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Abstract: Chronic low back pain (CLBP) is one of the leading causes of pain and disability in adults

in the United States and disproportionately burdens non-Hispanic Black (NHB) individuals and

females. Approximately 90% of CLBP cases are of unknown cause, and it is imperative that potential

causes be explored. It has been reported that diet quality can influence pain state via diet-induced

inflammation. The present study assessed the relationship between Dietary Inflammatory Index (DII)

and movement evoked-pain severity in people with CLBP and investigated whether race/sex moder-

ated the relationship between DII and movement-evoked pain. Results revealed no significant differ-

ences in DII scores between males and females, or between NHB and non-Hispanic White (NHW)

participants. Participant sex significantly modified the relationship between DII and movement-

evoked pain severity (P = .0155), such that movement-evoked pain severity was significantly impacted

by DII scores in females, but not males. Participant race did not significantly moderate the DII −move-

ment-evoked pain severity relationship. These results suggest that diet-induced inflammation may

impact the CLBP experiences of females to a greater degree than males. Further research is needed to

determine whether dietary interventions that reduce inflammation improve CLBP outcomes and

whether these interventions may be differentially-beneficial based on sex.

Perspective: This article highlights the impact of diet-induced inflammation in a community-based

sample as a whole, as well as stratified in various sociodemographic groups. This work expands our

understanding of the influence of diet on pain experience and suggests that modifications to diet

may be efficacious treatments for reducing chronic pain.

© 2022 by United States Association for the Study of Pain, Inc.
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Introduction
Chronic low back pain (CLBP) is a debilitating pain dis-

order affecting approximately 13.1% (42.6 million) of
the adults in the United States each year.50 Individuals
with CLBP are more likely to be female64 and non-
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Hispanic Black (NHB),13 highlighting differences in the
prevalence of the disorder. The utilization of health
care services by those with CLBP has increased substan-
tially in recent years.27 Previous literature has shown
increases in the number of physician, physical therapist
and chiropractor visits, spinal injections, back surgeries,
and opioid prescriptions within this population.6 How-
ever, because the vast majority of those with CLBP do
not have an identifiable cause (non-specific CLBP),23

these treatments are often ineffective, are accompanied
by side effects, and/or simply mask the issue rather than
provide a solution. Thus, it is imperative that research
continue to explore factors that can predispose or exac-
erbate non-specific CLBP to highlight potential avenues
for treatment.
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In addition to a long history of natural substances
being utilized to alleviate pain (ie, the opium poppy,
willow bark, and coal tar),54 other aspects of daily living
can exacerbate pain. One of the primary means to
directly influence inflammatory pathways is through
the diet and the interaction of dietary elements with
the immune system. Elements of a Standard American
Diet (SAD), such as excess consumption of carbohy-
drates, calories, and saturated fats, have all been impli-
cated in pro-inflammatory processes. Previously, we
have shown that the SAD is associated with increased
immune system activation, inflammation and pain
sensitivity,59,61 and that dietary intervention is an effec-
tive method of reducing pain.57,58

We have recently reported that poor-quality dietary
patterns increase the relative risk for pain in a nation-
wide epidemiological sample of Americans.56 In con-
trast to traditional studies investigating specific
nutrients and their impact on diseases, this method
takes the complex interactions of various diet elements
into account to examine their impact on pain. The Die-
tary Inflammatory Index (DII) is a novel assessment of
diet pattern meant to provide a literature-derived,
population-based index to compare diverse popula-
tions on the pro- and anti-inflammatory nature of their
diets.48 Using a robust literature base, standardized
individual intakes, and global intake norms, the DII is a
reflection of eating habits used in many epidemiologi-
cal and clinical studies. Given our previous work56-59,61

and the relationships noted between diet, inflamma-
tion, and pain, as well as the disparities seen among
sociodemographic groups,4,12,40 we employed the DII
in our CLBP population to categorize diet patterns and
the impact of these diets on movement-evoked pain.
The goal of the current project was to determine
whether the diet consumed by participants contributed
to pain sensitivity (as assessed by DII). We hypothesized
that DII scores would affect pain sensitivity measures
and that the impact of DII would be moderated by
both race and sex.
Methods

