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consumption of flavonol and its
subclasses and chronic kidney
disease in US adults: an analysis
based on National Health and
Nutrition Examination Survey
data from 2007-2008,
2009-2010, and 2017-2018
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Third Affiliated Hospital of Sun Yat-sen University, Guangzhou, China

Background: There is little research on the relationship between flavonol
consumption and chronic kidney disease (CKD). This study aimed to examine
the link between flavonol consumption and the risk of CKD among US adults,
using data from the 2007-2008, 2009-2010 and 2017-2018 National Health
and Nutrition Examination Survey (NHANES).

Methods: A cross-sectional approach was used, drawing on data from three
NHANES cycles. The flavonol consumption of the participants in this study
was assessed using a 48 h dietary recall interview. CKD was diagnosed based
on an estimated glomerular filtration rate below 60 mL/min/1.73m? or a urine
albumin-to-creatinine ratio of 30 mg/g or higher.

Results: Compared to the lowest quartile of flavonol intake (Q1), the odds ratios
for CKD were 0.598 (95% CI: 0.349, 1.023) for the second quartile (Q2), 0.679
(95% CI: 0.404, 1.142) for the third quartile (Q3), and 0.628 (95% CI: 0.395, 0.998)
for the fourth quartile (Q4), with a p value for trend significance of 0.190. In
addition, there was a significant trend in CKD risk with isorhamnetin intake, with
the odds ratios for CKD decreasing to 0.860 (95% Cl: 0.546, 1.354) in the second
quartile, 0.778 (95% CI: 0.515, 1.177) in the third quartile, and 0.637 (95% CI:
0.515, 1.177) in the fourth quartile (p for trend = 0.013).

Conclusion: Our analysis of the NHANES data spanning 2007-2008, 2009-
2010, and 2017-2018 suggests that high consumption of dietary flavonol,
especially isorhamnetin, might be linked to a lower risk of CKD in US adults.
These findings offer new avenues for exploring strategies for managing CKD.
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flavonol, isorhamnetin, chronic kidney disease, NHANES, estimated glomerular
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Introduction

Chronic kidney disease (CKD) is a major concern for public
health globally, which demands immediate and widespread attention
worldwide. Data sourced from the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) indicate that around 700
million people worldwide are impacted by CKD, and this number
exhibits a consistent upward trend (1). Similarly, the United States
(US) is facing this health challenge. Data from the US Centers for
Disease Control and Prevention show that about 37 million people in
the US, or roughly 15% of its total population, are dealing with CKD
(2). The treatment modalities for CKD primarily include lifestyle
modifications and the implementation of a low-salt, low-protein diet,
along with the management of proteinuria, blood pressure, blood
glucose, uric acid, and lipid levels (3-5). Despite these measures, the
therapeutic options available for CKD remain somewhat limited.

Flavonol is a polyphenolic compound widely found in tea, berries,
and onions, and belongs to the class of flavonoids. These compounds
display a diverse range of biological activities including antioxidant,
anti-inflammatory, antifibrotic, and immunomodulatory, all of which
appear to contribute to improved health outcomes (6-9). Evidence
suggests that high flavonol consumption may confer benefits to
diseases (10, 11),
neurodegenerative disorders (12, 13), diabetes (14), hyperlipidemia

patients suffering from cardiovascular
(15), metabolic syndrome (16, 17), and those in a debilitating state
(18). Preliminary research indicates that flavanol and its subclasses
can protect the kidneys through various mechanisms (19-23).
Although clinical evidence regarding the renal benefits of flavanol is
still limited, some clinical studies have indicated that flavonol may
enhance endothelial function in populations with end-stage renal
disease, diabetes, and even in healthy individuals (24-26). As the
pathogenesis of CKD is partly associated with endothelial damage, it
is plausible that flavonol may provide renal benefits to CKD patients
(27). Current research also reveals that the consumption of foods rich
in flavonoids is associated with a lower incidence of diabetic
nephropathy (28). Therefore, increasing flavonol intake may
potentially benefit individuals with CKD. However, clinical evidence
directly linking flavonol consumption to reduced CKD incidence is
limited. Thus, the potential health benefits of flavonol intake for CKD
patients warrant further investigation to establish a more definitive
understanding of this relationship.

Based on the aforementioned findings, we hypothesize that high
intake of flavonol may be associated with a lower risk of CKD. In this
study, we examined this association by analyzing cross-sectional data
from the National Health and Nutrition Examination Survey
(NHANES) database. Recognizing the potential for variability in the
biological activities of different flavonol types, our study also examined
the relationship between the incidence of CKD and four flavonol
subclasses, namely isorhamnetin,

kaempferol, myricetin,

and quercetin.

