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Association between dietary 
intake of flavonoids and chronic 
low back pain: a cross-sectional 
study
Haibin Zhou , Yang Xi , Sizhe Gao  and Yan Zhou *

Department of Pain Management, Beijing Jishuitan Hospital, Capital Medical University, Beijing, China

Aim: The purpose of this study was to explore the association between flavonoids 
intake and chronic low back pain (CLBP).

Methods: This cross-sectional study analyzed data from the National Health 
and Nutrition Examination Survey. Dietary flavonoids intake was assessed using 
a two-day recall questionnaire on dietary intake. CLBP was defined based of 
self-reported question. Weighted univariate and multivariate logistic regression 
models were performed to evaluate the relationship between flavonoids intake 
and CLBP. Additionally, subgroup analyses were conducted based on age, 
sedentary behavior time, arthritis, depression, and sleep disorder.

Results: A total of 3,136 adults were included, and 460 participants developed 
CLBP. After adjusting confounders, compared with the lowest total flavonoids 
intake tertile (reference group), flavonoids intake with highest tertile (>170  mg) 
was associated with reduced odds of CLBP [odds ratio (OR) =0.74, 95% 
confidence interval (CI): 0.57–0.95]. This relationship of flavonoids intake with 
CLBP remained statistically significant among participants aged ≥45  years 
(OR  =  0.52, 95%CI: 0.35–0.76), with sedentary behavior time of >3  h (OR  =  0.60, 
95%CI: 0.41–0.86), with arthritis (OR  =  0.51, 95%CI: 0.29–0.90), depression 
(OR  =  0.48, 95%CI: 0.24–0.98), and sleep disorder (OR  =  0.27, 95%CI: 0.12–0.60).

Conclusion: Higher flavonoids intake was found to be  negatively associated 
with the likelihood of CLBP. For the general adult population, consuming foods 
rich in flavonoids may be linked to a reduced risk of CLBP.
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Introduction

Chronic low back pain (CLBP) is a common health issue, affects physical activity and 
lowers an individual’ quality of life (1). According to reports,70–80% individuals in the 
general population are likely to experience low back pain (LBP) at some point in their lives 
(2, 3). The costs associated with CLBP are substantial, imposing a significant financial burden 
on patients and their families. Therefore, identifying the factors linked to CLBP holds 
immense importance for its management and prevention. CLBP, as a painful condition related 
to the musculoskeletal system, was associated with multiple factors, such as body mass index 
(BMI), physical activity, depression (4), and socioeconomic levels (5). The cause of CLBP is 
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complex, and it has been widely acknowledged that intervertebral 
disc degeneration plays a significant role in the development of 
CLBP (6).

Flavonoids, a class of natural phytochemicals present in plants, 
have long been recognized for their potent antioxidant properties (7). 
Previous studies have suggested that flavonoids may potentially 
ameliorate intervertebral disc degeneration and its associated pain, 
primarily attributed to their anti-inflammatory and antioxidant 
mechanisms (8–10). Flavonoids have been found to exert analgesic 
properties by means of their anti-inflammatory effects, activation of 
opioid receptors, suppression of prostaglandin synthesis, and various 
other mechanisms (11–13). In addition, the consumption of flavonoids 
has the potential to ameliorate risk factors associated with CLBP. For 
instance, Song et al., pointed out that flavonoids possess the ability to 
directly inhibit weight gain through biologically active metabolites 
(14). A systematic review and meta-analysis also demonstrated that 
flavonoids may improve symptoms of depression and anxiety, 
attributed to their anti-inflammatory and antioxidant properties (15). 
However, the relationship between flavonoids intake and CLBP has 
not been extensively studied until now.

Based on this background, we conducted a cross-sectional analysis 
to explore the association between flavonoids intake and CLBP 
utilizing data from the National Health and Nutrition Examination 
Survey (NHANES), with the objective of enhancing its management 
through dietary guidance.

Methods

Study population

This cross-sectional study involved participants from the 
NHANES 2009–2010. NHANES is an annual cross-sectional survey 
that is conducted nationally by the US National Center for Health 
Statistics (NCHS) (16) NHANES uses a complex multistage 
probability sampling to evaluate the health and nutritional status of 
the general US population, with a data collection process of interview 
and laboratory examinations. NHANES study received approval from 
ethics review committee of the NCHS, and all participants provided 
written informed consent.

Given that NHANES only releases the data on flavonoids dietary 
intake and CLBP for the cycle of 2009–2010, the selection criteria for 
the study population are based on this cycle data. Inclusion criteria: 
(1) individuals aged 20 years and older; (2) individuals had complete 
data on flavonoids intake; (3) individuals had complete data about 
CLBP diagnosis. Of these, we eliminated some participants who were 
pregnant (n = 31) or breastfeeding a child (n = 22), and had cancer or 
malignancy (n = 201). Finally, 3,136 participants were selected for 
further analysis (Figure 1).

