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Introduction: Chronic low back pain (cLBP) is a common health condition
associated with substantial personal and economic costs. Recent literature
suggests that socioeconomic status (SES) and diet quality may influence
its impact.

Methods: The purpose of this study was to examine whether SES, measured via
the National Area Deprivation Index (NADI), and diet quality, assessed by the
dietary inflammatory index (DIl), were associated with proinflammatory
cytokine levels and movement-evoked pain outcomes in individuals with
cLBP. We hypothesized that individuals with cLBP with lower NADI and DIl
scores would exhibit significantly greater pain and higher levels of
inflammatory biomarkers. Participants with cLBP (n = 78) completed
questionnaires assessing pain and demographic factors, along with a 24 h
food recall. Inflammatory biomarkers were measured from peripheral blood
samples collected prior to the completion of the questionnaires.

Results: Analyses revealed that NADI and DIl were associated with a similar
profile of inflammatory biomarkers and pain outcomes and that DIl varied as
a function of NADI.

Conclusions: These findings offer important information for future targeting
goals for treating vulnerable populations with cLBP. Future studies are
warranted to determine whether the relationships among SES, diet quality,
and inflammation extend to other chronic pain conditions.
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Chronic pain is a significant health condition that imposes
substantial physical, psychosocial, and financial burdens on
individuals and communities (1). The International Association
for the Study of Pain describes pain as “an unpleasant sensory and
emotional experience associated with, or resembling that
associated with, actual or potential tissue damage” (2). Chronic
pain can lead to anxiety, depression, and disruptions in daily
activities, including the ability to care for oneself or one’s family,
all of which require time and financial resources (3). Among the
various types of chronic pain, chronic low back pain (cLBP) is
one of the most common. In adults, the prevalence of cLBP has
increased by more than 100% in the last 10 years (4). Like other
forms of chronic pain, cLBP is considered to have recurring or
persistent symptoms lasting longer than 3 months (3). This painful
disorder can be classified into two subgroups: specific cLBP and
idiopathic cLBP. In specific cLBP, there is a tangible underlying
etiology, making treatment modalities easier to determine and
implement (5). In contrast, the vast majority of cLBP cases are
idiopathic, in which the exact pathological source of pain remains
unknown (5). As the majority of cLBP cases fall under this
category, most monotherapy treatments are ineffective and poor at
best due to the lack of understanding of its root cause (6).

Several risk factors are associated with cLBP, including
demographic, psychological, and environmental factors (7).
Recent literature has identified lower socioeconomic status (SES)
as a risk factor not only for the development of chronic pain
but also for greater pain severity (8). Low SES is characterized
by a lack of access to social, educational, financial, and
healthcare resources, while both medium and high SES are
associated with progressively greater access (9). Used together as
an overall SES variable, as well as independently, lower levels of
education, income inequality, and higher levels of deprivation
are all associated with increased cLBP prevalence (10). It is well-
established that individuals with lower SES are likely to hold
multiple jobs, especially those that require manual labor, which
increases their risk of developing cLBP compared to non-
). In addition, it has
been reported that limited access to healthcare, lack of access to

manual laborers due to physical stress (7,

gyms/physical activity, and food insecurity may all play a role in
influencing the development of painful disorders such as cLBP.
An inflammatory response is characteristic of individuals with
cLBP (
as dietary patterns. Current literature has shown that healthier

), and this can be influenced by behavioral factors such

eating patterns are related to lower levels of proinflammatory
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biomarkers and higher levels of anti-inflammatory biomarkers
(13). Specifically, foods such as fish, whole grains, fruits, and
vegetables are recognized for their anti-inflammatory properties
(13). Additional evidence suggests that an unbalanced diet
(characterized by excess consumption of refined sugars, saturated
fatty acids, and free radicals, along with deficiencies in vitamins,
minerals, and antioxidants) can influence pain conditions, possibly
through inflammation (14). Unfortunately, healthier food options
are less accessible in low-SES areas (15), leading individuals in
these areas to rely more heavily on less healthy, calorie-dense,
processed foods. In 2019, a systematic review of the literature on
obesity (a proinflammatory condition) and national SES found
that individuals with low SES had a 45% higher odds of obesity
and a 31% higher odds of being overweight (16). Similarly, diets
high in processed and fried foods have been associated with
greater reports of pain than plant-based diets (17).

