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Background/Aim: This study aimed to examine the associations between
dietary protein score and carbohydrate quality index (CQl) and the risk of
chronic kidney disease (CKD) in Iranian adults.

Methods: This population-based cohort study was performed within the
Tehran Lipid and Glucose Study framework on 6,044 subjects aged >18 years
old, who were followed up for a mean of 7.7 years. Dietary protein score and
CQl were determined using a food frequency questionnaire. CKD was defined
as an estimated glomerular filtration rate <60 ml/min/1.73 m2. A multivariate
Cox proportional hazard regression model was used to estimate the risk of
CKD across tertiles of protein score and CQl.

Results: The mean (standard deviation) of age and body mass index of
participants were 37.9 (12.8) years and 26.8 (4.7) kg/m?, respectively. During
the 7.7 + 2.7 years of follow-up, 1,216 cases (20.1%) of CKD were ascertained.
In the final adjusted model, individuals in the highest tertile of protein score
had decreased risk of CKD (HR: 0.85, 95% CI: 0.74-0.98, Pyeng = 0.033).
Also, there is a significant association between total carbohydrate score (HR:
0.85, 95% ClI: 0.73-0.99, Pyeng = 0.016), the ratio of whole grain/total grains
(HR: 0.81, 95% CI: 0.70-0.94, Pyeng = 0.004), and glycemic index (HR: 1.30,
95% CI: 1.12-1.51, Pyeng < 0.001) and risk of CKD. However, no significant
association was found between total protein intakes, plant-to-animal ratio,
and solid carbohydrate/total carbohydrate with the risk of CKD.
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Conclusion: Our results revealed a diet with a high protein score and high
quality of carbohydrates, characterized by higher intakes of plant proteins, low
glycaemic index (Gl) carbohydrates, whole grain, fibers, and lower intakes of
animal proteins, can be related to reduced CKD risk.

chronic kidney disease, macronutrients, protein score, carbohydrate quality, adults

Introduction

Chronic kidney disease (CKD) is a progressive disease
characterized by the existence of kidney injuries or a glomerular
filtration rate (GFR) lower than 60 ml/min/1.73 m? (1). The
global prevalence of CKD has been increasing since 1990 and
reached 9/1%, equal to 697-5 million cases and 1.2 million death
in 2017. CKD resulted in 35.8 million disability-adjusted life-
years (DALYs) and 1.4 million cardiovascular diseases (CVDs)
related deaths in 2017 (2, 3). Diabetes, hypertension (HTN), and
lifestyle factors such as obesity, smoking, and bad diet quality
have been recognized as risk factors for CKD (4, 5).

Diet as a determinant modifiable related factor with CKD,
assessed in various aspects, including dietary macro and
micronutrients, food groups, and dietary patterns to predict
the risk of CKD in previous studies (6, 7). Carbohydrates and
protein, as the main sources of the human diet, form 60 to
75% of a usual diet (8), so they have an important role in
body metabolism and human health. Studies showed that the
metabolic effects of carbohydrates and protein are influenced
by their components and types based on structural features,
physiologic behaviors, food sources, and consumption amounts
(3, 9).

Findings of a meta-analysis proposed that a high protein
compared to a low or normal protein diet increased the GFR in
subjects who were free of CKD (10). Also, some studies assessed
the sources of protein intake from animal or plant foods with
CKD and reported controversial findings (3, 11-13). Recently a
protein score that combined total protein and plant-to-animal
ratio (PAR) was proposed to predict the quality and quantity of
dietary protein intake (12). Moller et al. indicated that higher
protein scores are inversely related to HbAlc and positively
increased GFR (12).

Carbohydrates are a heterogeneous class of nutrients, and
their various types may affect body metabolism differently (14).
Fiber is a subclass of carbohydrates that has various beneficial
effects, however, simple sugars are easily metabolized into fatty
acids and could adversely affect health markers. Also, frequent
consumption of food with high glycaemic index (GI) increases
the risk of obesity, diabetes, and CVD (15). The results of some
observational studies show that the number of carbohydrates
in the diet can be important in predicting kidney damage
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and CKD risk. Yuzbashian et al. reported that there is no
significant association between the consumption of dietary
carbohydrates and CKD risk (11); however, the Korean Genome
and Epidemiology Study showed that a diet with a low fat-to-
carbohydrate intake ratio was related to a higher risk of CKD
in the general population (16). Furthermore, Farhadnejad et al.
suggested that a low-carbohydrate, high-protein diet may be
associated with increased CKD risk among Tehranian adults
(17). It seems that carbohydrate quality has the same or more
important role than carbohydrate amount in human health
(18). Therefore nutritionists always recommend improving the
quality of carbohydrate intake to prevent diseases (19). Zazpe
et al. proposed the carbohydrate quality index (CQI) using four
criteria: dietary fiber intake, GI, whole grains/total grains ratio,
and solid carbohydrate/total carbohydrate (SCHO/TCHO),
with the hypothesis that higher CQI is associated with higher
micronutrient intake adequacy and lower risk of chronic disease
CQI (20). They found that a higher CQI was strongly associated
with better micronutrient intake adequacy (20) and showed a
significant inverse association with the incidence of CVD (14).
Also, Kim et al. have indicated that a higher CQI is related to a
lower risk of obesity and HTN, however, it was not associated
with diabetes and metabolic syndrome (MetS) (21).

To our knowledge, the association between protein score
and CQI was not previously assessed with the risk of CKD
incident, so we aimed to assess the associations between dietary
protein score and CQI and the risk of CKD in Iranian adults.

Materials and methods

Study population

The current study was performed in the framework of the
Tehran Lipid and Glucose Study (TLGS), a population-based
cohort study conducted to investigate the risk factors of chronic
diseases among a representative urban population of Tehran,
including 15,005 participants aged>3 years (22). The first survey
of TLGS was initiated in March 1999, and data collection
conducted prospectively at 3 years intervals is ongoing. The
baseline survey was a cross-sectional study conducted from 1999
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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 explained
previously (22).

In the third survey of the TLGS (2006-2008), of 12,523
participants, 3,568 were randomly selected for dietary
assessment, and in the fourth survey (2009-2011), 7,956
randomly selected subjects agreed to complete dietary
assessment. For the current study, participants with complete
dietary data on the third examination of TLGS and the new
entries participants in the fourth examination, which was 9,232,
were included. For the present study, of 7,761 individuals aged
>18 years, participants with CVD outcomes (n = 81), prevalent
cancer (n = 16), pregnant and lactating women (n = 195), those
with under- or over-reported dietary energy intakes (out of
the range 800-4,200 kcal/day) (23) (n = 492) and participants
with CKD in the baseline (n = 692) were excluded. Some of
them may fall into more than one category (n = 77). Of 6,365
participants at baseline, who were followed-up, 321 were lost
to follow-up, and 6,044 participants remained for final analysis
(follow-up rate: 94.95%) (Figure 1).

Ethical statement

The study complies with the Declaration of Helsinki, and
the study protocol was approved by the Ethics Committee of
the Research Institute for Endocrine Sciences, affiliated with the
Shahid Beheshti University of Medical Sciences, Tehran, Iran.
Informed consent was obtained from all individual participants
included in the study.