Data collection

Assessment of chronic low back pain
Participants was classified as CLBP when they had to answer “yes” 

to follow three questions (17): “Have you ever had pain, aching or 
stiffness in Back/Neck/Hip almost every day for at least 6 weeks in a 
row?” “Was there one time when you had pain, aching or stiffness in 

your low back on almost every day for 3 or more months in a row? and 
“Do you still have pain, aching or stiffness?”.1

Assessment of flavonoids intakes
Flavonoids intake was downloaded from Flavonoids Values for US 

Department of Agriculture Survey Foods and Beverages. In this study, 
the average dietary flavonoids intakes from two 24 h recalls were used 
as final dietary flavonoids intake. Flavonoids intakes were classified 
into three levels according to tertiles: ≤38 mg (the first tertile), >38 
and ≤ 170 mg (the second tertile), and > 170 mg (the third tertile). The 
NHANES database contains detailed information on 29 specific 
flavonoids, which are categorized into six groups: Isoflavones, 
Anthocyanidins, Flavanones, Flavonols, Flavones, and Flavan-3-ols. 
Intake levels of each subtype of flavonoids were classified into three 
categories based on tertiles.

Possible of covariates
Information of participants was collected from NHANES 

database: age (years), gender, race, education, marital status, poverty 
income ratio (PIR), smoking status, drinking status, physical activity, 
sedentary behavior time (h), BMI, (kg/m2), obesity, arthritis, 
depression, sleep disorder, hypertension, diabetes, dyslipidemia, 
cardiovascular disease (CVD), chronic kidney disease (CKD), total 
energy (kcal), C-reactive protein (mg/dL), glucocorticoids, analgesics, 
and osteoporosis. Sleep disorder was assessed based on the following 
questions (18): “Have you  ever told a doctor or other health 
professional that you  have trouble sleeping?” Participants were 
classified as having diabetes if they had a self-reported physician 
diagnosis, or were taking medication for hypoglycemic drugs, or had 
a fasting glucose of ≥126 mg/dL, or had glycated hemoglobin (HbA1c) 
of ≥6.5% (19). Participants were classified as having dyslipidemia if 
they had total cholesterol (TC) level of ≥200 mg/dL, triglyceride (TG) 
level of ≥150 mg/dL, low-density lipoprotein cholesterol (LDL-C) 
level of ≥130 mg/dL, high-density lipoprotein cholesterol (HDL-C) 
level ≤ 40 mg/dL, or self-reported hypercholesterolemia, use of 
cholesterol-lowering therapy, or administration of lipid-lowering 
drugs. Arthritis was assessed based on the following questions (20): 
“Has a doctor or other health professional ever told you that you had 
arthritis?” Participants were asked to choose between two response 
options: “Yes” or “No.” To further distinguish between types of 
arthritis, individuals who responded positively were asked to specify 
the type, which included categorizations such as “Rheumatoid 
arthritis,” “Osteoarthritis or degenerative arthritis,” “Psoriatic 
arthritis,” and “Other.”

Statistical analysis

The missing proportion of “Physical activity” and “Total spine 
bone mineral density” is relatively high, thus these missing variables 
were classified as “Unknown.” Other missing variables were imputed 
using the random forest chain equation multiple interpolation 
method. Supplementary Table S1 shows a sensitivity analysis on the 
data before and after interpolation. Considering the complex sampling 

1 https://wwwn.cdc.gov/Nchs/Nhanes/2009-2010/ARQ_F.htm
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design of NHANES, we employed the appropriate weights to the data 
in accordance with NHANES guidelines. WTDR2D was employed 
when conducting an analysis utilizing the smaller sample with 
completed Day 1 and Day 2 dietary data, as recommended by 
NHANES. In this study, 3,136 individuals were adjusted for accuracy 
to represent a population of 146,092,167. Continuous variables were 
presented as weighted mean standard error (SE), using independent-
samples T test to compare differences between groups; categorical 
variables were expressed as frequencies and percentages, and 
compared using the Rao-Scott Chi-Squared test. All statistical analyses 
were conducted using SAS 9.4 software.

Weighted univariate and multivariate logistic regression models 
were then used to determine the relationship between total flavonoids 
and each subtype of flavonoids intake with CLBP. Model 1 was 
adjusted for no covariates; Model 2 was adjusted for age, gender, and 
race; Model 3 was adjusted for age, gender, race, PIR, arthritis, 
depression, sleep disorder, and analgesics (Supplementary Table S2). 
Odds ratio (OR) with 95% confidence interval (CI) was calculated. 
p < 0.05 was considered as significant. In addition, subgroup analyses 
were conducted based on age (<45 years/≥45 years), sedentary 
behavior time (≤3 h/>3 h), arthritis (No/Yes), depression (No/Yes), 
and sleep disorder (No/Yes).