Methods
Study design and study population

The NHANES database is a publicly available compendium,
comprising participant data collected biennially through a multistage,
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stratified sampling method. This compendium encompasses a diverse
range of data categories, including demographic profiles, questionnaire
responses, dietary intakes, physical examinations, and laboratory
evaluations. Using specific weighting protocols, researchers can adjust
these data to make the resultant dataset representative of the broader
US population (29).

This study used a cross-sectional design approach, incorporating
data from three distinct phases of the ongoing NHANES, specifically
the cycles spanning 2007-2008, 2009-2010, and 2017-2018. After
performing the data weighting procedures, the subset extracted for
further analytical examination included individuals aged 20 years or
older, with available data on estimated glomerular filtration rate
(eGFR) and proteinuria, as well as on the intake of flavonol and
its subclasses.

Consumption of flavonol and its subclasses

The determination of daily nutrient intake from food sources was
achieved through a complex methodology (16, 17, 30). Briefly, this
segment of data collection was organized under the auspices of the US
Department of Agriculture (USDA). To ensure precise acquisition of
dietary intake data, trained interviewers used the USDA-developed
Automated Multiple-Pass Method (AMPM). This methodology
encompasses a comprehensive set of standardized queries tailored for
specific food items, along with a wide array of potential response
options. The process involved an initial 24 h dietary recall (Day 1),
conducted face-to-face at the NHANES Mobile Examination Center,
followed by a secondary recall (Day 2) completed by phone between
3 to 10days later. The AMPM has been extensively validated in
research studies and demonstrated to be an effective approach for
measuring group energy intake and adult sodium intake (31, 32). The
flavonol intake was calculated by multiplying the flavonol content in
each food item by the consumption frequency obtained from the food
frequency questionnaire. To accurately match foods containing
flavonol and determine their flavonol content, food codes from the
Food and Nutrient Database for Dietary Studies (FNDDS) were used.
Specifically, the NHANES 2007-2008 dataset used FNDDS version 4.1
food codes, whereas the NHANES 2009-2010 and 2017-2018 datasets
used FNDDS version 5.0 food codes (16, 17, 30). In this study, the
aggregate flavonol intake during Day 1 and Day 2 was use as a metric
to measure the flavonol consumption of each participant. Additionally,
the flavonol compounds included: isorhamnetin, kaempferol,
myricetin, and quercetin.

Study outcomes

A solid-phase fluorescence immunoassay was performed to
determine the levels of urinary albumin in human samples (33). The
Jaffe rate method was used to measure the concentrations of creatinine
in both serum and urine (34). The eGFR was calculated using the 2012
CKD-EPI equation with every serum creatinine measurement (35).
The primary endpoint of this study was CKD, defined as an eGFR of
less than 60 mL/min/1.73 m* and/or a urine albumin-to-creatinine
ratio (UACR) exceeding 30 mg/g (3, 4). The secondary endpoints were
separately identified as proteinuria (UACR exceeding 30 mg/g) and a
decline in eGFR (eGFR less than 60 mL/min/1.73 m?).
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Covariates

This study considered multiple demographic covariates, including
age, sex (male, female), race/ethnicity (non-Hispanic white,
non-Hispanic black, Mexican American, and others), education level
(high school or above, middle school or below), and economic status.
Economic status was measured by the poverty income ratio (PIR),
with a PIR less than 1 indicating poverty and PIR equal to or greater
than 1 indicating non-poverty (36). Physical examinations included
height, weight, body mass index (BMI), diastolic blood pressure
(DBP), and systolic blood pressure (SBP). The BMI was calculated as
weight in kilograms divided by height in meters squared, with a BMI
of 25kg/m” or greater defined as overweight or obese. Blood pressure
was measured by trained staff, typically as an average of three readings.
Personal habits included smoking history and physical activity.
Smoking status includes never, former, and current smokers. “Never”
is defined as having smoked fewer than 100 cigarettes in their lifetime.
“Former” refers to individuals who have smoked at least 100 cigarettes
in their lifetime but do not smoke at all currently. “Current” indicates
individuals who have smoked at least 100 cigarettes in their lifetime
and continue to smoke either on some days or every day. The physical
activity was assessed in metabolic equivalent of task (MET) minutes
per week and categorized into two groups based on whether it
exceeded 600 MET minutes per week (37). Energy intake was the sum
of calories consumed over the 2 days. Laboratory tests included total
cholesterol, fasting lipids, fasting glucose, uric acid, and hemoglobin.
The accuracy of the methods used to detect these substances was
ensured by strict quality control procedures. Among the assessed
complications were: hyperuricemia, defined as uric acid levels
exceeding 360pmol/L in women or 420pmol/L in men (38);
dyslipidemia, characterized by any of the following: triglyceride over
150 mg/dL, total cholesterol over 200 mg/dL, low-density lipoprotein
above 130 mg/dL, high-density lipoprotein below 40 mg/dL for men
or 50mg/dL for women, or the use of lipid-lowering drugs (39);
diabetes, diagnosed by one or more of the following criteria: glycated
hemoglobin greater than 6.5%, fasting glucose above 7.0 mmol/L,
random glucose over 11.1 mmol/L, postprandial glucose exceeding
11.1 mmol/L after 2hours, use of hypoglycemic medications, or a
clinical diagnosis (40); hypertension, defined by a systolic blood
pressure higher than 140 mmHg or diastolic blood pressure over
90mmHg, the use of antihypertensive drugs, or a clinical
diagnosis (41).