As stated, treatment options for idiopathic cLBP are mediocre
because they (1) often fail to reduce pain severity and (2) come
with a negative side-effect profile that creates additional health
burdens. Therefore, there is an urgent need to develop effective
treatment modalities with a better side-effect profile. Because diet
quality, like many pharmaceuticals, can perpetuate and decrease
inflammation and has a side-effect-free profile, it may be
efficacious to harness it as a therapeutic option for cLBP
treatment. However, factors influencing diet quality must also be
accounted for when developing such treatments. The purpose of
this study was to examine levels of inflammatory biomarkers in
participants with idiopathic cLBP in relation to their SES and diet
quality [as measured via the dietary inflammatory index (DII)] to
determine a relationship among these three variables to lay the
groundwork for potential future studies and interventions.

Participants

Community-dwelling adults (n=78) with idiopathic cLBP
were recruited from the Birmingham, Alabama, geographical
area. Participants were evaluated by a telephone screening to
provide general information about their chronic pain and
medical history to determine eligibility. Participants were asked
to self-identify their race, ethnicity, sex, and gender. Inclusion
criteria required persistent lower back pain lasting 6 months or
longer. Eligible participants were aged 19-85 years. Excluding
criteria consisted of known (i.e., specific) cLBP etiology, back
surgery within the last year, accident or trauma in the previous
year, uncontrolled blood pressure, heart disease, systemic lupus,
diabetes,
epilepsy,
depression/bipolar disorders, and HIV. Screening and eligibility

cancer, ankylosing spondylitis, multiple sclerosis,

stroke, fibromyalgia, Raynaud’s disease, major
procedures were conducted in accordance with approval from
the University of Alabama at Birmingham (UAB) Institutional
Review Board (#170119003). All participants provided written
informed consent that has been approved by the UAB IRB and

conducted in accordance with the Declaration of Helsinki.
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Twenty-four-hour food recall

A 24-h food recall questionnaire was delivered to acknowledge
the typical food consumption of participants over a single day.
Trained research assistants conducted the recall and probed
participants for additional ingredients that may have been
missed. The recall included all meals from the first meal to the
last meal, along with any snacks and beverages consumed in the
24 h prior to experimental testing.

Nutritional analysis

The Nutrition Data System for Research 2020 (NDSR;
University of Minnesota, Minneapolis, MN, USA) was used to
analyze all nutritional data. The 24-h food recall data were
entered into NDSR, and a complete list of macro- and
micronutrients was generated.

The DII was then calculated as per the protocol in SPSS
version 29 (57). For this study, the DII was calculated using the
following components: alcohol; vitamins A, B, B12, C, D, and E;
total carbohydrates; total fat; cholesterol; fiber; folic acid; iron;
magnesium; beta-carotene; energy (kcal); monounsaturated and
polyunsaturated fatty acids; N-3 and N-6 fatty acids; protein;
riboflavin; saturated fatty acids (SFA); selenium; thiamin; zing;
trans fats; caffeine; and isoflavones. The DII score ranges from
positive to negative values, with positive values indicating higher
levels of inflammatory nutrients and negative values indicating a
greater presence of anti-inflammatory nutrients.

National Area Deprivation Index

To quantify SES, the National Area of Deprivation Index
(NADI) was used to provide data about disadvantages based on
one’s residence. Participants’ self-reported addresses from the
demographic questionnaire were used to determine their nine-
digit zip codes via UnitedStateszipcode.org. These zip codes
were then processed in MATLAB (version 9.9) by loading the
code zippy.m to generate scores ranging from 0 to 100, with
higher
disadvantage. The scores are calculated based on education,

scores indicating greater levels of neighborhood

employment, income, and housing quality (18).

Blood-based biomarkers

A single blood draw was performed at session commencement
by a trained phlebotomist. Blood was collected into 4 mL purple-
top EDTA tubes and centrifuged at 1,500-1,800¢ (rcf) for 10 min;
plasma was then removed and stored at —80°C for later analysis.
The collected blood was used to assess numerous biomarkers,
including interferon gamma (IFN-y); interleukins (ILs): IL-10,
IL-12p70, IL-13, IL-1-B, IL-2, IL-4, IL-6, IL-8, IL-15, IL-16, IL-
17A, IL-1-a, IL-5, IL-23p40, and IL-7; tumor necrosis factors
(TNFs): TNF-a and TNF-f; eotaxin and eotaxin-3; monocyte
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(MCPs):
chemokine

MCP-1 and MCP-4;
macrophage-derived (MDC); macrophage
inflammatory proteins (MIPs): MIP-la and MIP-1f; thymus
(TARC);
macrophage colony-stimulating factor (GM-CSF); interferon

chemoattractant  proteins

and activation-regulated chemokine granulocyte-
gamma-inducible protein 10 (IP-10); and vascular endothelial

growth factor 5 (VEGF-5).