Results

Characteristics of participants

Table 1 shows the characteristics of the study population. The 
mean (SE) age of the 3,136 participants was 42.27 (0.37) years, with 
50.77% of male participants. 460 participants were classified as 
CLBP. We  also compared the characteristics of participants 
between CLBP group and non-CLBP group. Compared to the 
non-CLBP group, participants with CLBP tended to be  older, 

Non-Hispanic White, less likely to have attained a college degree, 
had lower PIR, and were more likely to be obesity. Besides, CLBP 
participants were more likely to be smokers and have comorbidities 
like arthritis, depression, sleep disorder, hypertension, diabetes, 
and CVD (p < 0.05). It was observed that CLBP participants may 
have lower proportion of dietary flavonoids intakes than those with 
non-CLBP.

Associations between flavonoids intake 
and CLBP

Table  2 presents the results of logistic regression models 
examining the associations between total flavonoids and 
CLBP. Compared with the lowest total flavonoids intake tertile 
(reference group), participants in highest tertile (>170 mg) were more 
likely to have a lower likelihood of CLBP status (Model 1: OR = 0.72, 
95%CI: 0.59–0.88, p = 0.003). After adjusting age, gender, and race, 
we found that total flavonoids intake with highest tertile was associated 
with a reduced odds of CLBP (Model 2: OR = 0.66, 95%CI: 0.54–0.82, 
p < 0.001). After further adjusting all covariates, the relationship of 
total flavonoids intake with CLBP remained statistically significant 
(Model 3: OR = 0.74, 95%CI: 0.57–0.95, p  = 0.023). As shown in 
Supplementary Table S3, we also analyzed the associations of each 
subtype of flavonoids intake with CLBP. After adjusting all covariates, 
there was a significant negative association between highest tertile of 
flavonols and CLBP (Model 3: OR = 0.68, 95%CI: 0.47–0.98, p = 0.041). 
However, no significant associations were observed between 
isoflavones, anthocyanidins, flavanones, flavones, and flavan-3-ols 
with CLBP (p  > 0.05). Subsequently, we  further explored the 
relationship between four specific subtypes of flavonols and 
CLBP. Notably, when using the first tertile as the reference, the third 
tertile of kaempferol (Model 3: OR = 0.63, 95%CI: 0.43–0.92, p = 0.019) 
and myricetin (Model 3: OR = 0.62, 95%CI: 0.39–0.98, p = 0.042) were 

FIGURE 1

Flowchart of subjects’ selection.
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TABLE 1 Characteristics of participants in the cohorts.

Variables Total (n =  3,136) Non-CLBP group 
(n =  2,676)

CLBP group 
(n =  460)

Statistics p

Flavonoids intake, mg, Mean (S.E) 222.83 (18.53) 222.78 (18.15) 223.14 (44.95) t = −0.01 0.993

Flavonoids intake, n (%) χ2 = 7.58 0.023

  ≤38 mg 1,091 (33.25) 926 (32.70) 165 (36.74)

  38 ~ 170 mg 1,073 (33.43) 914 (33.09) 159 (35.52)

  >170 mg 972 (33.32) 836 (34.21) 136 (27.74)

Age, years, Mean (S.E) 42.27 (0.37) 41.84 (0.40) 44.96 (0.82) t = −3.67 0.002

Age, years, Mean (S.E) χ2 = 6.93 0.008

  <45 1,640 (55.72) 1,455 (57.28) 185 (45.92)

  ≥45 1,496 (44.28) 1,221 (42.72) 275 (54.08)

Gender, n (%) χ2 = 0.09 0.769

  Male 1,549 (50.77) 1,334 (50.89) 215 (49.97)

  Female 1,587 (49.23) 1,342 (49.11) 245 (50.03)

Race, n (%) χ2 = 8.28 0.016

  Non-Hispanic White 1,344 (64.50) 1,105 (63.47) 239 (70.94)

  Non-Hispanic Black 603 (12.61) 521 (12.73) 82 (11.93)

  Others 1,189 (22.89) 1,050 (23.80) 139 (17.14)

Education, n (%) χ2 = 13.67 0.001

  Below high school 839 (17.33) 708 (16.91) 131 (19.95)

  High school 703 (22.54) 585 (21.27) 118 (30.44)

  University graduate and above 1,594 (60.14) 1,383 (61.82) 211 (49.61)

Marital status, n (%) χ2 = 9.90 0.007

  Married 1,613 (54.38) 1,406 (55.31) 207 (48.56)

  Never married 681 (23.33) 601 (23.69) 80 (21.07)

  Others 842 (22.29) 669 (21.00) 173 (30.37)

PIR, n (%) χ2 = 12.06 0.002

  ≤1.3 1,083 (23.39) 887 (21.95) 196 (32.44)

  1.3 ~ 3.5 1,143 (35.45) 981 (35.43) 162 (35.60)

  >3.5 910 (41.15) 808 (42.62) 102 (31.96)

Smoking, yes, n (%) 1,359 (42.29) 1,081 (40.23) 278 (55.15) χ2 = 11.87 <0.001

Drinking, yes, n (%) 2,364 (79.32) 1999 (79.10) 365 (80.70) χ2 = 0.48 0.488

Physical activity, n (%) χ2 = 8.00 0.018

  <450 MET· min/week 292 (9.66) 245 (9.72) 47 (9.27)