Statistical analyses

The data from the NHANES database were collected using a
complex, multilevel stratified sampling method. Thus, to ensure that
the analysis reflects the broader demographics of the US, all collected
data were subjected to a weighting procedure prior to analysis.
Continuous variables are expressed as mean values with 95%
confidence intervals (Cls), and categorical variables are expressed as
percentages with their 95% Cls in Table 1. Statistical differences
between CKD and non-CKD groups were evaluated using the
rank-sum test for continuous variables and the chi-square test for
categorical variables in Table 1. Based on the differences between the
CKD and non-CKD populations, as well as clinical experience,
we selected the appropriate variables to serve as calibration variables
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for subsequent analyses, which are specifically presented in the results
section. The consumption of flavonol was divided into four distinct
groups, each representing a quartile, namely the first quartile (Q1), the
second quartile (Q2), the third quartile (Q3), and the fourth quartile
(Q4). This study investigated the correlation between flavonol intake
and CKD risk using a weighted multivariable logistic regression
model, with an emphasis on trend analysis. The results were presented
in Tables 2, 3. The dose-response relationship between flavonol
consumption and CKD risk was analyzed using restricted cubic
splines (RCS), as shown in Figure 1. In subgroup analyses, the
association between flavonol intake and CKD risk was examined
across various subgroups, complemented by interaction tests. The
results were presented in Table 4. The relationships between specific
flavonol compounds (isorhamnetin, kaempferol, myricetin, and
quercetin) and CKD risk were analyzed using a weighted multivariable
logistic regression method. The results were presented in Table 5.
Statistical significance was assessed using a two-tailed p-value
threshold of less than 0.05. All statistical evaluations were performed
using the R software version 4.3.0 (R Development Core Team,
University of Auckland, Auckland City, NZ).

Results
Characteristics of the population

Post-weighting, the data in this study represented 213,259,068
American adults aged 20years and above, with 30,889,883 (14.5%)
diagnosed with CKD. As shown in Table 1, there were significant
statistical differences between the CKD and non-CKD populations in
terms of age, sex, race, blood pressure (both systolic and diastolic),
anthropometric measures (height, weight, BMI), lifestyle factors
(physical activity status, smoking status, energy intake), renal function
markers (eGFR, uACR), lipid profile (fasting triglycerides, total
cholesterol), uric acid, fasting glucose, hemoglobin, and prevalence of
hyperuricemia, dyslipidemia, hypertension, and diabetes. Additionally,
dietary intake of isorhamnetin and kaempferol differed significantly
between the groups. Compared to the non-CKD group, the CKD
group was older, had a higher proportion of females, higher systolic
blood pressure, lower diastolic blood pressure, shorter stature, higher
weight, higher BMI, a higher proportion of overweight and obese
individuals, a higher proportion of individuals engaging in less than
600 MET min/week of physical activity, lower energy intake, lower
eGFR, higher uACR, elevated levels of fasting triglycerides, cholesterol,
uric acid and blood glucose, lower hemoglobin, and increased
diabetes,
hyperuricemia, along with lower daily intake of isorhamnetin

prevalence of hypertension, dyslipidemia, and

and kaempferol.