Demographic and anthropometric
assessments

Demographic information, including age, sex, smoking
status, educational level, medical history, medication use, etc.,
was assessed using a pretested questionnaire. Weight was
measured over light clothing using a SECA digital weighing
scale (Seca 707; Seca Corporation, Hanover, Maryland) with
an accuracy of up to 100 g. Height was measured using a
stadiometer with a minimum of 1 mm in a standing position
without shoes and shoulders in normal alignment. Body mass
index (BMI) was computed as weight (kg) divided by the square
of height (m?).

Biochemical and clinical
measurements

Blood samples of all participants were collected after 12—
14 h of overnight fasting in a steady-state sitting position
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between 7:00 and 9.00 a.m. and centrifuged within 30-
45 min of collection. All samples were analyzed at the TLGS
research laboratory on collection using Selectra 2 auto-analyzer
(Vital Scientific, Spankeren, Netherlands). Fasting blood sugar
(FBS) was measured using an enzymatic colorimetric method
with glucose oxidase. Inter/intra-assay coefficient variations
for FBS were both 2.2% for FBS. Triglycerides (TGs) levels
were measured using the enzymatic colorimetric method with
glycerol phosphate oxidase. Inter- and intra-assay CVs for TGs
were 0.6 and 1.6%, respectively.

Blood pressure (BP) was measured twice on the right
arm with a minimum interval of 30 s, using a mercury
sphygmomanometer and Korotkoff sound technique, with an
accuracy of 2 mm Hg, after resting for at least 15-min sitting on
a chair. The average of the two measurements was considered
the subject’s BP; systolic BP (SBP) with the first sound to be
heard and diastolic BP (DBP) with the disappearance of the
sound was recorded.

Dietary assessment

Dietary data were assessed using a valid and reliable
semi-quantitative 168-item food frequency questionnaire (24).
During a face-to-face interview, the frequency of consumption
for each food item during the past year on a daily, weekly, or
monthly basis was collected by trained and skilled dieticians.
The food items were chosen according to the most frequently
consumed items in Iran’s national food consumption survey.
Portion sizes of consumed foods reported in domestic measures
were then transformed to gram scale. The United States
Department of Agriculture (USDA) food composition table
(FCT) is used to compute energy and nutrients content
(25). The Iranian FCT (26) was used for local food items
unavailable in USDA FCT.

For each carbohydrate-containing food, GI is described as
the area under the blood glucose response curve over 2 h after
eating the food relative to that after consuming the equivalent
amount of carbohydrate as glucose. The international table of GI
and list of the GI of Iranian foods (27, 28) were used to obtain the
GI value of each food item. The total dietary GI was determined
as the following:

Dietary GI = [(carbohydrate content of each food item)
x (number of servings/d)

x (GI)]/total daily carbohydrate intake.

Exposure definition
Carbohydrate quality index

The CQI (20) was defined by summing the following four
criteria: dietary fiber intake (g/day), GI, whole grains: total
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FIGURE 1
Flowchart of the study population.

grains ratio, and SCHO/TCHO. We considered only the amount
of CHO from each food for the determination of dietary SCHO
or dietary TCHO. Total grains are calculated by summing the
intakes of whole grains, refined grains, and their products.
Participants were categorized into quintiles based on intake of
each component and were given a value (ranging from 1 to 5)
according to each quintile. For fiber, whole grains: total grains
ratio, and SCHO/TCHO, subjects in the lowest quintile received
1 point, and those in the highest one received 5 points. For GI,
those in the lowest quintile were assigned 5 points, and those in
the highest one were assigned 1 point. Finally, we summed up
the scores for all four components to compute the CQI score
(ranging from 4 to 20). Each component of the score was also

considered separately.

Protein score

The protein score (12) was set according to total protein
intake (% energy) PAR. The study population was divided into
11 strata according to total protein intake and PAR. Participants
in the highest category of these components received 10 points,
subjects in the next stratum received 9 points, and so on, down
to subjects in the lowest category, who received 0 points. Then
the points of both components were summed, and the overall

Frontiers in Nutrition

04

(n = 6044)

Participants individuals with CKD in the baseline (n = 692)
(n=6365)

s T

[ Loss to follow up (n = 321) ]

protein diet score ranging from 0 to 20 points was created. Each
component of the score was also considered separately.

Physical activity assessment

Physical activity was assessed using the Modifiable Activity
Questionnaire (MAQ), which has previously been updated and
validated among Iranians (29). Participants were asked to report
and identify the frequency and time spent on activities of
light, moderate, hard, and very hard intensity during the past
12 months, according to a list of common activities of daily life;
physical activity levels were reported as metabolic equivalent
hours per week (MET-h/week).

Outcome definition

The Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) equation formula was used to express estimated
GFR (eGFR) in ml/min/1.73 m? of body surface area
(30). The abbreviated CKD-EPI equation is as follows:
GFR = 141 x min (serum creatinine/0.7 for females and 0.9 for
males, 1)~ 1209 x 0.99348¢ x 1.018 [if female]. CKD was defined
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TABLE 1 Baseline characteristics of participants according to tertiles (T) of protein score.

Variables Protein score

T1 (n = 2,561) T2 (n=1,714) T3 (n = 1,769) Pirend*
Age (years) 36.1 £12.1 37.8+£12.8 404 £133 <0.001
Male (%) 42.3 45.1 51.2 <0.001
BMI (kg/mz) 264 +4.7 27.0 4.8 27.1+4.6 <0.001
Smoking (%) 13.2 12.4 11.2 0.049
Physical activity (MET/h/week) 72.7 £60.8 74.7 £ 64.2 75.4 £ 64.0 0.159
Academic education (%) 22.6 26.1 24.6 0.086
GFR (ml/min/1.73 m?) 80.5+12.3 79.7 £12.3 789+ 124 <0.001
SBP (mm Hg) 109 +15.2 111 £ 16.0 113 £16.2 <0.001
FBS (mg/dl) 90.3 £ 18.8 91.7 £20.4 94.8 +26.2 <0.001
TGs (mg/dl) 134 +82.2 142 +90.8 153 +94.4 <0.001
Dietary intakes
Energy (Kcal/day) 2,388 £ 713 2,314 £ 727 2,338 £ 710 0.012
Carbohydrate (% of energy) 559+ 6.7 58.4+ 6.7 61.5+9.8 <0.001
Fat (% of energy) 334+65 29.6 £5.7 27.7+21.4 <0.001
Protein score 7.0+ 1.9 104+ 0.4 139+ 1.9 <0.001
Protein (% of energy) 13.1+1.8 14.8 £3.2 16.1 £9.8 <0.001
PAR 0.93 £+ 0.35 1.34+1.01 1.69 +0.92 <0.001
CQI 104 £2.8 12.0£29 142429 <0.001
Fiber (g/1,000 Kcal) 154+53 19.0£79 23.5+£252 <0.001
Glycemic index 60.7£7.5 58.7 £ 8.1 55.0 + 8.1 <0.001
Whole-grain/total-grain 0.19£0.14 0.26 £0.17 0.39 £0.20 <0.001
SCHO/TCHO 0.97 £ 0.03 0.97 £ 0.02 0.98 £+ 0.01 <0.001

BMI, body mass index; GFR, glomerular filtration rate; SBP, systolic blood pressure; FBS, fasting blood sugar; TGs, triglycerides; PAR, plant-to-animal protein ratio; CQ, carbohydrates
quality index; SCHO, solid carbohydrates; TCHO, total carbohydrates (including solid carbohydrates + liquid carbohydrates). Data 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 tertiles of the

protein quality (as the median value in each tertile), respectively.

as having eGFR of <60 ml/min/1.73 m?, and participants with
eGFR of >60 ml/min/1.73 m* were considered non-CKD.