Functional performance and short physical
performance battery

Bed task

Participants were instructed to stand next to the bed and
simulate their normal method of getting into bed. Once lying
flat on their back, they were instructed to get out of bed as they
normally would and stand beside it. This exercise was repeated
twice, and after the second trial, participants reported their pain
and difficulty on a scale from 0 to 100.

Box-lift tests

Female participants were instructed to lift a 9-pound box and
place it on a 30-in table, while male participants were asked to lift
a 14-pound box and place it on a 30-in table. After placing the box
on the table, all participants were instructed to return it to the
floor in front of them. This sequence was repeated four
consecutive times. After the final lift, participants rated their
pain and difficulty again on a 0-100 scale. At any point during
the test, the test was stopped immediately if a participant was
unable to lift the box.

SPPB: balance tests

To begin the short physical performance battery (SPPB),
participants were asked to complete a balance test consisting of
three parts, each with a different stance. The first was the side-
by-side, followed by semi-tandem, ending with full-tandem.
Participants scored 0-1 on the side-by-side and semi-tandem
tests. A score of 1 indicates that the participant held the
position for 10 s, while 0 indicates that the participant did not
make it to 10 s or could not complete the task. The full-tandem
test was scored on a 0-2 scale, with 2 indicating holding the
position for 10s, 1 indicating maintaining the position for 3-
9.99s, and 0 indicating holding it for less than 3 s or not
completing the test. In the end, scores from all stances were
summed, and participants were asked to rate their pain and
difficulty with the balance tests.

SPPB: gait speed tests

Participants were instructed to walk a 4-m course twice at
their normal walking speed. The timing was recorded, and
walking aids were permitted if necessary. The faster of the two
times was used for scoring. Scores ranged from 0 to 4, with 0
indicating that the test was not done, 1 indicating that the
participant took longer than 8.70s, 2 indicating 6.21-8.7s, 3
corresponding to 4.82-6.21s, and 4 indicating less than 4.82s.
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In the end, participants were asked to rate their pain and difficulty
on a 0-100 scale.

SPPB: chair stands

Participants were instructed to rise from a chair without using
their hands. If successful, they were then asked to complete five
consecutive chair stands, all without using their arms. They
were told to complete the task as quickly as possible, and the
time was recorded. Scores ranged from 0 to 4, with 0 indicating
that the participant was unable to complete the task at all or
required more than 60s, 1 indicating that the chair stands
were finished in 16.70-60s, 2 indicating that the chair
stands were finished in 13.70-16.70 s, 3 indicating that the chair
stands were finished in 11.20-13.70 s, and finally 4 indicating
that the chair stands were finished in less than 11.20 s. After the
chair stands were completed, participants were asked to rate
their pain and difficulty on a 0-100 scale.

Timed up-and-go

The final movement task was the timed up-and-go (TUG).
Participants were asked to start the test sitting in a chair. When
ready, they were instructed to rise from the chair, walk a 3-m
course at a normal walking pace, turn around at the end of the
course, return to their chair, and sit down. Time and self-
reported pain and difficulty were recorded.

Statistical analyses

All statistical analyses were performed using IBM SPSS
Statistics, version 29. Prior to analyses, the data were cleaned and
tested for normality using Levine’s test and skewness and kurtosis

10.3389/fmscd.2025.1601314

assessments. To examine potential demographic differences, chi-
square tests and analyses of variance (ANOVAs) were conducted
as appropriate. Participants were categorized into three groups
based on NADI scores: high (66-100), medium (33-66), and low
(0-33). Partial correlation analyses were also performed to
determine associations among DII, blood biomarkers, and pain
outcomes. Correlations were also conducted between NADI as a
continuous variable and blood biomarkers. In addition, we
performed analyses of covariance (ANCOVAs) with the NADI
groups as the fixed factor and DII, pain, and physical function
outcomes as the dependent variables. Age, sex, race, income,
education, caloric intake, and BMI were controlled for due to
their potential confounding effects on DII and/or pain outcomes.
Finally, a post-hoc power analysis was conducted for sensitivity.
The significance level was set at p <0.05 in all cases.