Association between flavonol consumption
and CKD

As shown in Table 2, after multivariate adjustment for age, sex, BMI,
ethnicity, smoking status, physical activity status, systolic blood pressure,
diastolic blood pressure, uric acid, fasting glucose, cholesterol, fasting
triglyceride, hyperuricemia, dyslipidemia, hypertension, and diabetes
mellitus, the odds ratios (ORs) for CKD risk in the Q2, Q3, and Q4
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TABLE 1 Characteristics of CKD and non-CKD in the US population.

10.3389/fnut.2024.1399251

Characteristics Non-CKD group CKD group
Demography
Age (years) 45.2 (44.6, 45.8) 60.9 (59.9,62.0) <0.001
Age group <0.001
20~59 79.70 (78.25, 81.15) 39.79 (36.88, 42.70)
60~ 20.30 (18.85, 21.75) 60.21 (57.30, 63.12)
Sex 0.002
Female 51.96 (50.78, 53.15) 57.00 (54.03, 59.97)
Male 48.04 (46.85, 49.22) 43.00 (40.03, 45.97)
Ethnicity <0.001
White 67.10 (63.34, 70.86) 70.14 (66.16, 74.12)
Black 10.60 (8.83, 12.37) 12.34 (10.08, 14.61)
Mexican 8.88 (6.82,10.94) 7.55 (5.82,9.29)
Others 13.42 (11.47, 15.38) 9.97 (7.69, 12.25)
Education 0.486
High school or above 55.17 (52.87, 57.47) 56.28 (53.19, 59.38)
Others 44.83 (42.53, 47.13) 43.72 (40.62, 46.81)
Poverty income ratio 0.834
No 86.36 (85.02, 87.69) 86.18 (84.26, 88.10)
Yes 13.64 (12.31, 14.98) 13.82 (11.90, 15.74)
Physical examination and personal history
SBP (mmHg) 119.9 (119.3, 120.4) 131.2 (129.6, 132.8) <0.001
DBP (mmHg) 71.2(70.5,71.9) 69.5 (68.6, 70.5) <0.001
Height (cm) 168.9 (168.6, 169.2) 165.9 (165.3, 166.5) <0.001
Weight (kg) 82.8 (82.1, 83.5) 85.0 (83.3, 86.6) 0.017
BMI (kg/m?) 28.9(28.7,29.2) 30.7 (30.1, 31.2) <0.001
Energy intake (kcal) 4,352 (4,188, 4,416) 3,806 (3,694, 3,920) <0.001
Overweight and obesity <0.001
No 29.69 (27.95, 31.43) 22.74 (20.28, 25.19)
Yes 70.31 (68.57, 72.05) 77.26 (74.81,79.72)
Physical activity status <0.001
<600 MET min/week 15.50 (14.08, 16.92) 23.68 (20.48, 26.87)
>600 MET min/week 84.50 (83.08, 85.92) 76.32(73.13,79.52)
Smoke <0.001
Former 23.53 (22.06, 25.00) 33.73 (31.11, 36.35)
Never 56.73 (54.53, 58.93) 50.69 (47.36, 54.02)
Current 19.74 (18.31,21.17) 15.58 (13.22, 17.95)
Laboratory tests
eGFR (mL/min/1.73 m?) 98.1(97.2,99.0) 72.3(70.5, 74.0) <0.001
uACR (mg/g) 7.49 (7.29,7.69) 191.33 (154.68, 227.99) <0.001
Fasting triglyceride (mg/dL) 123 (119, 128) 150 (138, 162) <0.001
Cholesterol (mmol/L) 8.57 (8.54, 8.61) 8.87 (8.79, 8.96) <0.001
Uric acid (pmol/L) 318 (315, 321) 357 (351, 363) <0.001
Fasting glucose (mg/dL) 104 (103, 106) 125 (121, 129) <0.001
Hemoglobin (g/dL) 14.3 (14.2,14.4) 13.9 (13.8, 14.0) <0.001

Frontiers in Nutrition

04

(Continued)

frontiersin.org


https://doi.org/10.3389/fnut.2024.1399251
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Liuetal. 10.3389/fnut.2024.1399251

TABLE 1 (Continued)