Statistical analyses

Statistical analysis was conducted using the SPSS software
(Statistical Package for the Social Sciences, version 15.0, SPSS
Inc., Chicago, IL, USA). Study populations were categorized into
tertiles of protein score, CQI, and their components. Baseline
characteristics of participants are expressed as mean £+ SD or
median (25-75 interquartile range) for continuous variables and
percentages for categorical variables across tertiles of protein
score and CQI. To test the trend of continuous and dichotomous
variables across tertiles of protein score and CQI, linear
regression and Chi-square test were performed, respectively.
Individuals’ person-time (person-year) and duration of follow-
up (in the year) were calculated from baseline to the time at
which an event (definitive diagnosis of CKD by a physician
based on the above-mentioned criteria) occurred for the first
time (event date), or the last date of follow-up examination,
whichever occurred first. The event date of occurrence of
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the CKD was determined as mid-time between the date of
the follow-up visit at which the CKD was detected for the
first time and the most recent follow-up visit preceding the
diagnosis. Cox proportional hazard regression was used to
estimate the hazard ratio (HR) and 95% confidence intervals
(CIs) of CKD across tertiles of protein score, CQI, and their
components according to three models, including model 1
(adjusted for age and sex), model 2 (adjusted for model 1 and
BMI, smoking, physical activity, education level, and energy
intake) and model (adjusted for model 2 and baseline GFR, SBP,
FBS, TGs, and sodium).

We also conducted sensitivity analyses among the three
populations without diabetic, hypertensive, and MetS patients
to assess the robustness of the study findings. All P-values
were based on two-sided tests, and P-values < 0.05 were
considered significant.

Results

The mean =+ standard deviation (SD) of age and BMI
of participants (45.7% male) were 37.9 =+ 12.8 years
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TABLE 2 Baseline characteristics of participants according to tertiles (T) of carbohydrates quality index.

Variables Carbohydrates quality index Pirend®
T1 (n=2,014) T2 (n=2,014) T3 (n=2,016)

Age (years) 340+ 11.6 379+ 125 41.5 £+ 13.0 <0.001
Male (%) 51.4 44.1 415 <0.001
BMI (kg/mz) 26.0 £4.7 26.8 £4.6 27.5+£4.7 <0.001
Smoking (%) 16 12 9.2 <0.001
Physical activity (MET/h/week) 753+ 62.6 729 +£61.9 74.0 £ 63.6 0.517
Academic education (%) 249 24.8 22.8 0.115
GFR (ml/min/1.73 m?) 819+ 122 799 £12.4 77.6 £12.1 <0.001
SBP (mm Hg) 109 £ 15.0 110 £ 15.8 112+ 16.3 <0.001
FBS (mg/dl) 90.1£17.3 91.4 £20.6 94.6 £ 26.2 <0.001
TGs (mg/dl) 136 + 88.0 141 + 88.8 149 + 88.8 <0.001
Dietary intakes

Energy (Kcal/day) 2,351 &+ 740 2,347 £ 719 2,358 + 691 0.763
Carbohydrate (% of energy) 573+6.9 580+ 6.6 59.4+10.1 <0.001
Fat (% of energy) 31.2+6.8 30.7 £ 6.4 30.1£20.3 0.012
Protein score 82+£28 9.6 £2.8 120+ 3.1 <0.001
Protein (% of energy) 13.7+3.4 142426 15.54+9.1 <0.001
PAR 1.09 £ 0.63 1.234+0.74 1.49 £ 1.02 <0.001
CQI 83+ 14 11.94+09 157+ 1.5 <0.001
Fiber (g/1,000 Kcal) 157 £ 6.4 19.0 £ 8.1 21.6 £23.6 <0.001
Glycemic index 64.0 £ 6.5 59.0£7.0 523+£6.5 <0.001
Whole-grain/total-grain 0.13 £ 0.09 0.24 £0.14 0.43 £0.18 <0.001
SCHO/TCHO 0.96 £ 0.03 0.97 £ 0.02 0.98 £0.01 <0.001

BMI, body mass index; GFR, glomerular filtration rate; SBP, systolic blood pressure; FBS, fasting blood sugar; TGs, triglycerides; PAR, plant-to-animal protein ratio; CQ, carbohydrates
quality index; SCHO, solid carbohydrates; TCHO, total carbohydrates (including solid carbohydrates + liquid carbohydrates). Data 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 tertiles of the

protein quality (as the median value in each tertile), respectively.

and 268 £+ 47 kg/m?, respectively. During the
7.7 =+ 27 vyears of follow-up, 1,216 cases (20.1%)
of CKD occurred.

General characteristics and dietary intake of the study
population based on tertiles of protein score are indicated in
Table 1. Across tertiles of protein score, the male percentage,
BMI, SBP, FBS, TGs, and dietary intake of carbohydrates,
protein, PAR, protein score fiber, whole-grain/total-grain,
SCHO/TCHO, and CQI increased, while smokers, GFR, dietary
intake of energy, fat, and GI decreased. There was no significant
difference in physical activity and education status between
tertiles of protein score.

Table 2 presents participants’ demographic characteristics
and dietary intakes across tertiles of carbohydrate quality.
Across the CQI, BMI, SBP, FBS, TGs, dietary intake of
carbohydrate, protein, PAR, protein score, fiber, whole
grain/total grain, SCHO/TCHO, and CQI increased, and the
percent of male and smokers, GFR, dietary intake of fat, and
GI decreased. We observed no significant difference in physical
activity, education status, and energy intake between tertiles of
CQL
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The HR (95% CI) of CKD incident in tertiles of protein
score and its components are shown in Table 3. A higher
dietary protein score was significantly associated with a lower
risk of CKD incident in all Cox regression models. In the final
adjusted model for potential confounders, the HR (95% CI)
of CKD incident among participants in the highest vs. lowest
tertile of protein score was 0.85 (0.74-0.98), Pyenqg = 0.033.
However, in all adjusted models (Figure 2), total protein
was not significantly related to the risk of CKD. The HR
(95% CI) of CKD was 0.91 (0.78-1.05), Pyeng = 0.177 for
participants in the highest compared with the lowest tertile of
total protein in the final adjusted model. Although the PAR was
significantly associated with a lower risk of CKD in adjusted
models 1 (HR: 0.84; 95% CI: 0.73-0.98), (Pyena = 0.019),
and 2 (HR: 0.85; 95% CI: 0.74-0.99), (Pyenq = 0.030), after
adjusting the baseline GFR, SBP, and serum levels of FBS
TGs, and sodium intake in the final model, this association
become non-significant (HR: 0.94; 95% CI: 0.81-1.090),
(Ptrena = 0.439).