Results
Participant characteristics

Of the 279 individuals with cLBP who participated in the
study, only 78 had valid DII scores, NADI scores, biomarker
data, and covariate data available for analyses. Of the entire
sample, most participants were women (57.7%) and non-
Hispanic Black (64.1%), with a mean age of 44.71 (£12.76)
years. The mean NADI score was 69.08 (+26.803), and most
participants had partial college education or less (68%). The
average BMI was 30.87 (+£8.060), and the average DII score was
2.10 (x1.756). A complete of participant
demographic characteristics stratified by the NADI group is
presented in Table 1. NADI, DII, the biomarkers IL-1B, MDC,

breakdown

TABLE 1 Participant demographic characteristics stratified by NADI groups (high, medium, low).

Variable Total participants High NADI Medium NADI Low NADI p-value
(N =78) (%) (>66) (33-66) (<33)
Sex 0.545
Female 45 (57.7) 29 (58.0) 10 (66.7) 6 (46.2)
Male 33 (42.3) 21 (42.0) 5(33.3) 7 (53.8)
Race 0.001*
Black 50 (64.1) 39 (78.0) 8 (53.3) 3(23.1)
White 28 (35.9) 11 (22.0) 7 (46.7) 10 (76.9)
Age (years) 44.71 £ 12.759 45.76 £ 11.969 41.07 +13.609 44.85+14.910 0.540
BMI 30.87 = 8.060 31.48 £7.552 30.53 +11.031 28.90 + 6.387 0.198
NADI 69.08 +26.803 — — — —
DII 2.10+1.756 2.33+1.739 1.69 + 1.419 1.68 £2.111 0.006*
Education 0.014*
College graduate and above 25 (32.1) 10 (20.0) 7 (46.7) 8 (61.5)
Partial college and below 53 (68) 40 (80.0) 8 (53.3) 5 (38.5)
Income <0.001*
Above poverty 45 (57.7) 20 (40.0) 12 (80.0) 13 (100.0)
Below poverty 31 (39.7) 28 (56.0) 3 (20.0) 0 (0.00)
Employment status 0.206
Full-time 36 (46.2) 18 (36.0) 9 (60.0) 9 (69.2)
Part-time 11 (14.1) 8 (16.0) 1 (6.70) 2 (15.4)
Other 31 (39.7) 24 (48.0) 5 (33.3) 2 (15.4)

The variables demonstrate the number of participants in the said category with percent frequency in parentheses. Continuous variables are represented as means + standard deviations.

Significant p-values are indicated with an asterisk (*) and are bolded. The BMI variable was calculated by dividing weight by height squared.
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MIP-1a, MIP-1B, IL-12, IL-15, and TNF-$ showed normal and
homogenous distribution. All other variables were logo-
transformed for parametric analyses.

Correlation analyses results

Using Pearson correlation analyses, the relationship between
DII and biomarkers was found. DII was positively correlated
with TNF-a (r*=0.206, p=0.050) and showed a positive trend
with MDC (r*=0.368, p=0.071). Similarly, the relationship
between DII and pain outcomes was also found. DII was
positively correlated with balance pain (r* = 0.206, p = 0.049) and
chair-stand pain (r*=0.192, p=0.050), with a positive trend
emerging for bed-task pain (r*=0.206, p = 0.073). NADI showed
significant correlation with several biomarkers, such as IL-12p70
("= —0.514, p=0.01), IL-12 (r*=—-0.0449, p=0.028), IL-2
(r* = —0.400, p =0.050), MCP4 (r* = —0.426, p = 0.038), and IL-7
(r* = —0.640, p = 0.001).

NADI group analyses

Complete descriptive statistics of the variables that statistically
differed by the NADI group is provided in Table 2.

Biomarkers and DIl

A significant difference in DII levels [F(2,76)=179.48,
p=0.006] was observed between the NADI groups (high,
medium, low), with the mean averages for the three groups
shown in Figure 1A. Similarly, several biomarkers, such as TNF-
B [F(2,24) =26.84, p=0.036], IP-10 [F(2,74) =25.6, p=0.038)],
and IL-7 [F(2,24)=73.76, p=0.013],
differences across the three NADI groups. The average values

showed significant
for biomarker IL-7 across the three NADI groups are shown
in Figure 1B.