Characteristics Non-CKD group CKD group
Complications
Hyperuricemia <0.001
No 84.39 (83.29, 85.49) 65.25 (62.82, 67.68)
Yes 15.61 (14.51, 16.71) 34.75 (32.32, 37.18)
Dyslipidemia <0.001
No 30.18 (28.33, 32.03) 17.48 (15.17,19.79)
Yes 69.82 (67.97, 71.67) 82.52 (80.21, 84.83)
Hypertension <0.001
No 68.22 (66.42, 70.02) 31.69 (28.51, 34.88)
Yes 31.78 (29.98, 33.58) 68.31 (65.12, 71.49)
Diabetes <0.001
No 89.47 (88.68, 90.26) 63.74 (60.97, 66.50)
Yes 10.53 (9.74, 11.32) 36.26 (33.50, 39.03)
Flavonol and subclasses
Flavonol (mg) 37.72 (36.37, 39.08) 34.78 (31.43, 38.12) 0.096
Isorhamnetin (mg) 1.77 (1.69, 1.85) 1.50 (1.38, 1.61) <0.001
Kaempferol (mg) 9.62(9.21, 10.04) 8.31(7.38,9.24) 0.011
Myricetin (mg) 3.13(2.97, 3.29) 3.14 (2.53,3.75) 0.976
Quercetin (mg) 23.20 (22.37, 24.02) 21.83 (19.96, 23.70) 0.168

Data are expressed as the mean for continuous variables or proportions for categorical variables with adjusted 95% confidence interval; CKD, chronic kidney disease; BMI, body mass index;

SBP, systolic blood pressure; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; uACR, urinary albumin-to-creatinine ratio; MET, metabolic equivalent of task.

TABLE 2 Association between dietary flavonol intake and CKD in the US population.

Total flavonols (mg per

48 h)

Q1 [0,9.47]

OR (95%Cl)

p value for trend

Model 1

Ref

Model 2

Ref

Model 3

Ref

0.190

Q2 (9.47, 18.49]

0.753 (0.599, 0.947)

0.684 (0.541, 0.866)

0.598 (0.349, 1.023)

Q3 (18.49, 34.66)

0.738 (0.589, 0.923)

0.668 (0.538, 0.831)

0.679 (0.404, 1.142)

Q4 (34.66, 697.46]

0.622 (0.508, 0.761)

0.554 (0.458, 0.670)

0.628 (0.395, 0.998)

OR, odds ratio; CI, confidence interval; CKD, chronic kidney disease; Q1, quartile 1; Q2, quartile 2; Q3, quartile 3; Q4, quartile 4.

Model 1 did not include any covariate. Model 2 was adjusted for age and sex. Model 3 was adjusted for age, sex, body mass index, ethnicity, smoke status, physical activity status, systolic blood
pressure, diastolic blood pressure, energy intake, uric acid, fasting glucose, cholesterol, fasting triglyceride, hyperuricemia, dyslipidemia, hypertension, and diabetes mellitus.

TABLE 3 Association between dietary flavonol intake and decreased eGFR/increased uACR in the US population.

Outcomes Total flavonol = OR (95%Cl) p value for
(mg per 48h) 11 10, 9.471 Q2 (947, Q3 (18.49, Q4 (34.66, trend
18.49] 34.66] 697.46]
Decreased eGFR ref 0479 (0.179,1.287) | 0.372(0.151,0915) | 0.665 (0.326, 1.358) 0.703
Elevating uACR ref 0.589 (0.334, 1.041) | 0.747 (0.417,1.341) | 0.520 (0.301, 0.898) 0.060

OR, odds ratio; CI, confidence interval; eGFR, estimated glomerular filtration rate; uACR, urinary albumin-to-creatinine ratio; Q1, quartile 1; Q2, quartile 2; Q3, quartile 3; Q4, quartile 4.
Model was adjusted for age, sex, body mass index, ethnicity, smoke status, physical activity status, systolic blood pressure, diastolic blood pressure, energy intake, uric acid, fasting glucose,
cholesterol, fasting triglyceride, hyperuricemia, dyslipidemia, hypertension, and diabetes mellitus.

quartiles of flavonol consumption were 0.598 (95% CI: 0.349, 1.023),
0.679 (95% CI: 0.404, 1.142), and 0.628 (95% CI: 0.395, 0.998),
respectively, compared to the Q1 quartile. The p value for trend
significance was 0.190. As shown in Table 3, after multivariate adjustment,
compared to the Q1 quartile, the odds of a decline in eGFR in the Q2, Q3,
and Q4 quartiles were 0.479 (95% CI: 0.179, 1.287), 0.372 (95% CI: 0.151,

0.915), and 0.665 (95% CI: 0.326, 1.358), respectively, with a p value for
trend of 0.703. Furthermore, after multivariate adjustment, compared to
quartile Q1, the odds of proteinuria risk in quartiles Q2, Q3, and Q4 were
0.589 (95% CI: 0.334, 1.041), 0.747 (95% CI: 0.417, 1.341), and 0.520 (95%
CI: 0.301, 0.898), respectively, with a p value for trend significance of
0.060. As shown in Figure 1, RCS analysis revealed that flavonol
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FIGURE 1