Table 4 shows the association of carbohydrate score and its
components with the incidence of CKD. In all adjusted models,
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TABLE 3 Hazard ratio (95% confidence interval) of chronic kidney disease across tertile protein score and its components.

Dietary indices Protein score and its components Pirend”
Tertile 1 Tertile 2 Tertile 3

Protein score

Median score 7.0 10.0 13.0

Follow-up period (years) 8.5 8.5 8.6

Model 1* 1.00 (Ref) 0.96 (0.83-1.11) 0.81 (0.70-0.93) 0.004

Model 21 1.00 (Ref) 0.95 (0.82-1.10) 0.81 (0.70-0.93) 0.005

Model 3% 1.00 (Ref) 0.96 (0.83-1.10) 0.85 (0.74-0.98) 0.033

Total protein (% of energy)

Median score 12.0 14.1 16.5

Follow-up period 84 8.5 8.6

Model 1* 1.00 (Ref) 1.06 (0.91-1.22) 0.91 (0.78-1.05) 0.156

Model 2T 1.00 (Ref) 1.04 (0.90-1.21) 0.89 (0.77-1.03) 0.101

Model 3* 1.00 (Ref) 1.05 (0.90-1.21) 0.91 (0.78-1.05) 0.177

PAR

Median score 0.67 1.07 1.77

Follow-up period 8.5 8.5 8.6

Model 1* 1.00 (Ref) 0.96 (0.83-1.11) 0.84 (0.73-0.98) 0.019

Model 27 1.00 (Ref) 0.96 (0.83-1.11) 0.85 (0.74-0.99) 0.030

Model 3+ 1.00 (Ref) 1.03 (0.89-1.19) 0.94 (0.81-1.09) 0.439

PAR, plant-to-animal protein ratio. *Model 1: adjusted for age and sex. TModel 2: additionally adjusted for model 1 and body mass index, smoking (yes, no), physical activity, education

level (academic, non-academic), and energy intake. FModel 3: additionally adjusted for model 2 and baseline GFR, systolic blood pressure, fasting blood sugar, triglycerides, and sodium

intake (all continues).
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higher carbohydrate score and ratio of whole grain/total grains

were significantly related to a lower risk of CKD incident, but
higher GI was associated with higher CKD risk. In the final
adjusted model for potential confounders, the HR (95% CI)
for incidence of CKD among participants who were in the
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highest compared to lowest tertile of carbohydrate score, the
ratio of whole grain/total grains, and GI were 0.85 (0.73-0.99),
Pyend = 0.016 and 0.81 (0.70-0.94), Pyreng = 0.004, and 1.30
(1.12-1.512), Pyenqg < 0.001. However, in all adjusted models
(Figure 3), SCHO/TCHO showed no significant association
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TABLE 4 Hazard ratio (95% confidence interval) of chronic kidney disease across carbohydrate quality index score and its components.

Dietary indices Carbohydrate quality index score and its components Pirend®
Tertile 1 Tertile 2 Tertile 3

Carbohydrate quality index

Median score 8.00 12.00 16.00

Follow-up period 8.5 8.5 8.6

Model 1* 1.00 (Ref) 1.06 (0.91-1.24) 0.83 (0.71-0.97) 0.007

Model 2f 1.00 (Ref) 1.06 (0.90-1.24) 0.83 (0.71-0.97) 0.006

Model 3* 1.00 (Ref) 1.04 (0.89-1.21) 0.85 (0.73-0.99) 0.016

Glycemic index

Median score 50.7 58.5 66.3

Follow-up period 84 8.6 8.5

Model 1* 1.00 (Ref) 1.11 (0.96-1.28) 1.19 (1.03-1.38) 0.015

Model 21 1.00 (Ref) 1.13 (0.98-1.30) 1.21 (1.05-1.40) 0.008

Model 3% 1.00 (Ref) 1.14 (0.99-1.32) 1.30 (1.12-1.51) <0.001

Fiber intake

Median score 13.0 17.4 23.0

Follow-up period 8.4 8.6 8.5

Model 1* 1.00 (Ref) 0.91 (0.79-1.06) 0.93 (0.80-1.07) 0.399

Model 2f 1.00 (Ref) 0.85 (0.73-1.00) 0.82 (0.68-0.99) 0.063

Model 3+ 1.00 (Ref) 0.78 (0.67-0.91) 0.77 (0.64-0.93) 0.021

Whole grain/total grains

Median score 0.07 0.23 0.46

Follow-up period 84 8.6 8.5

Model 1% 1.00 (Ref) 0.88 (0.76-1.02) 0.82 (0.71-0.94) 0.010

Model 2f 1.00 (Ref) 0.87 (0.75-1.01) 0.82 (0.71-0.94) 0.010

Model 3* 1.00 (Ref) 0.92 (0.79-1.06) 0.81 (0.70-0.94) 0.004

SCHO/TCHO

Median score 0.96 0.98 0.99

Follow-up period 84 8.6 8.5

Model 1* 1.00 (Ref) 0.98 (0.84-1.15) 0.90 (0.78-1.05) 0.220

Model 21 1.00 (Ref) 0.99 (0.85-1.16) 0.91 (0.78-1.06) 0.269

Model 3* 1.00 (Ref) 0.98 (0.84-1.15) 0.98 (0.85-1.14) 0.873

SCHO/TCHO, solid carbohydrates/total carbohydrates ratio. *Model 1: adjusted for age and sex. TModel 2: additionally adjusted for model 1 and body mass index, smoking (yes, no),
physical activity, education level (academic, non-academic), and energy intake. ¥ Model 3: additionally adjusted for model 2 and baseline GFR, systolic blood pressure, fasting blood sugar,

triglycerides, and sodium (all continues).

with the risk of CKD. The HR (95% CI) of CKD was 0.98 (0.85—
1.14), Pyeng = 0.873 for participants in the highest vs. lowest
tertile of SCHO/TCHO in the final adjusted model. There was
no significant relationship between higher fiber intake and the
risk of CKD incident in the age and sex-adjusted model, whereas
participants in the highest vs. lowest tertiles of fiber higher
significantly associated with a lower risk of CKD in the second
[HR (95% CI) = 0.82 (0.68-0.99), Pyrend = 0.063] and third [HR
(95% CI) = 0.77 (0.64-0.93), Pyreng = 0.021] adjusted models.
Table 5 shows the results of sensitivity analyses among three
populations of the whole study population for assessing the
robustness of findings of protein score and CQI relationship and
CKD incidence. By excluding the diabetic patients in baseline,
The HR (95% CI) of CKD incidence among participants in
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the highest vs. lowest tertile of CQI, GI, fiber intake, and
whole grain/total grains was 0.84 (0.71-0.99), 1.26 (1.08-
1.48), 0.79 (0.64-0.97), and 0.81 (0.69-0.94), respectively. When
hypertensive patients were excluded, still CQI (HR: 0.80; 95%
CI: 0.67-0.96) and whole grain/total grains (HR: 0.81; 95% CIL:
0.69-0.96) were associated with a lower risk of CKD, whereas
higher GI score (HR: 1.32; 95% CI: 1.11-1.57) was related with
a higher risk of CKD. Also, When patients with MetS were
excluded, still CQI (HR: 0.78; 95% CI: 0.64-0.95) and whole
grain/total grains (HR: 0.79; 95% CI: 0.65-0.95) were related
to lower risk of incidence of CKD; however, higher GI score
(HR: 1.39; 95% CI: 1.15-1.68) was associated with higher CKD

risk.
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Discussion

In this prospective cohort study, after 7.7 years of follow-
up, we observed that a diet with a high protein score and high
quality of carbohydrates was significantly related to decreased
risk of CKD, independent of important confounders, including
age, sex, smoking, total energy intake, BMI, physical activity,
baseline eGFR, SBP, serum FBS, and TGs. Also, the higher ratio
of whole grain/total grains and fiber intake was significantly
associated with decreased risk of CKD. However, the higher
dietary GI is related to higher CKD incidents. Furthermore,
there is no significant association between total protein, PAR,
and SCHO/TCHO and CKD risk.