  ≥450 MET· min/week 2092 (70.71) 1826 (71.86) 266 (63.48)

Unknown 752 (19.63) 605 (18.42) 147 (27.25)

Sedentary behavior time, n (%) χ2 = 2.36 0.124

  ≤3 h 1,132 (30.91) 980 (31.54) 152 (26.98)

  >3 h 2004 (69.09) 1,696 (68.46) 308 (73.02)

BMI, kg/m2, Mean (S.E) 28.80 (0.19) 28.53 (0.22) 30.52 (0.46) t = −3.91 0.001

Obesity, yes, n (%) 1,230 (37.14) 1,007 (35.57) 223 (46.98) χ2 = 9.90 0.002

Arthritis, yes, n (%) 584 (16.31) 377 (12.13) 207 (42.50) χ2 = 100.78 <0.001

Depression, yes, n (%) 477 (15.22) 303 (12.02) 174 (35.24) χ2 = 78.23 <0.001

Sleep disorder, yes, n (%) 330 (11.41) 210 (9.51) 120 (23.30) χ2 = 71.47 <0.001

Hypertension, yes, n (%) 1,060 (29.33) 836 (27.12) 224 (43.14) χ2 = 13.28 <0.001

(Continued)

https://doi.org/10.3389/fnut.2024.1436461
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Zhou et al. 10.3389/fnut.2024.1436461

Frontiers in Nutrition 05 frontiersin.org

associated with a reduced possibility of CLBP in the fully 
adjusting model.

Stratified analysis

As shown in Table  3, we  explored the correlation between 
flavonoids intake and CLBP across different population stratified by 
age, sedentary behavior time, arthritis, depression, and sleep disorder. 
The result suggested that compared to the first tertile, the third 
quantile of flavonoids intake was significantly related to a decreased 
likelihood of CLBP among participants aged ≥45 years (OR = 0.52, 
95%CI: 0.35–0.76, p = 0.002), with sedentary behavior time of >3 h 
(OR = 0.60, 95%CI: 0.41–0.86, p = 0.009), with arthritis (OR = 0.51, 
95%CI: 0.29–0.90, p = 0.023), depression (OR = 0.48, 95%CI: 0.24–
0.98, p = 0.043), and sleep disorder (OR = 0.27, 95%CI: 0.12–0.60, 
p = 0.003).

Discussion

The present study first assessed the association between flavonoids 
intake and the CLBP risk in the US population, utilizing data from 
NHANES 2009–2010. The findings indicated the modest inverse 

associations between total flavonoids intake and likelihood of 
CLBP. Dietary flavonoids intake was in the highest tertile group, the 
incidence of CLBP may be lowered by 26% than those in the lowest 
tertiles after adjusting all covariates. Moreover, this negative 
correlation remains robust across subgroups aged ≥45 years, with 
sedentary behavior time > 3 h, with arthritis, depression, and 
sleep disorder.

CLBP is one of the most common health issues. Notably, dietary 
patterns have been found to exert a significant impact on the 
occurrence of CLBP (21). Adherence to the Mediterranean and plant-
based diet may effectively reduce musculoskeletal pain (22); The 
consumption of an unhealthy diet, including higher intake of refined 
grains, red meat, processed meat, high saturated fat, trans-fatty acids, 
sweet sugary foods, and caffeine, was associated with an elevated level 
of inflammatory markers, thereby increasing the risk of CLBP (23). 
Flavonoids have attracted considerable attention due to their anti-
inflammatory and antioxidant properties. These compounds are 
commonly found in plants, fruits, and vegetables such as cranberries, 
green tea, black tea, citrus fruits, and grape seeds (24). Several 
epidemiologic studies have suggested that flavonoid intakes could 
be beneficial for the prognosis of some diseases and health benefits. 
For example, Liu et al. reported that higher consumption of dietary 
flavonoids was associated with periodontal health in the US population 
(25). A meta-analysis also suggested that a high intake of flavonols, 

TABLE 1 (Continued)

Variables Total (n =  3,136) Non-CLBP group 
(n =  2,676)

CLBP group 
(n =  460)

Statistics p

Diabetes, yes, n (%) 449 (10.43) 351 (9.80) 98 (14.40) χ2 = 5.20 0.023

Dyslipidemia, yes, n (%) 2,116 (65.84) 1764 (64.64) 352 (73.34) χ2 = 3.78 0.052

CVD, yes, n (%) 368 (10.79) 266 (9.59) 102 (18.34) χ2 = 21.10 <0.001

CKD, yes, n (%) 270 (6.63) 224 (6.59) 46 (6.83) χ2 = 0.04 0.836

Total energy, kcal, Mean (S.E) 2157.41 (26.03) 2157.89 (26.03) 2154.42 (68.27) t = 0.05 0.960

