; therefore the
cooperative contributions of these lifestyle-related fac-
tors to the inflammatory process have increased the risk
of kidney dysfunction compared with DIS index. It has
been revealed that adiposity is linked to the higher levels
of various inflammatory indicators such as IL-6, TNF-a,
and adipokines [37, 38] that, in this way, indirectly lead
to disruption of kidney function [39]. Also, heavy smok-
ing can have a nephrotoxic effect [40] via chronic effects
on pro-inflammatory reactions, up-regulating inflamma-
tory markers, increased oxidative stress, and glomeru-
losclerosis [41, 42]. Furthermore, previous reports have
suggested that a sedentary lifestyle is associated with
low-grade inflammation, characterized by increased lev-
els of inflammatory indicators such as hs-CRP and IL-6
[43]. Therefore, the cooperative contributions of main
lifestyle factors including elevated BMI, heavy smoking,
and low physical activity level to inflammation, indicated
a significant association between LIS and CKD incidence
in compared to the DIS index as a dietary index that only
focused on inflammatory potential of diet.
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DIS is a dietary inflammatory score based on various
food groups that focus on a wide range of dietary foods,
so the possible interaction of anti/pro-inflammatory food
components of this dietary inflammatory score can atten-
uate its prediction abilities for CKD risk. Also, based on
our findings, the individuals’ intakes for food components
of DIS were close to each other and did not have high dis-
persion; therefore, we observed a narrow range for the
DIS score in participants, which reduced the predictive
power of this inflammatory index in CKD risk. Further-
more, the DIS score has been developed and validated
in a different population, which may have differences in
general characteristics such as lifestyle, dietary habits,
and genetic background with our people, therefore more
studies are needed to assess the applicability of the DIS
index for prediction of CKD in our population. Finally, in
our study, one of the reasons for the greater power of the
LIS index than DIS in predicting the risk of CKD is the
cooperative contributions of major lifestyle-related LIS
components, including BMI, physical activity, and smok-
ing to inflammation that revealed a greater association
with CKD in compared to the DIS that focused only on
dietary components. Therefore, the inflammatory condi-
tions created by LIS components in subjects in the fourth
quartile of LIS can lead participants much more prone to
increased risk of CKD.

The strengths of the current study include its popula-
tion-based prospective setting, relatively large sample
size, and long follow-up time duration. Also, our study is
the first survey that investigates the relationship between
LIS, FBDI, and DIS and CKD incidence risk. Further-
more, we used valid and reliable questionnaires to collect
participants’ dietary intakes and physical activity data.
However, our study had some limitations. Some items
were excluded in the calculation of DIS and LIS; the final
scores were computed based on 18 instead of 19 items for
DIS due to the lack of data in our dataset on nutritional
supplement intakes. Also, we used 3 instead of 4 items for
LIS; because of religious and legal restrictions in the Ira-
nians, alcohol is not consumed, or its consumption is not
reported, so we did not consider alcohol consumption to
compute LIS. Similar to other observational studies, FFQ
was used for the nutritional assessment of participants,
which measurement error is expected. Finally, there is
possible residual confounding which we cannot exclude
due to unknown or unmeasured factors.

Conclusion

Our population-based cohort study suggested that
a higher inflammatory potential of diet and lifestyle,
determined by the higher score of FBDI and LIS, were
associated with increased incidence of CKD in Iranian
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adults; however, no significant association was observed
between the higher DIS score and risk of CKD. Further
epidemiological studies are recommended to address the
possible inflammatory effects of lifestyle and dietary pat-
tern and their combinations in CKD development and its
potential mechanisms.

Abbreviations

CKD Chronic kidney disease

Cls Confidence intervals

CvD Cardiovascular disease

DBP Diastolic blood pressure

DIS Diet inflammation score

EPI Epidemiology Collaboration
FBDI Food-based dietary inflammatory potential
FCT Food Composition Table

FFQ Food frequency questionnaire
FPG Fasting blood glucose

GFR Glomerular filtration rate

HRs Hazard ratios

HTN Hypertension

LIS Lifestyle inflammation score
MAQ Modifiable activity questionnaire

Methwk  Metabolic equivalent/hours per week
MetS Metabolic syndrome

SBP Systolic blood pressure

T2D Type 2 diabetes

TLGS Tehran Lipid and Glucose Study

USDA United States Department of Agriculture
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