Although so far, no study has yet assessed the association
of protein score and CQI with the risk of CKD, our results are
comparable with the findings of several previous studies that
have focused on the possible relationship between quality and
quantity of protein with eGFR level or renal dysfunction (3,
11-13). Yuzbashian et al. reported that a higher intake of plant
protein and lower animal protein intake was positively related
to eGFR level and reduced the risk of CKD (11). Also, Moller
et al. reported a positive association between higher protein
scores and increased GFR levels (12). The Alvirdizadeh et al.
study did not show any significant relationship between total
and animal protein and the risk of CKD, however, they reported
that higher plant protein consumption may be associated with
a reduced risk of CKD incident (3).
of a large cohort study on the USA population indicate

Furthermore, results
that although higher intakes of plant and animal protein

are independently associated with cardiometabolic indices, no
remarkable association was observed between protein intakes
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and the risk of renal dysfunction (13). The differences in
some of the results of previous studies and our study on the
role of quality and quantity of dietary protein in the risk
of kidney dysfunction can be explained by various reasons;
the difference in protein content of dietary patterns and
its food sources and the method of preparing and cooking
foods containing high protein in various societies can be act
as a major source of existing controversies. Differences in
general individual characteristics such as gender, age, race,
and basic metabolic conditions of the population at the
beginning of the study and differences in study design and
adjustment of confounding factors were the other reasons
that may explain the possible controversies in the findings of
previous investigations.

Our findings support the hypothesis that adherence to a
plant-based protein diet, along with lower intakes of animal
protein, can play a crucial role in preventing the decrease in
GFR and reducing the risk of developing kidney damage. The
Lin et al. study reported that higher consumption of red meat
(two or more servings per week), which is rich in animal protein
and fat, may be associated with renal dysfunction (31).

Indeed, high consumption of red and processed meat as a
food item rich in saturated fatty acids and sodium is recognized
as part of an inappropriate dietary pattern and unhealthy
lifestyle (11) that can be associated with an increased risk
of CKD (32). The Haring et al. study (33) suggested that
specific dietary protein sources may play a different role in
the progression of CKDj; they revealed that dietary pattern
rich in red and processed meat was adversely related to
CKD risk, but higher intakes of plant-based proteins from
food sources such as nuts and legumes play a protective
role against the progression of CKD (33). Some reasons and
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TABLE 5 The association of protein score, carbohydrate quality index score, and their components with risk of chronic kidney disease.

Hazard ratios (95% confidence intervals) Pirend®

Tertile 1 Tertile 2 Tertile 3
Diabetic patients excluded (N = 5,321)
Protein score 1.00 (Ref) 0.92 (0.79-1.08) 0.87 (0.75-1.02) 0.103
Total protein (% of energy) 1.00 (Ref) 1.06 (0.90-1.20) 0.92 (0.78-1.08) 0.277
PAR 1.00 (Ref) 1.03 (0.88-1.21) 0.95(0.81-1.11) 0.562
Carbohydrate quality index 1.00 (Ref) 1.03 (0.87-1.22) 0.84 (0.71-0.99) 0.021
Glycemic index 1.00 (Ref) 1.12 (0.96-1.31) 1.26 (1.08-1.48) 0.003
Fiber intake 1.00 (Ref) 0.81 (0.68-0.95) 0.79 (0.64-0.97) 0.045
Whole grain/total grains 1.00 (Ref) 0.91 (0.77-1.07) 0.81 (0.69-0.94) 0.009
SCHO/TCHO 1.00 (Ref) 0.97 (0.82-1.15) 0.96 (0.81-1.13) 0.639
Hypertensive patients excluded (N = 5,153)
Protein score 1.00 (Ref) 0.99 (0.84-1.17) 0.91 (0.77-1.08) 0.320
Total protein (% of energy) 1.00 (Ref) 1.09 (0.92-1.30) 0.93 (0.78-1.11) 0.378
PAR 1.00 (Ref) 1.04 (0.88-1.23) 0.93 (0.78-1.11) 0.457
Carbohydrate quality index 1.00 (Ref) 0.98 (0.82-1.18) 0.80 (0.67-0.96) 0.009
Glycemic index 1.00 (Ref) 1.81 (0.99-1.39) 1.32 (1.11-1.57) 0.001
Fiber intake 1.00 (Ref) 0.81 (0.67-0.97) 0.82 (0.66-1.03) 0.154
Whole grain/total grains 1.00 (Ref) 0.88 (0.74-1.04) 0.81 (0.69-0.96) 0.019
SCHO/TCHO 1.00 (Ref) 0.99 (0.82-1.19) 0.91 (0.76-1.09) 0.342
Metabolic syndrome patients excluded (N = 4,348)
Protein score 1.00 (Ref) 0.87 (0.72-1.05) 0.84 (0.70-1.02) 0.077
Total protein (% of energy) 1.00 (Ref) 1.06 (0.88-1.28) 0.90 (0.74-1.09) 0.255
PAR 1.00 (Ref) 1.07 (0.89-1.29) 0.89 (0.73-1.08) 0.265
Carbohydrate quality index 1.00 (Ref) 0.90 (0.73-1.10) 0.78 (0.64-0.95) 0.015
Glycemic index 1.00 (Ref) 1.07 (0.89-1.29) 1.39 (1.15-1.68) 0.001
Fiber intake 1.00 (Ref) 0.77 (0.63-0.94) 0.76 (0.59-0.98) 0.063
Whole grain/total grains 1.00 (Ref) 0.82 (0.68-1.00) 0.79 (0.65-0.95) 0.021
SCHO/TCHO 1.00 (Ref) 0.91 (0.74-1.12) 0.88 (0.72-1.08) 0.236

“Model 1: adjusted for age and sex. TModel 2: additionally adjusted for model 1 and body mass index, smoking (yes, no), physical activity, education level (academic, non-academic),

and energy intake. #Model 3: additionally adjusted for model 2 and baseline GFR, systolic blood pressure, fasting blood sugar, triglycerides, and sodium (all continues).