C-reactive protein, mg/dL, Mean (S.E) 0.34 (0.01) 0.33 (0.01) 0.40 (0.03) t = −2.26 0.038

Glucocorticoids, yes, n (%) 46 (1.03) 28 (0.82) 18 (2.32) χ2 = 11.11 <0.001

Analgesics, yes, n (%) 279 (7.72) 160 (5.44) 119 (21.98) χ2 = 63.57 <0.001

Osteoporosis, n (%) χ2 = 5.28 0.072

  No 2,208 (70.97) 1923 (72.00) 285 (64.49)

  Yes 61 (1.29) 56 (1.30) 5 (1.21)

  Unknown 867 (27.74) 697 (26.70) 170 (34.30)

CLBP, chronic low back pain; PIR, poverty income ratio; MET, metabolic equivalent of task; BMI, body mass index; CVD, cardiovascular disease; CKD, chronic kidney disease.

TABLE 2 Associations between flavonoid intake and CLBP.

Variables Model 1 Model 2 Model 3

OR (95% CI) p OR (95% CI) p OR (95% CI) p

Total flavonoids intake

  ≤38 mg (the first tertile) Ref Ref Ref

  38 ~ 170 mg (the second tertile) 0.96 (0.72–1.26) 0.734 0.93 (0.70–1.23) 0.593 1.09 (0.76–1.57) 0.612

  >170 mg (the third tertile) 0.72 (0.59–0.88) 0.003 0.66 (0.54–0.82) <0.001 0.74 (0.57–0.95) 0.023

CLBP, chronic low back pain; OR, odds ratio; CI, confidence interval.
Model 1: adjusted for no covariates.
Model 2: adjusted for age, gender, and race.
Model 3: adjusted for age, gender, race, poverty income ratio, arthritis, depression, sleep disorder, and analgesics.
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such as quercetin, may potentially mitigate the risk of colon cancer, 
while a high intake of flavones, such as apigenin, may potentially low 
the risk of rectal cancer (26). In addition, higher flavonoid intakes may 
help maintain cognitive function (27). Although studies have also 
provided some evidence to support the beneficial role of flavonoids in 
intervertebral disc degeneration (9, 28), but the relationship between 
dietary flavonoid intake and the CLBP risk remained inconclusive.

In the present study, we  adopted the weighted multivariate 
logistic regression model was to determine the relationship between 
flavonoids intake and CLBP in a representative population, and 
found higher total dietary flavonoids intake was associated with 
decreased CLBP risk after adjusting confounders. The mechanisms 
underlying the association between dietary flavonoid intake and the 
CLBP risk are not fully understood. Flavonoids, exhibiting anti-
inflammatory and antioxidant properties, stimulate the proliferation 
of nucleus pulposus cells, downregulate the expression of tumor 
necrosis factor-β and matrix metalloproteinase-3 genes, and enhance 
the production of bone morphogenetic protein-2, aggrecan, and type 
II collagen in nucleus pulposus cells. These findings underscore their 
immense potential in regulating intervertebral disc degeneration and 
promoting disc regeneration (29, 30). Additionally, in the present 

study, only flavonols intake exhibited an inverse association with 
CLBP among all the flavonoid subclasses. While an association 
between flavonoids and CLBP was observed in this study, it is 
important to note that not all subtypes of flavonoid compounds have 
a significant impact on CLBP. Additional clinical studies are needed 
to verify our findings.

To the best of our knowledge, this is the first study employing a 
nationally representative sample to elucidate the association between 
dietary total flavonoids intake and different subclasses of flavonoids 
with CLBP in U.S. adults, which provided a valuable reference for the 
prevention strategy of CLBP. However, this study has several 
limitations. First, this study is a cross-sectional investigation that does 
not establish a causal relationship between dietary flavonoids intake 
and CLBP. Second, the NHANES database lacks data on pain severity 
and different causes of pain, thereby this study cannot further assess 
the relationship between dietary intake of flavonoids and the severity 
of CLBP. Third, the participants involved in this study consisted of 
American adults, potentially influencing the generalizability of the 
study findings. Finally, the estimation of daily flavonoid intake was 
based on the average dietary data within 2 days, which may have 
introduced limitations to the accuracy and representativeness of the 

TABLE 3 Stratified analysis based on age, sedentary behavior time, arthritis, depression, and sleep disorder.