Pain outcomes

Significant differences were observed between the pain
outcomes of gait pain [F(2,76) =3.793, p =0.027], balance pain
[F(2,76) =3.851, p=0.026], and box-lift pain [F(2,76)=5.475,
p=0.006] among the three NADI groups. Trends toward
differences in chair-stand pain [F(2,76) =12.915, p=0.072],
TUG pain [F(2,76) =15.458 p=0.061], and bed-task pain [F

10.3389/fmscd.2025.1601314

(2,76) =2.587, p=0.082] were also noted between the high,
medium, and low NADI groups. Figures 2A-E show the
relationship between the three NADI groups and representative
pain outcomes.

Discussion

Chronic pain is not only increasing in prevalence in society
but also amplifying the social, psychological, and economic
consequences (2, 19). With an ever-increasing population, more
individuals are affected by this crippling and lasting pain,
highlighting the need for more detailed, accessible treatment
plans without harmful side effects (20). Presently, we examined
the associations between SES, dietary inflammatory profile,
blood-based inflammatory biomarker levels, and pain outcomes
in adults with cLBP. This study showed a significant positive
correlation between the inflammatory potential of participants’
diet and the proinflammatory biomarker TNF-a, as well as
movement-evoked pain outcomes, including balance pain, chair-
stand pain, and bed-task pain. Similarly, SES status, as
characterized by the NADI, was associated with higher levels of
several biomarkers: IL-2, IL-7, IL-12, IL-12p70, and MCP4. In
addition, participants with lower SES (indicated by the highest
NADI tertile) demonstrated more proinflammatory dietary
patterns, whereas those with higher SES exhibited the least
proinflammatory diet patterns. Finally, when examining the
difference in means between pain outcomes across our three
SES groups, participants with low SES reported significantly
greater reported movement-evoked pain during gait, balance,
and box-lift tasks. Overall, low SES was associated with
heightened
proinflammatory profile in adults with cLBP—a relationship that
may contribute to more severe outcomes in individuals with

proinflammatory ~ diet  patterns and a

cLBP. Our findings also suggest that interventions aimed at
improving diet quality among socioeconomically disadvantaged
adults may aid in cLBP management.

SES has been historically associated with many adverse health
effects, such as increased morbidity, decreased life expectancy,
infant mortality, and increased pain (21). Individuals with lower
SES tend to have greater pain prevalence and are more sensitive
to noxious stimuli (22, 23). Due to this increased sensitivity, it
was hypothesized that those with higher NADI scores would
report greater pain sensitivity during pain outcome tests like

TABLE 2 ANCOVA statistics for variables statistically differed by NADI groups (« = 95%, p < 0.05).

Medium NADI,
mean (CI)

Dependent

High NADI,

variable mean (Cl)

Low NADI,
mean (Cl) size

Effect Observed

power

DII 1.61 (0.57-2.66) 1.66 (0.92-2.41) 2.33 (1.83-2.82) 179.48 0.006 0.764 0.964
TNEF-B 0.23 (0.16-0.30) 0.21 (0.16-0.26) 0.21 (0.18-0.25) 26.84 0.036 0.717 0.613
IP-10 369.74 (299.53- 360.01 ( 256.78-463.24) 385.93 (326.70- 25.60 0.038 0.578 0.991
439.95) 445.17)
IL-7 6.19 (4.02-8.36) 4.51 (3.01-6.01 4.21 (2.94-5.49) 73.76 0.013 0.803 0.886
Gait pain 7.37 (1.78-12.96) 9.33 (—0.48-19.14) 26.23 (17.59-34.88) 3.793 0.027 0.655 0.909
Balance pain 11.16 (5.27-17.05) 13.61 (0.91-26.31) 29.33 (20.61-38.04) 3.851 0.026 0.713 0.977
Box-lift pain 19.32 (11.41-27.22) 21.83 (8.08-35.59) 35.80 (28.56-43.04) 5.475 0.006 0.625 0.842
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FIGURE 1
(A) DIl scores among the three NADI groups; (B) IL-7 scores among
the three NADI groups.