The non-linear trend between the intake of flavonol and CKD risk, proteinuria and decreased eGFR using a restricted cubic spline. Data are presented
as OR (95%Cl) (y-axis) and level of flavonol (mg per 48 h) after adjusted for age, sex, body mass index, ethnicity, smoke status, physical activity status,
systolic blood pressure, diastolic blood pressure, energy intake, uric acid, fasting glucose, cholesterol, fasting triglyceride, hyperuricemia, dyslipidemia,
hypertension, and diabetes mellitus. OR, odds ratio; Cl, confidence interval; eGFR, estimated glomerular filtration; CKD, chronic kidney disease.

consumption was non-linearly associated with proteinuria risk and eGFR
decline, all with p values below 0.05.

Sensitivity analysis by potential modifiers

The results of our investigation of the relationship between the
intake of flavonol from dietary products and the risk of CKD are
shown in Table 4. This analysis was divided across different groups,
distinguished by factors such as sex, age, racial background, BMI,
smoking status, and the presence of conditions like hypertension,
diabetes, dyslipidemia, and hyperuricemia. After adjusting for
multiple variables, the ORs for CKD incidence in the highest quartile
(Q4) compared to the lowest (Q1) were as follows, with 95%
confidence intervals (CIs): 0.313 (0.120, 0.815) for Black individuals,
0.338 (0.128, 0.894) for Mexican Americans, 0.562 (0.337,0.937) for

Frontiers in Nutrition

dyslipidemia, 0.472 (0.252, 0.885) for hypertension, and 0.297
(0.115,0.771) for those with hyperuricemia. Trend tests for these
subgroups mostly showed p-values above 0.05, except for Mexican
Americans (p =0.005) and those with hyperuricemia (p =0.037). The
interaction analysis indicated that for all subgroups, with the exception
of the age subgroup, the p-values for the interaction tests exceeded 0.05.

Relationship between intakes of four
flavonol subclasses and CKD

The dose-response associations of consumption of isorhamnetin,
kaempferol, myricetin, and quercetin with CKD are depicted individually
in Figure 2, and the association between flavonol intake and CKD in US
adults, adjusted for various factors are shown in Table 5. Notably,
isorhamnetin intake showed a significant trend, with a reduction in CKD
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TABLE 4 Examination of the relationship between flavonol intake and CKD in the US population: a stratified analysis by potential modifiers.

Subgroup category Q1 p value for trend p value for interaction
OR (95%Cl)

Sex 0.413
Female ref 0.581 (0.349, 0.970) 0.530 (0.307, 0.914) 0.606 (0.360, 1.020) 0.173
Male ref 0.736 (0.327, 1.656) 1.000 (0.481, 2.081) 0.780 (0.408, 1.491) 0.688

Age, years old 0.002
20-59 ref 0.474 (0.207, 1.085) 0.328 (0.150, 0.720) 0.687 (0.366, 1.289) 0.895
60~ ref 0.685 (0.370, 1.269) 1.105 (0.641, 1.906) 0.630 (0.306, 1.296) 0.345

Ethnicity 0.377
Black ref 0.313 (0.097, 1.012) 0.357 (0.133, 0.958) 0.325(0.115, 0.913) 0.062
White ref 0.652 (0.338, 1.258) 0.753 (0.391, 1.451) 0.702 (0.386, 1.274) 0.496
Mexican ref 0.402 (0.122, 1.328) 0.320 (0.118, 0.870) 0.134 (0.038, 0.475) 0.003
Others ref 1.353 (0.389, 4.712) 1.297 (0.386, 4.356) 1.572 (0.470, 5.253) 0.529

BMI, kg/m?* 0.500
>25 ref 0.683 (0.339, 1.375) 0.696 (0.342, 1.415) 0.662 (0.375, 1.168) 0.251
<25 ref 0.516 (0.175, 1.522) 0.804 (0.314, 2.058) 0.642 (0.237, 1.735) 0.591

Smoke status 0.849
Never ref 0.615 (0.328, 1.154) 0.556 (0.308, 1.005) 0.586 (0.311, 1.105) 0.253
Former ref 0.495 (0.197, 1.245) 0.675 (0.254, 1.790) 0.622 (0.286, 1.355) 0.544
Current ref 0.888 (0.272, 2.903) 1.384 (0.558, 3.431) 0.713 (0.254, 2.003) 0.540