explanations may support our results that suggest the possible
relationship between plant protein and animal protein with
renal function; higher intakes of protein from various plant
food sources, including gluten (34) and soy protein (35),
may decrease the levels of serum TGs, total cholesterol, and
reduce oxidized low-density lipoprotein-cholesterol and uric
acid, therefore, plant protein can be effective in decreasing
oxidized-lipoprotein-induced glomerular damage and reducing
the development of CKD by reducing these lipids concentration
(36). The different amino acid composition of plant protein
compared to animal protein (higher proportions of glutamic
acid, phenylalanine, proline, cysteine, and serine) can also play
an effective role in kidney function and its related risk factors,
such as BP (37). A diet with high plant-based protein is also
rich in antioxidant nutrients such as vitamin C, potassium,
calcium, and magnesium, and phytochemicals that can be
linked to lower dietary acid load and improved renal function
(38, 39).
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Although the association of CQI (focusing on quantity and
quality of CHOs) with eGFR level or renal dysfunction has
yet not been assessed, our findings are somewhat comparable
with limited studies with controversial results that previously
have focused on the possible role of CHO with risk of
chronic disease (14, 21). Zazpe et al. suggested that a
better quality of dietary CHO (higher score of CQI) is
inversely associated with the risk of CVD incidence (14). Also,
Kim et al. have reported that a higher CQI is negatively
related to the risk of obesity and HTN, however, it was
not significantly associated with diabetes and MetS (21).
Furthermore, our results are in agreement with previous
results among the Iranian population that revealed an inverse
relationship between higher dietary fiber and the risk of CKD
(11, 40).

A high CQI diet is characterized by a high intake of whole
grains and fiber, a low GI, and a lower intake of simple
carbohydrates, so it may reduce the risk of CKD based on
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its different characteristics. It was previously reported that
higher adherence to a diet with high GI is associated with the
likelihood of having eGFR <60 ml/min/1.73 m? by 55%, but the
higher intake of dietary fiber was related to a 50% lower CKD
risk (41). Also, increased intakes of simple sugar from sugar-
sweetened beverages may increase the risk of CKD incidents
(42, 43).

Dietary fiber is negatively associated with hyperuricemia
and uric acid concentration, which are important risk factors
for the progression of kidney disease (11, 44). Also, there
is an inverse association between dietary fiber and the
homeostasis model assessment-estimated insulin resistance
(HOMA-IR); previous evidence has shown the possible role
of HOMA-IR in increasing the risk for CKD by 70% (45).
Furthermore, dietary fiber can reduce the progression of
kidney disease in susceptible and high-risk individuals by
improving glycemic control, increasing insulin sensitivity,
decreasing oxidative stress, and reducing the GI of the diet
(40, 46, 47). Finally, high intakes of fiber from its rich
resources, including vegetables, whole grains, and legumes,
may reduce the risk of CKD incidents by attenuating
known CKD risk factors, including HTN, obesity, diabetes,
hyperlipidemia, and reducing systemic inflammation (25,
40, 48).

The important strength of the current study should be
noted; this is the first study that examined the association of
dietary protein score and CQI with the risk of CKD using a large
sample size, population-based prospective cohort study. Dietary
data were collected using a valid and reliable FFQ, which reduces
the risk of measurement bias in dietary data.

However, our study had some limitations that need to be
mentioned. As in most epidemiological studies, we measured
serum creatinine once in the study participants to determine
the possibility of CKD incident, while measuring creatinine
three times could have enhanced the accuracy of detecting CKD.
The possibility of measurement error is somewhat unavoidable
despite using the validated FFQ in estimating participants’
dietary intakes. Although we have controlled the possible
confounding effects of several variables in the final analysis
of the current study, residual confounding due to unknown
or unmeasured variables, such as albuminuria/proteinuria and
renal protecting drugs [such as angiotensin-converting enzyme
inhibitors (ACEIs)/angiotensin receptor blockers (ARBs) or use
of SGLT2 inhibitors] cannot be excluded. In conclusion, our
results revealed that greater adherence to a dietary pattern
with a high protein score and high quality of carbohydrates
is characterized by higher intakes of plant proteins, whole
grains, and fibers and lower intakes of animal proteins,
high GI carbohydrates, and simple sugars, may be associated
with reduced risk of CKD incident. Further studies are
recommended in other populations to clarify the possible role
of carbohydrate and protein quality and quantity in predicting
the risk of CKD.

Frontiers in Nutrition

11

10.3389/fnut.2022.1003545

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

Written informed consent was obtained from the
individual(s) for the publication of any potentially identifiable

images or data included in this article.

Author contributions

FT and MV conceptualized and designed the study and
analyzed and interpreted the data. FT, HE and HA drafted the
initial manuscript. HF and MJ contributed to the revision of the
manuscript. MV, PM, and FA supervised the project. All authors
have read and approved the final version of the manuscript.

Acknowledgments

We express appreciation to the participants in the
Tehran Lipid and Glucose Study for their enthusiastic
support and to the staff of the Research Institute for
Endocrine Sciences, Tehran Lipid and Glucose Study Unit,
for their valuable help. We also acknowledge N. Shiva for
critically editing the English grammar and syntax of the
manuscript.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fnut.2022.1003545
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

Teymoori et al.

References

1. Alfano G, Fontana F, Mori G, Magistroni R, Cappelli G. [The definition of
chronic kidney disease in a context of aging population]. G Ital Nefrol. (2020)
37:2020-vol4.

2. Cockwell P, Fisher L-A. The global burden of chronic kidney disease. Lancet.
(2020) 395:662-4.

3. Alvirdizadeh S, Yuzbashian E, Mirmiran P, Eghtesadi S, Azizi F. A prospective
study on total protein, plant protein and animal protein in relation to the risk of
incident chronic kidney disease. BMC Nephrol. (2020) 21:489. doi: 10.1186/s12882-
020-02079-y

4. Levey AS, Coresh J. Chronic kidney disease. Lancet. (2012) 379:165-80. doi:
10.1016/s0140-6736(11)60178-5

5. Cai Q, Dekker LH, Vinke PC, Corpeleijn E, Bakker SJL, de Borst MH, et al. Diet
quality and incident chronic kidney disease in the general population: the lifelines
cohort study. Clin Nutr. (2021) 40:5099-105. doi: 10.1016/j.cInu.2021.07.033

6. He LQ, Wu XH, Huang YQ, Zhang XY, Shu L. Dietary patterns and chronic
kidney disease risk: a systematic review and updated meta-analysis of observational
studies. Nutr J. (2021) 20:4. doi: 10.1186/s12937-020-00661-6

7. Kramer H. Diet and chronic kidney disease. Adv Nutr. (2019) 10:S367-79.
doi: 10.1093/advances/nmz011

8. Blumfield M, Hure A, MacDonald-Wicks L, Smith R, Simpson S,
Raubenheimer D, et al. The association between the macronutrient content of
maternal diet and the adequacy of micronutrients during pregnancy in the women
and their children’s health (watch) study. Nutrients. (2012) 4:1958-76. doi: 10.3390/
nu4121958

9. Huffman FG, Vaccaro JA, Nusrath NS, Zarini GG. The effect of carbohydrate
amount, quality and type on arterial pulse pressure in cuban-americans with and
without type 2 diabetes. ] Nutr Food Sci. (2011) 1:106.