short-form performance battery tests. Our results mirror prior
literature examining the relationship between individuals living
in deprived communities and their respective pain ratings (18).
Specifically, in our sample, those with lower NADI score tended
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to rate their pain severity higher during movement-evoked tasks
reflecting a variety of everyday activities. SES is generally
considered a non-modifiable risk factor at the individual level,
as changes in its contributors arise from local, national, and
international policies (24), which is not something an individual
has direct control over. Both low and medium SES have been
shown to moderately increase disease risk compared to high SES
(25). Low SES is also associated with more severe pain, greater
pain-related disability, and higher interference (23). Further
examination of the literature has determined a relationship
between chronic pain and SES, indicating that individuals facing
higher levels of poverty are more likely to develop painful
conditions such as cLBP (26). As SES decreases and poverty
increases, access to healthcare decreases, contributing to worse
outcomes (27). Individuals living in areas with lower NADI
scores have also shown higher levels of alcohol abuse, another
Nevertheless, diet
represents an identifiable target of intervention, even among

risk factor for chronic pain (10, ).

individuals in low SES groups. Food insecurity, for example, is
potentially modifiable through food assistance programs such as
the Supplemental Nutrition Assistance Program (SNAP), which
has been shown to have a protective effect against chronic pain
prevalence (28). In addition, educational interventions can help
individuals with limited financial resources improve their
nutrition knowledge and make more informed dietary purchases

(29).

screening for poor diet quality and food insecurity in clinical

Considering these findings, our results suggest that

settings may help healthcare providers identify adults with cLBP
who would benefit from nutrition education and food assistance
programs and, importantly, facilitate their connection to
these resources.

A potential reason for neighborhoods having lower NADI
scores is the presence of limited income or wealth, leaving
residents with little to no buffer when faced with negative health
outcomes (15). Lack of income can also play a role in lifestyle
choices. Maintaining a healthy and active lifestyle is often costly
and time-consuming—resources that may be unavailable to
residents working longer hours to meet household needs.
that

socioeconomic environments tend to have healthier eating

Previous literature  suggests individuals in  higher
patterns, while the opposite is true of those in lower SES contexts
(30). Although healthy foods are not always more expensive, they
often can be, forcing individuals facing poverty to settle for less
expensive options (15). Predominantly low-income sectors of US
communities have significantly higher access to processed fast
food (

restricted income, the diet quality among residents of highly

). Due to food insecurity, limited resources, and

deprived areas may play a key role in the development of chronic
pain conditions such as cLBP. Processed foods are known to be
less expensive, but they do not carry the same nutritional quality
as whole foods. Presently, our results align with the literature in
that dietary quality decreases as NADI increases, as indicated by
more proinflammatory DII scores. High proinflammatory diets
are typically characterized by processed carbohydrates, fats
(specifically saturated and trans fatty acids), and increased alcohol
consumption (32). Diet quality can contribute to inflammation
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through several mechanisms, the most common being elevated
proinflammatory cytokine production, heightened oxidative stress,
and increased sympathetic activity (33).

Inflammation is a normal response driven by the immune
system, typically triggered by infection, allergy, or peripheral
injury (34). During this process, several immune cells, such as
macrophages and neutrophils, release proinflammatory
mediators (35, 36). Of particular interest to this study, TNF-o,
IL-2, IL-7, IL-12, IL-12p70, and MCP4 are inflammatory
molecules associated with pain and NADI outcomes. It is
hypothesized that these mediators can sensitize certain areas,
such as the spinal cord, anterior cingulate cortex, and insula,
contributing to the maintenance of chronic pain (37). Peripheral
and central sensitization contributes to the constant presence of
chronic pain by lowering the threshold of sensory and
interneuron activation and signaling, potentially influencing
what is interpreted by the brain as painful (36). Subsequent
plastic synaptic changes can also lead to an increased neuronal
response in the pain pathway after presentation with a stimulus
that may usually not be perceived as painful (38). If not
addressed, this
components can subsequently lead to hyperalgesia and allodynia
). A Western diet high in

processed foods, refined grains, sweets, and desserts is positively

sensitization of central nervous system

due to signal amplification (39, 40,

correlated with higher levels of proinflammatory cytokines (42).
Oxidative stress occurs when there is an imbalance between the
production and detoxification of reactive oxygen species (ROS),
leading to their accumulation (43). ROS has been shown to
activate several transcription factors that mediate genes involved
in inflammation (44). Similarly, the relationship between diet
and pain has been observed in many studies. An individual’s
hyperalgesia and allodynia have been shown to be influenced by
diet (45), meaning what a person eats can affect their experience
of pain. High-fat diets, a common characteristic of the Western
diet, have been shown to induce mechanical allodynia (46).
Inflammation contributes to hyperalgesia and allodynia by
causing hypersensitive responses to noxious and non-noxious
stimuli (47). Although inflammation-induced hyperalgesia can
have a protective role, prolonged effects can transform this
protection into persistent pain (48). Our results are consistent
with the idea that patients with chronic low back pain who have
higher DII scores also exhibit increased pain sensitivity during
movement-evoked tasks.