Dyslipidemia 0.150
Yes ref 0.418 (0.220, 0.795) 0.636 (0.336, 1.204) 0.562 (0.337, 0.937) 0.349
No ref 2.175 (0.472, 10.033) 0.896 (0.215, 3.741) 1.128 (0.267, 4.772) 0.522

Hypertension 0.403
Yes ref 0.472 (0.210, 1.057) 0.456 (0.199, 1.047) 0.516 (0.261, 1.018) 0.211
No ref 0.749 (0.378, 1.482) 1.008 (0.447, 2.273) 0.781 (0.358, 1.703) 0.699

Diabetes mellitus 0.659
Yes ref 0.475 (0.175, 1.290) 0.426 (0.158, 1.147) 0.582 (0.257, 1.316) 0.513
No ref 0.605 (0.318, 1.151) 0.730 (0.429, 1.242) 0.615 (0.366, 1.032) 0.146

Hyperuricemia 0.872
Yes ref 0.274 (0.069, 1.084) 0.351 (0.113, 1.086) 0.297 (0.115, 0.771) 0.037
No ref 0.734 (0.422, 1.276) 0.839 (0.493, 1.429) 0.767 (0.452, 1.302) 0.577

OR, odds ratio; CI, confidence interval; BMI, body mass index; Q1, quartile 1; Q2, quartile 2; Q3, quartile 3; Q4, quartile 4.

The model was adjusted, if not stratified, for age, sex, body mass index, ethnicity, smoke status, physical activity status, systolic blood pressure, diastolic blood pressure, energy intake, uric acid, fasting glucose, cholesterol, fasting triglyceride, hyperuricemia,

dyslipidemia, hypertension, and diabetes mellitus.
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TABLE 5 Relationship between the intakes of four flavonol subclasses and chronic kidney disease in US adults.

Flavonol subclasses Q2 Q3 p value for
(mg) Adjusted OR (95%ClI) rend
Isorhamnetin [0, 0.05] (0.05,0.30] (0.30, 0.80] (0.80, 75.16) 0.013

ref 0.860 (0.546,1.354) 0.778 (0515, 1.177) 0.637 (0.430, 0.943)
Kaempferol [0, 0.52] (0.52,1.48] (1.48,3.82] (3.82,152.89] 0.529

ref 0.840 (0.508, 1.390) 1.030 (0.662, 1.605) 0.817 (0.501, 1.332)
Myricetin [0, 0.14] (0.14,0.38] (0.38,1.14] (1.14,44.75] 0.266

ref 0.527 (0.300, 0.924) 0.731 (0.408, 1.310) 0.585 (0.315, 1.088)
Quercetin (0,3.22] (3.22,6.30] (6.30,11.38] (11.38,202.75] 0.483

ref 0.632 (0.401, 0.996) 0.798 (0.490, 1.300) 0.736 (0.482, 1.121)

OR, odds ratio; CI, confidence interval; Q1, quartile 1; Q2, quartile 2; Q3, quartile 3; Q4, quartile 4.
All models were adjusted for age, sex, body mass index, ethnicity, smoke status, physical activity status, systolic blood pressure, diastolic blood pressure, energy intake, uric acid, fasting
glucose, cholesterol, fasting triglyceride, hyperuricemia, dyslipidemia, hypertension, and diabetes mellitus.

risk (OR: 0.860 [0.546, 1.343] in Q2, OR: 0.778 [0.515, 1.177] in Q3 and
0.637 [0.430, 0.943] in Q4; p =0.013). Kaempferol, myricetin, and
querectindid not show significant trends of CKD risk.

Discussion

Our analysis of the NHANES data from 2007-2010 and 2017-
2018 indicates that high consumption of dietary flavonol, especially
isorhamnetin, may be associated with a reduced risk of CKD among
US adults. This correlation appears to differ among various
demographic subgroups and is affected by variables such as age and
ethnicity. All models were adjusted for various potential confounding
factors, thereby strengthening the reliability of our results.