Subgroup OR (95%CI) p OR (95%CI) p

Subgroup I: Age Age < 45 (n = 1,640) Age ≥ 45 (n = 1,496)

Flavonoids intake

  ≤38 mg (the first tertile) Ref Ref

  38 ~ 170 mg (the second tertile) 1.33 (0.73–2.45) 0.332 0.90 (0.48–1.70) 0.734

  >170 mg (the third tertile) 1.11 (0.74–1.66) 0.609 0.52 (0.35–0.76) 0.002

Subgroup II: Sedentary behavior time ≤ 3 h (n = 1,132) >3 h (n = 2004)

Flavonoids intake

  ≤38 mg (the first tertile) Ref Ref

  38 ~ 170 mg (the second tertile) 1.07 (0.52–2.24) 0.839 1.10 (0.70–1.73) 0.651

  >170 mg (the third tertile) 1.19 (0.48–2.96) 0.692 0.60 (0.41–0.86) 0.009

Subgroup III: Arthritis No (n = 2,552) Yes (n = 584)

Flavonoids intake

  ≤38 mg (the first tertile) Ref Ref

  38 ~ 170 mg (the second tertile) 1.32 (0.74–2.35) 0.329 0.81 (0.39–1.71) 0.566

  >170 mg (the third tertile) 0.89 (0.65–1.22) 0.450 0.51 (0.29–0.90) 0.023

Subgroup IV: Depression No (n = 2,659) Yes (n = 477)

Flavonoids intake

  ≤38 mg (the first tertile) Ref Ref

  38 ~ 170 mg (the second tertile) 1.24 (0.84–1.85) 0.258 0.88 (0.43–1.76) 0.693

  >170 mg (the third tertile) 0.89 (0.66–1.20) 0.413 0.48 (0.24–0.98) 0.043

Subgroup V: Sleep disorder No (n = 2,806) Yes (n = 330)

Flavonoids intake

  ≤38 mg (the first tertile) Ref Ref

  38 ~ 170 mg (the second tertile) 1.36 (0.85–2.17) 0.180 0.43 (0.21–0.89) 0.026

  >170 mg (the third tertile) 0.95 (0.68–1.33) 0.761 0.27 (0.12–0.60) 0.003

OR, odds ratio; CI, confidence interval.
Adjusted for age (not adjusted in subgroup I), gender, race, poverty income ratio, arthritis (not adjusted in subgroup III), depression (not adjusted in subgroup IV), sleep disorder (not adjusted 
in subgroup V), and analgesics.
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results. Further large, prospective studies and clinical trials are now 
warranted to verify our findings.

Conclusion

In summary, a higher flavonoid intake was found to be negatively 
associated with the likelihood of CLBP. For the general adult 
population, consuming foods rich in flavonoids may be linked to a 
reduced risk of CLBP, which could be useful in developing strategies 
aimed at preventing this condition.

Data availability statement

Publicly available datasets were analyzed in this study. This data 
can be found here: NHANES database, https://wwwn.cdc.gov/nchs/
nhanes/.

Ethics statement

The requirement of ethical approval was waived by Beijing 
Jishuitan Hospital, Capital Medical University for the studies involving 
humans because Beijing Jishuitan Hospital, Capital Medical 
University. The studies were conducted in accordance with the local 
legislation and institutional requirements. The participants provided 
their written informed consent to participate in this study.

Author contributions

HZ: Conceptualization, Project administration, Supervision, 
Writing – original draft, Writing – review & editing. YX: Data 

curation, Formal analysis, Investigation, Methodology, Writing – 
review & editing. SG: Data curation, Formal analysis, Investigation, 
Methodology, Writing – review & editing. YZ: Conceptualization, 
Project administration, Writing – original draft, Writing – review & 
editing.

Funding

The author(s) declare that no financial support was received for 
the research, authorship, and/or publication of this article.

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.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fnut.2024.1436461/
full#supplementary-material

References
 1. Li Y, Yan L, Hou L, Zhang X, Zhao H, Yan C, et al. Exercise intervention for patients 

with chronic low Back pain: a systematic review and network Meta-analysis. Front Public 
Health. (2023) 11:1155225. doi: 10.3389/fpubh.2023.1155225

 2. Xu S, Qi J, Liu C, Xia W, Wang Z, Li K, et al. Evaluation of three decades of the 
burden of low Back pain in China before Covid-19: estimates from the global burden of 
disease database 2019. J Glob Health. (2024) 14:04006. doi: 10.7189/jogh.14.04006

 3. Lee CA, Jang HD, Moon JE, Han S. The relationship between change of weight and 
chronic low Back pain in population over 50 years of age: a Nationwide cross-sectional 
study. Int J Environ Res Public Health. (2021) 18:3969. doi: 10.3390/ijerph18083969

 4. Pinheiro MB, Ferreira ML, Refshauge K, Ordoñana JR, Machado GC, Prado LR, 
et al. Symptoms of depression and risk of new episodes of low Back pain: a systematic 
review and Meta-analysis. Arthritis Care Res (Hoboken). (2015) 67:1591–603. doi: 
10.1002/acr.22619

 5. Alfalogy E, Mahfouz S, Elmedany S, Hariri N, Fallatah S. Chronic low Back pain: 
prevalence, impact on quality of life, and predictors of future disability. Cureus. (2023) 
15:e45760. doi: 10.7759/cureus.45760

 6. Mohd Isa IL, Teoh SL, Mohd Nor NH, Mokhtar SA. Discogenic low Back pain: 
anatomy, pathophysiology and treatments of intervertebral disc degeneration. Int J Mol 
Sci. (2022) 24:208. doi: 10.3390/ijms24010208