Previous literature has shown that inflammation levels are
positively correlated with impoverishment (49). Our results are
consistent with the idea that individuals living in poor-quality
environments are at greater risk for increased inflammation
levels. A lower socioeconomic lifestyle typically carries many
risk factors that can contribute to inflammation, including
stressful life events, lower education, less access to healthcare,
unbalanced diets, less social support, and maladaptive coping
mechanisms (25, 48, 49). Longer hours, physically demanding,
repetitive work, and nighttime shifts are examples of lower
socioeconomic job environments that can increase inflammation
(50). In addition, in our study, individuals with lower SES also
tended to follow more proinflammatory diet patterns, which
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may further influence inflammation and subsequent pain.
Typical unhealthy foods that promote inflammation include
trans fats, refined carbohydrates, omega-6 polyunsaturated fatty
acids (PUFAs), and many others, which are prevalent in the
Western diet (51). However, several dietary interventions have
shown promise in decreasing inflammation. A Mediterranean
diet, characterized by high consumption of fruits, vegetables,
fish, olive oil, nuts, and grains, has demonstrated lower levels of
inflammatory biomarkers (51, 52). The anti-inflammatory diet
(AID) was designed to include ingredients like curcumin and
ginseng, which have significant effects on hyperalgesia and
allodynia (

that
pharmacological, non-surgical way to reduce inflammation and

). In addition, there is evidence to support the

notion dietary interventions are an effective non-

promote recovery (53). Diet plays a major role in the
development of obesity, a proinflammatory state and a
comorbidity in cLBP (54, 55). Greater amounts of adipose tissue
and a poor-quality diet have been shown to activate the immune
system, leading to increased inflammation (45). This increased
inflammation has been associated with not only movement pain
but also more rigid, slower movements (56). Our results align
with previous literature indicating that poverty, lack of income,
and low education contribute to proinflammatory effects.

The results should be interpreted in light of several study
limitations. We acknowledge that using a self-reported 24-h
food recall, there can be much variability; however, it should be
noted that all efforts were made to train research assistants on
how to probe the participant and provide visual aids. Our
sample size was relatively small, and based on convenience, as
only a small portion of participants from the parent study had
complete data for the present analyses. Findings regarding
comparisons among the three SES groups may be quite
conservative, as we had sufficient power only to detect large
effect sizes. Therefore, caution is warranted when interpreting
and generalizing the findings. Data were collected during the
COVID-19 pandemic, which raises the possibility of affecting
our sample. Our pain outcomes were also self-reported, which
could lead to variability despite the use of a standard rating
scale. The NADI was calculated using the current address of
participants, without accounting for the length of residence.
Future research should explore the relationship between the
length of residence and pain outcomes regarding the NADIL In
addition, future research could explore the role of coping
strategies and adverse childhood effects to determine their
impact on pain, dietary behavior, and inflammation when using
diet and NADI as variables of interest. Our research only looked
at pain outcomes, inflammation levels, diet, and SES regarding
chronic low back pain. Future studies should be done using
other chronic pain disorders to assess whether similar results,
including those related to causality, are established. In addition,
research is needed to develop community-based interventions to
improve healthy food access and diet quality among low SES
groups with or at risk for cLBP.

The prevalence of chronic low back pain continues to increase
with an ever-increasing population. Many therapies attempt to
offer relief but only provide acute effects and may cause
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detrimental side effects. Although this study did not directly offer
health benefits, it was done to not only support the goal of
developing specific treatments for subgroups of the population
but also identify risk factors associated with the development of
this disorder to prevent its development altogether. In our
study, the complex relationship between SES and dietary quality
appears to affect inflammation levels and pain outcomes. These
results are imperative moving forward, allowing for targeting
goals toward vulnerable populations. In addition, these findings
may help address specific health disparities related to diet and
environmental risk factors.
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