Existing studies have suggested a potential for the use of flavonols to
improve endothelial function, not only in patients with end-stage renal
disease and diabetes but also in healthy individuals (11, 25, 26).
Considering that endothelial damage plays a role in the development of
CKD, it is conceivable that flavonol intake may have protective effects on
the kidneys of individuals with CKD (27). This hypothesis is supported
by the anti-inflammatory and antioxidant properties of flavonols, which
can mitigate the oxidative stress and inflammation associated with CKD
progression (19-23). However, a study by Dower et al. did not observe
any improvement in endothelial function by quercetin, a type of flavonol
(42). On the other hand, a study examining the correlation between
diabetic nephropathy and flavonol intake suggested that high flavonoid
consumption is linked to a lower incidence of diabetic nephropathy (28).
Further analysis revealed that it was flavan-3-ol and flavone, rather than
flavonol, which play a critical role in this association. Thus, the potential
benefits of flavonol on renal health remain to be determined. In addition,
it is also important to acknowledge that the endpoints investigated in the
clinical above-mentioned studies differ from those in this study, as they
do not pertain to CKD. Our study found a correlation between high
flavonol intake and a lower risk of CKD. Noteworthy, although the p
values for interaction tests were greater than 0.05, variations in CKD
incidence relative to flavonol intake were observed across different
ethnicities, possibly due to genetic differences, lifestyle variations, and
unknown factors.

In the subgroup analysis, we separately examined the associations of
quercetin, kaempferol, isorhamnetin, and myricetin consumption with
CKD. A previous study showed that quercetin effectively reduces
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lipopolysaccharide-induced inflammatory responses in human renal
tubular epithelial cells (21). Several studies have also shown that quercetin
counteracts CKD in mesangial cell models through the regulation of
inflammation, oxidative stress, and the transforming growth factor (TGF)
related pathway (19, 43). Moreover, it has a significant ability to inhibit
asymmetric  dimethylarginine-induced apoptosis in glomerular
endothelial cells (21). A study by Hsieh et al. revealed that quercetin can
reduce DNA damage in the kidneys and restore conditions related to
kidney amyloidosis and collagen deposition (44). The studies by Peng and
colleagues have shown that, in patients with CKD, quercetin can improve
azotemia, reduce hyperuricemia, and relieve the inflammatory response,
but it does not reduce serum creatinine levels in mice (45). Additionally,
the Fufang Shenhua tablet, a traditional Chinese medicine (TCM) with
quercetin as its major component, has been found to improve renal
fibrosis (46). Abelmoschus manihot, a herbal flowering plant rich in
quercetin used in TCM, primarily exerts its therapeutic effect by mitigating
inflammatory responses, reducing oxidative stress, and improving renal
fibrosis (23). This study failed to establish a clear association between
quercetin consumption and the incidence of CKD, potentially as a result
of its limited solubility and reduced oral bioavailability (47). Research on
the relationship between kaempferol, isorhamnetin, myricetin, and CKD
is sparse. Some network-based pharmacological studies suggest that
kaempferol and myricetin may have protective effects on renal function,
offering new perspectives for the development of new CKD treatment (48,
49). However, this study did not find a correlation between the intake of
myricetin or kaempferol and the incidence of CKD, indicating a need for
further research to determine the causal relationship between the
consumption of kaempferol or myricetin and CKD. Regarding
isorhamnetin, some studies found that isorhamnetin can improve
TGF-p1-induced glycolysis and renal fibrosis (48, 49). This study found an
association between high isorhamnetin intake and a lower incidence of
CKD, suggesting that isorhamnetin may benefit CKD patients. Of note, as
shown in Figure 2, although the trend test results indicate a statistically
significant relationship (p value for non-linearity=0.013), the significance
of this correlation disappears after isorhamnetin intake exceeds a certain
threshold. This suggests that at higher intake levels, the impact of
isorhamnetin on CKD risk is no longer significant. Thus, further basic and
clinical research is warranted to confirm this relationship.

This study has several limitations. First, CKD is characterized by
impaired kidney function lasting over three months, a long-term condition.
In contrast, the evaluation of flavonol intake in this study was based on a
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Utilizing restricted cubic splines to analyze the nonlinear trends between the intake of four flavonol subclasses and the risk of CKD.

48h aggregate intake of flavonol, which might not reflect consistent dietary
patterns, leading to potential bias in the results. Second, the demographics
of the participants in this study were limited to individuals in the US,
preventing the generalization of the findings of this study on the effect of
flavonol consumption on CKD to other global populations. Third, the lack
of renal ultrasound and pathological data might lead to underreporting of
CKD cases, thus introducing a possible bias. Fourth, the study did not
account for the possibility that high daily intake of quercetin could interfere
with the effects of other flavonol compounds.

Conclusion

In our analysis of the data from the NHANES periods 2007-2008,
2009-2010, and 2017-2018, we found a possible negative association
between increased consumption of total flavonol, especially isorhamnetin,
and the risk of CKD. This finding could pave the way for the development
of innovative approaches for the treatment of CKD. However, the
establishment of this association between flavonol consumption and CKD
incidence requires additional verification using a more comprehensive
cohort and randomized controlled trials.
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