 7. Barreca MM, Alessandro R, Corrado C. Effects of flavonoids on Cancer, 
cardiovascular and neurodegenerative diseases: role of Nf-Κb signaling pathway. Int J 
Mol Sci. (2023) 24:9236. doi: 10.3390/ijms24119236

 8. Zhao K, Chen M, Liu T, Zhang P, Wang S, Liu X, et al. Rhizoma Drynariae Total 
flavonoids inhibit the inflammatory response and matrix degeneration via Mapk 
pathway in a rat degenerative cervical intervertebral disc model. Biomed Pharmacother. 
(2021) 138:111466. doi: 10.1016/j.biopha.2021.111466

 9. Shao Z, Wang B, Shi Y, Xie C, Huang C, Chen B, et al. Senolytic agent quercetin 
ameliorates intervertebral disc degeneration via the Nrf2/Nf-Κb Axis. Osteoarthr Cartil. 
(2021) 29:413–22. doi: 10.1016/j.joca.2020.11.006

 10. Zhao W, Li Y, Cheng X, Wei H, Li P, Fan L, et al. The antioxidant Glycitin protects 
against intervertebral disc degeneration through antagonizing inflammation and 
oxidative stress in nucleus pulposus cells. Aging (Albany NY). (2023) 15:13693–709. doi: 
10.18632/aging.205251

 11. Xiao X, Wang X, Gui X, Chen L, Huang B. Natural flavonoids as promising 
analgesic candidates: a systematic review. Chem Biodivers. (2016) 13:1427–40. doi: 
10.1002/cbdv.201600060

 12. Liu C, Liu DQ, Tian YK, Mei W, Tian XB, Xu AJ, et al. The emerging role of 
quercetin in the treatment of chronic pain. Curr Neuropharmacol. (2022) 20:2346–53. 
doi: 10.2174/1570159x20666220812122437

 13. Ferraz CR, Carvalho TT, Manchope MF, Artero NA, Rasquel-Oliveira FS, Fattori 
V, et al. Therapeutic potential of flavonoids in pain and inflammation: mechanisms of 
action, pre-clinical and clinical data, and pharmaceutical development. Molecules. 
(2020) 25:762. doi: 10.3390/molecules25030762

 14. Song D, Cheng L, Zhang X, Wu Z, Zheng X. The modulatory effect and the 
mechanism of flavonoids on obesity. J Food Biochem. (2019) 43:e12954. doi: 10.1111/
jfbc.12954

 15. Jia S, Hou Y, Wang D, Zhao X. Flavonoids for depression and anxiety: a systematic 
review and Meta-analysis. Crit Rev Food Sci Nutr. (2023) 63:8839–49. doi: 
10.1080/10408398.2022.2057914

 16. Chen WL, Zhao J. Association between dietary Anthocyanidins intake and 
depression among us adults: a cross-sectional study (Nhanes, 2007–2010 and 
2017–2018). BMC Psychiatry. (2023) 23:525. doi: 10.1186/s12888-023-05029-8

https://doi.org/10.3389/fnut.2024.1436461
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://wwwn.cdc.gov/nchs/nhanes/
https://wwwn.cdc.gov/nchs/nhanes/
https://www.frontiersin.org/articles/10.3389/fnut.2024.1436461/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2024.1436461/full#supplementary-material
https://doi.org/10.3389/fpubh.2023.1155225
https://doi.org/10.7189/jogh.14.04006
https://doi.org/10.3390/ijerph18083969
https://doi.org/10.1002/acr.22619
https://doi.org/10.7759/cureus.45760
https://doi.org/10.3390/ijms24010208
https://doi.org/10.3390/ijms24119236
https://doi.org/10.1016/j.biopha.2021.111466
https://doi.org/10.1016/j.joca.2020.11.006
https://doi.org/10.18632/aging.205251
https://doi.org/10.1002/cbdv.201600060
https://doi.org/10.2174/1570159x20666220812122437
https://doi.org/10.3390/molecules25030762
https://doi.org/10.1111/jfbc.12954
https://doi.org/10.1111/jfbc.12954
https://doi.org/10.1080/10408398.2022.2057914
https://doi.org/10.1186/s12888-023-05029-8


Zhou et al. 10.3389/fnut.2024.1436461

Frontiers in Nutrition 08 frontiersin.org

 17. Shmagel A, Foley R, Ibrahim H. Epidemiology of chronic low Back pain in US 
adults: data from the 2009–2010 National Health and nutrition examination survey. 
Arthritis Care Res (Hoboken). (2016) 68:1688–94. doi: 10.1002/acr.22890

 18. Wang Y, Fan H, Ren Z, Liu X, Niu X. Sleep disorder, Mediterranean diet, and all-
cause and cause-specific mortality: a prospective cohort study. BMC Public Health. 
(2023) 23:904. doi: 10.1186/s12889-023-15870-x