10. Schwingshackl L, Hoffmann G. Comparison of high vs. normal/low protein
diets on renal function in subjects without chronic kidney disease: a systematic
review and meta-analysis. PLoS One. (2014) 9:¢97656. doi: 10.1371/journal.pone.
0097656

11. Yuzbashian E, Asghari G, Mirmiran P, Hosseini FS, Azizi F. Associations
of dietary macronutrients with glomerular filtration rate and kidney dysfunction:
Tehran lipid and glucose study. ] Nephrol. (2015) 28:173-80. doi: 10.1007/s40620-
014-0095-7

12. Moller G, Sluik D, Ritz C, Mikkild V, Raitakari OT, Hutri-Kéhonen N,
et al. A protein diet score, including plant and animal protein, investigating the
association with HbAlc and eGFR—the preview project. Nutrients. (2017) 9:763.
doi: 10.3390/nu9070763

13. Berryman CE, Agarwal S, Lieberman HR, Fulgoni VL III, Pasiakos SM. Diets
higher in animal and plant protein are associated with lower adiposity and do
not impair kidney function in us adults. Am J Clin Nutr. (2016) 104:743-9. doi:
10.3945/ajcn.116.133819

14. Zazpe I, Santiago S, Gea A, Ruiz-Canela M, Carlos S, Bes-Rastrollo M, et al.
Association between a dietary carbohydrate index and cardiovascular disease in
the sun (seguimiento universidad de navarra) project. Nutr Metab Cardiovasc Dis.
(2016) 26:1048-56. doi: 10.1016/j.numecd.2016.07.002

15. Ludwig DS. The glycemic index: physiological mechanisms relating to
obesity, diabetes, and cardiovascular disease. JAMA. (2002) 287:2414-23. doi: 10.
1001/jama.287.18.2414

16. Kim H, Lee H, Kwon SH, Jeon JS, Noh H, Han DC, et al. Relationship between
carbohydrate-to-fat intake ratio and the development of chronic kidney disease:
a community-based prospective cohort study. Clin Nutr. (2021) 40:5346-54. doi:
10.1016/j.cInu.2021.09.001

17. Farhadnejad H, Asghari G, Emamat H, Mirmiran P, Azizi F. Low-
carbohydrate high-protein diet is associated with increased risk of incident chronic
kidney diseases among tehranian adults. J Renal Nutr. (2019) 29:343-9. doi: 10.
1053/}.jrn.2018.10.007

18. Ludwig DS, Hu FB, Tappy L, Brand-Miller J. Dietary carbohydrates: role of
quality and quantity in chronic disease. BMJ. (2018) 361:k2340. doi: 10.1136/bmj.
k2340

19. Roberts CK, Liu S. Carbohydrate intake and obesity: an association that
needs “refining”. ] Am Diet Assoc. (2009) 109:1163-4. doi: 10.1016/j.jada.2009.
04.016

20. Zazpe I, Sanchez-Tainta A, Santiago S, de la Fuente-Arrillaga C, Bes-Rastrollo
M, Martinez JA. Association between dietary carbohydrate intake quality and
micronutrient intake adequacy in a mediterranean cohort: the sun (Seguimiento
Universidad De Navarra) project. Br | Nutr. (2014) 111:2000-9. doi: 10.1017/
s0007114513004364

Frontiers in Nutrition

12

10.3389/fnut.2022.1003545

21. Kim DY, Kim S, Lim H. Association between dietary carbohydrate quality and
the prevalence of obesity and hypertension. ] Hum Nutr Diet. (2018) 31:587-96.

22. Azizi F, Ghanbarian A, Momenan AA, Hadaegh F Mirmiran P, Hedayati
M, et al. Prevention of non-communicable disease in a population in nutrition
transition: Tehran lipid and glucose study phase II. Trials. (2009) 10:5. doi: 10.1186/
1745-6215-10-5

23. Willett W. Implications of total energy intake for epidemiologic analyses.
In: Willett WC editor. Nutritional Epidemiology. 3rd ed. New York, NY: Oxford
University Press (2013). p. 260-86.

24. Esfahani FH, Asghari G, Mirmiran P, Azizi F. Reproducibility and relative
validity of food group intake in a food frequency questionnaire developed for
the tehran lipid and glucose study. J Epidemiol. (2010) 20:150-8. doi: 10.2188/jea.
je20090083

25. Satija A, Hu FB. Cardiovascular benefits of dietary fiber. Curr Atheroscler Rep.
(2012) 14:505-14. doi: 10.1007/s11883-012-0275-7

26. Azar M, Sarkisian E. Food Composition Table of Iran. Tehran: National
Nutrition and Food Research Institute (1980). p. 65.

27. Foster-Powell K, Holt SH, Brand-Miller JC. International table of glycemic
index and glycemic load values: 2002. Am J Clin Nutr. (2002) 76:5-56. doi: 10.1093/
ajcn/76.1.5

28. Taleban F, Esmaeili M. Glycemic Index of Iranian Foods: Guideline for Diabetic
and Hyperlipidemic Patients. Tehran: National Nutrition and Food Technology of
Iran (1999). p. 1-16.

29. Momenan AA, Delshad M, Sarbazi N, Rezaei Ghaleh N, Ghanbarian A, Azizi
F. Reliability and validity of the modifiable activity questionnaire (MAQ) in an
iranian urban adult population. Arch Iran Med. (2012) 15:279-82.

30. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF III, Feldman HI,
etal. A new equation to estimate glomerular filtration rate. Ann Intern Med. (2009)
150:604-12. doi: 10.7326/0003-4819-150-9-200905050-00006

31. Lin J, Hu FB, Curhan GC. Associations of diet with albuminuria and
kidney function decline. Clin ] Am Soc Nephrol. (2010) 5:836-43. doi: 10.2215/cjn.
08001109

32. Mirmiran P, Yuzbashian E, Aghayan M, Mahdavi M, Asghari G, Azizi FA.
Prospective study of dietary meat intake and risk of incident chronic kidney disease.
J Ren Nutr. (2020) 30:111-8. doi: 10.1053/.jrn.2019.06.008

33. Haring B, Selvin E, Liang M, Coresh J, Grams ME, Petruski-Ivleva N,
et al. Dietary protein sources and risk for incident chronic kidney disease: results
from the atherosclerosis risk in communities (ARIC) study. ] Ren Nutr. (2017)
27:233-42. doi: 10.1053/j.jrn.2016.11.004

34. Jenkins DJ, Kendall CW, Vidgen E, Augustin LS, van Erk M, Geelen A, et al.
High-protein diets in hyperlipidemia: effect of wheat gluten on serum lipids, uric
acid, and renal function. Am J Clin Nutr. (2001) 74:57-63. doi: 10.1093/ajcn/74.1.57

35. Anderson JW, Johnstone BM, Cook-Newell ME. Meta-analysis of the effects
of soy protein intake on serum lipids. N Engl ] Med. (1995) 333:276-82.