 19. Guo W, Song Y, Sun Y, Du H, Cai Y, You Q, et al. Systemic immune-inflammation 
index is associated with diabetic kidney disease in type 2 diabetes mellitus patients: 
evidence from NHANES 2011–2018. Front Endocrinol (Lausanne). (2022) 13:1071465. 
doi: 10.3389/fendo.2022.1071465

 20. Zhou E, Wu J, Zhou X, Yin Y. The neutrophil-lymphocyte ratio predicts all-cause 
and cardiovascular mortality among U.S. adults with rheumatoid arthritis: results 
from NHANES 1999–2020. Front Immunol. (2023) 14:1309835. doi: 10.3389/
fimmu.2023.1309835

 21. Carballo-Casla A, García-Esquinas E, Banegas JR, Rodríguez-Artalejo F, Ortolá R. 
Fish consumption, Omega-3 fatty acid intake, and risk of pain: the seniors-Enrica-1 
cohort. Clin Nutr. (2022) 41:2587–95. doi: 10.1016/j.clnu.2022.09.007

 22. Mendonça CR, Noll M, Castro MCR, Silveira EA. Effects of nutritional 
interventions in the control of musculoskeletal pain: an integrative review. Nutrients. 
(2020) 12:3075. doi: 10.3390/nu12103075

 23. Pasdar Y, Hamzeh B, Karimi S, Moradi S, Cheshmeh S, Shamsi MB, et al. Major 
dietary patterns in relation to chronic low Back pain; a cross-sectional study from Rancd 
cohort. Nutr J. (2022) 21:28. doi: 10.1186/s12937-022-00780-2

 24. Liu F, Nie J, Deng MG, Yang H, Feng Q, Yang Y, et al. Dietary flavonoid intake is 
associated with a lower risk of diabetic nephropathy in us adults: data from Nhanes 
2007–2008, 2009–2010, and 2017–2018. Food Funct. (2023) 14:4183–90. doi: 10.1039/
d3fo00242j

 25. Liu Y, Yin T, He M, Fang C, Peng S. The relationship of dietary flavonoids and 
periodontitis in us population: a cross-sectional Nhanes analysis. Clin Oral Investig. 
(2024) 28:168. doi: 10.1007/s00784-024-05561-1

 26. Chang H, Lei L, Zhou Y, Ye F, Zhao G. Dietary flavonoids and the risk of colorectal 
Cancer: an updated Meta-analysis of epidemiological studies. Nutrients. (2018) 10:950. 
doi: 10.3390/nu10070950

 27. Yeh TS, Yuan C, Ascherio A, Rosner BA, Willett WC, Blacker D. Long-term dietary 
flavonoid intake and subjective cognitive decline in us men and women. Neurology. 
(2021) 97:e1041–56. doi: 10.1212/wnl.0000000000012454

 28. Li N, Whitaker C, Xu Z, Heggeness M, Yang SY. Therapeutic effects of Naringin 
on degenerative human nucleus pulposus cells for Discogenic low Back pain. Spine J. 
(2016) 16:1231–7. doi: 10.1016/j.spinee.2016.05.007

 29. Kanno S, Tomizawa A, Hiura T, Osanai Y, Shouji A, Ujibe M, et al. Inhibitory 
effects of Naringenin on tumor growth in human Cancer cell lines and sarcoma S-180-
implanted mice. Biol Pharm Bull. (2005) 28:527–30. doi: 10.1248/bpb.28.527

 30. Devraj VM, Vemuri SK, Banala RR, Gunda SK, Av GR, Gpv S. Evaluation of anti-
inflammatory and regenerative efficiency of Naringin and Naringenin in degenerated 
human nucleus pulposus cells: biological and molecular modeling studies. Asian Spine 
J. (2019) 13:875–89. doi: 10.31616/asj.2019.0073

https://doi.org/10.3389/fnut.2024.1436461
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1002/acr.22890
https://doi.org/10.1186/s12889-023-15870-x
https://doi.org/10.3389/fendo.2022.1071465
https://doi.org/10.3389/fimmu.2023.1309835
https://doi.org/10.3389/fimmu.2023.1309835
https://doi.org/10.1016/j.clnu.2022.09.007
https://doi.org/10.3390/nu12103075
https://doi.org/10.1186/s12937-022-00780-2
https://doi.org/10.1039/d3fo00242j
https://doi.org/10.1039/d3fo00242j
https://doi.org/10.1007/s00784-024-05561-1
https://doi.org/10.3390/nu10070950
https://doi.org/10.1212/wnl.0000000000012454
https://doi.org/10.1016/j.spinee.2016.05.007
https://doi.org/10.1248/bpb.28.527
https://doi.org/10.31616/asj.2019.0073

	Association between dietary intake of flavonoids and chronic low back pain: a cross-sectional study
	Introduction
	Methods
	Study population
	Data collection
	Assessment of chronic low back pain
	Assessment of flavonoids intakes
	Possible of covariates
	Statistical analysis

	Results
	Characteristics of participants
	Associations between flavonoids intake and CLBP
	Stratified analysis

	Discussion
	Conclusion

	References