36. Tovar AR, Murguia F Cruz C, Herndndez-Pando R, Aguilar-Salinas CA,
Pedraza-Chaverri J, et al. A soy protein diet alters hepatic lipid metabolism gene
expression and reduces serum lipids and renal fibrogenic cytokines in rats with
chronic nephrotic syndrome. J Nutr. (2002) 132:2562-9. doi: 10.1093/jn/132.9.2562

37. Elliott P, Stamler J, Dyer AR, Appel L, Dennis B, Kesteloot H, et al. Association
between protein intake and blood pressure: the intermap study. Arch Intern Med.
(2006) 166:79-87. doi: 10.1001/archinte.166.1.79

38. Mirmiran P, Yuzbashian E, Bahadoran Z, Asghari G, Azizi F. Dietary acid-
base load and risk of chronic kidney disease in adults: Tehran lipid and glucose
study. Iran J Kidney Dis. (2016) 10:119-25.

39. Mirmiran P, Yuzbashian E, Rahbarinejad P, Asghari G. Dietary intakes of total
polyphenol and its subclasses in association with the incidence of chronic kidney
diseases: a prospective population-based cohort study. BMC Nephrol. (2021) 22:84.
doi: 10.1186/s12882-021-02286-1

40. Mirmiran P, Yuzbashian E, Asghari G, Sarverzadeh S, Azizi F. Dietary fibre
intake in relation to the risk of incident chronic kidney disease. Br J Nutr. (2018)
119:479-85. doi: 10.1017/S0007114517003671

41. Gopinath B, Harris DC, Flood VM, Burlutsky G, Brand-Miller J, Mitchell P.
Carbohydrate nutrition is associated with the 5-year incidence of chronic kidney
disease. J Nutr. (2011) 141:433-9. doi: 10.3945/jn.110.134304

42. Yuzbashian E, Asghari G, Mirmiran P, Zadeh-Vakili A, Azizi F. Sugar-
sweetened beverage consumption and risk of incident chronic kidney disease:
Tehran lipid and glucose study. Nephrology. (2016) 21:608-16. doi: 10.1111/nep.
12646

frontiersin.org


https://doi.org/10.3389/fnut.2022.1003545
https://doi.org/10.1186/s12882-020-02079-y
https://doi.org/10.1186/s12882-020-02079-y
https://doi.org/10.1016/s0140-6736(11)60178-5
https://doi.org/10.1016/s0140-6736(11)60178-5
https://doi.org/10.1016/j.clnu.2021.07.033
https://doi.org/10.1186/s12937-020-00661-6
https://doi.org/10.1093/advances/nmz011
https://doi.org/10.3390/nu4121958
https://doi.org/10.3390/nu4121958
https://doi.org/10.1371/journal.pone.0097656
https://doi.org/10.1371/journal.pone.0097656
https://doi.org/10.1007/s40620-014-0095-7
https://doi.org/10.1007/s40620-014-0095-7
https://doi.org/10.3390/nu9070763
https://doi.org/10.3945/ajcn.116.133819
https://doi.org/10.3945/ajcn.116.133819
https://doi.org/10.1016/j.numecd.2016.07.002
https://doi.org/10.1001/jama.287.18.2414
https://doi.org/10.1001/jama.287.18.2414
https://doi.org/10.1016/j.clnu.2021.09.001
https://doi.org/10.1016/j.clnu.2021.09.001
https://doi.org/10.1053/j.jrn.2018.10.007
https://doi.org/10.1053/j.jrn.2018.10.007
https://doi.org/10.1136/bmj.k2340
https://doi.org/10.1136/bmj.k2340
https://doi.org/10.1016/j.jada.2009.04.016
https://doi.org/10.1016/j.jada.2009.04.016
https://doi.org/10.1017/s0007114513004364
https://doi.org/10.1017/s0007114513004364
https://doi.org/10.1186/1745-6215-10-5
https://doi.org/10.1186/1745-6215-10-5
https://doi.org/10.2188/jea.je20090083
https://doi.org/10.2188/jea.je20090083
https://doi.org/10.1007/s11883-012-0275-7
https://doi.org/10.1093/ajcn/76.1.5
https://doi.org/10.1093/ajcn/76.1.5
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://doi.org/10.2215/cjn.08001109
https://doi.org/10.2215/cjn.08001109
https://doi.org/10.1053/j.jrn.2019.06.008
https://doi.org/10.1053/j.jrn.2016.11.004
https://doi.org/10.1093/ajcn/74.1.57
https://doi.org/10.1093/jn/132.9.2562
https://doi.org/10.1001/archinte.166.1.79
https://doi.org/10.1186/s12882-021-02286-1
https://doi.org/10.1017/S0007114517003671
https://doi.org/10.3945/jn.110.134304
https://doi.org/10.1111/nep.12646
https://doi.org/10.1111/nep.12646
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

Teymoori et al.

43. Rebholz CM, Young BA, Katz R, Tucker KL, Carithers TC, Norwood AF, et al.
Patterns of beverages consumed and risk of incident kidney disease. Clin ] Am Soc
Nephrol. (2019) 14:49-56. doi: 10.2215/cjn.06380518

44. Nashar K, Fried LF. Hyperuricemia and the progression of chronic
kidney disease: is uric acid a marker or an independent risk factor?.
Adv  Chronic Kidney Dis. (2012) 19:386-91. doi: 10.1053/j.ackd.2012.
05.004

45.Chen S, Chen Y, Liu X, Li M, Wu B, Li Y, et al. Association of
insulin resistance with chronic kidney disease in non-diabetic subjects with
normal weight. PLoS One. (2013) 8:¢74058. doi: 10.1371/journal.pone.007
4058

Frontiers in Nutrition

13

10.3389/fnut.2022.1003545

46. Chandalia M, Garg A, Lutjohann D, von Bergmann K, Grundy SM, Brinkley
LJ. Beneficial effects of high dietary fiber intake in patients with type 2 diabetes
mellitus. N Engl ] Med. (2000) 342:1392-8. doi: 10.1056/nejm200005113421903

47. Krishnamurthy VM, Wei G, Baird BC, Murtaugh M, Chonchol MB, Raphael
KL, et al. High dietary fiber intake is associated with decreased inflammation and
all-cause mortality in patients with chronic kidney disease. Kidney Int. (2012)
81:300-6. doi: 10.1038/ki.2011.355

48. Ma Y, Hébert JR, Li W, Bertone-Johnson ER, Olendzki B, Pagoto SL, et al.
Association between dietary fiber and markers of systemic inflammation in the
women’s health initiative observational study. Nutrition. (2008) 24:941-9. doi: 10.
1016/j.nut.2008.04.005

frontiersin.org


https://doi.org/10.3389/fnut.2022.1003545
https://doi.org/10.2215/cjn.06380518
https://doi.org/10.1053/j.ackd.2012.05.004
https://doi.org/10.1053/j.ackd.2012.05.004
https://doi.org/10.1371/journal.pone.0074058
https://doi.org/10.1371/journal.pone.0074058
https://doi.org/10.1056/nejm200005113421903
https://doi.org/10.1038/ki.2011.355
https://doi.org/10.1016/j.nut.2008.04.005
https://doi.org/10.1016/j.nut.2008.04.005
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

	Dietary protein score and carbohydrate quality index with the risk of chronic kidney disease: Findings from a prospective cohort study
	Introduction
	Materials and methods
	Study population
	Ethical statement
	Demographic and anthropometric assessments
	Biochemical and clinical measurements
	Dietary assessment
	Exposure definition
	Carbohydrate quality index
	Protein score

	Physical activity assessment
	Outcome definition
	Statistical analyses

	Results
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