Participants
This study was part of an ongoing parent project

investigating ethnic/racial and socioeconomic differ-
ences in CLBP severity and disability (Examining
Racial And SocioEconomic Disparities in CLBP;
ERASED). The parent project employs a biopsychoso-
cial conceptual rubric that examines biobehavioral,
psychological, and sociocultural factors that may help
explain differences in CLBP between NHB and non-
Hispanic White (NHW) adults.2,62 The procedures and
experimental methods described below are limited to
those involved in the current research study. Study
participants were recruited via flyers posted at Uni-
versity of Alabama at Birmingham (UAB)-affiliated
pain treatment clinics and the surrounding commu-
nity. Participants presented to the Biobehavioral Pain
Research Laboratory (PI: Goodin) for study
participation. A description of the study protocol was
provided to each participant prior to obtaining their
informed consent. A project coordinator screened
participants, while both pre-doctoral and undergrad-
uate research assistants were responsible for collec-
tion of data. Potential participants were first
evaluated via telephone screen and medical record
review. Participants were considered eligible if his/
her back pain persisted for at least 3 consecutive
months and resulted in pain for at least half the days
in the past 6 months. Additionally, participants were
only deemed eligible if he/she had not undergone a
surgical intervention or experienced an accident/
trauma within the past 12 months, in addition to
other stringent inclusion/exclusion criteria that have
been cited elsewhere.40 On the day of arrival, partici-
pants were given a coronavirus disease 2019 (COVID-
19) screening form and temperature check, blood
pressure and heart rate assessment. Participants with
a temperature above 100.4 F, blood pressure over
150/95 (systolic/diastolic, mmHg), and/or had been
exposed to COVID-19 were asked to seek medical
attention and reschedule. Because of the short, cross-
sectional nature of the study, the COVID-19 pan-
demic had minimal, if any, effects on participant
retention. Height (m) and weight (kg) were measured
prior to the administration of the 24-hour Food
Recall, as well as a sociodemographic questionnaire
that requested information about age, race, sex, and
annual household income. We have previously used
the Area Deprivation Index (ADI) to assess our pain-
related outcomes for our participants.24 With our
exploratory analysis, we found no impact of ADI on
any of our variables. The ADI did not vary as a func-
tion of DII, race, or sex, suggesting that our partici-
pant population were relatively homogenous with
respect to this variable. Thus, income and education
were included independently as continuous ordinal
variables. Race and sex were self-reported, and
options were given to allow participants to choose as
many options as they deemed appropriate. Alterna-
tively, they also had the opportunity to write in their
own option for both race and sex. A timeline of
events of the current study can be seen in Fig 1.
Upon study completion, participants received mone-
tary compensation of $400 USD. All procedures were
reviewed and approved by the UAB Institutional
Review Board and carried out in a manner consistent
with ethical research guidelines as outlined in the
Declaration of Helsinki.
Dietary Assessment
Study personnel were trained to properly deliver a 24-

hour Food Recall to participants. Visual aids such as
measuring cups, measuring spoons, and various stan-
dardized containers were provided to aid in accuracy of
reporting portion sizes. Participants were asked to list,
in detail, all food, beverages, condiments, and supple-
ments that they consumed 24 hours prior to completing
pain testing, as well as the amount consumed and the



Figure 1. Schematic of the timeline events of the present
study.
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location of consumption. The data from the 24-hour
Food Recalls were entered into the Nutrition Database
System for Research (NDSR) (University of Minnesota,
Minneapolis, MN).17 Nutrition reports containing
detailed macronutrient and micronutrient intake were
generated and used to calculate the DII for each partici-
pant.
The DII parameters were estimated as previously

described.48 In short, based on the available dietary
intake data available for each participant, a z-score was
calculated for each of the food parameters and con-
verted to a centered percentile, based on the world
average and standard deviation. The centered percen-
tile value for each food parameter was then multiplied
by its respective overall food parameter-specific inflam-
matory effect score to obtain the food parameter-
specific DII score. Finally, all of the food parameter-spe-
cific DII scores were summed to create the overall DII
score for each participant. For the current study, the fol-
lowing food parameters were used to calculate each
participants DII scores: alcohol, vitamin B12, vitamin B6,
beta-carotene, caffeine, carbohydrate, cholesterol, calo-
ries/energy, total fat, fiber, folic acid, iron, magnesium,
monounsaturated fatty acids (MUFA), niacin, omega-3
fatty acids, omega-6 fatty acids, protein, polyunsatu-
rated fatty acids (PUFA), riboflavin, saturated fat, thia-
min, trans fat, vitamin A, vitamin C, vitamin D, vitamin
E, zinc, and isoflavones.
Movement-Evoked Pain Testing
Bed Task and Box Lift Assessments. In order to assess

pain while completing daily tasks, participants were
asked to rate their pain in their lower back getting into
and getting out of a bed that was 0.9 m in height. Par-
ticipants were then asked to rate the pain in their lower
back while lifting a weighted box (4 kg for females, and
6.3 kg for males) from the floor onto the bed, and then
back to the floor. The 0 to 100 numeric rating scale was
utilized for this purpose (pain: 0 = no pain and
100 = most intense pain imaginable; difficulty: 0 = not
difficult at all and 100 = unable to perform).
The Short Physical Performance Battery (SPPB). The

SPPB assesses lower extremity function with 3 move-
ment tasks: standing balance, 4-meter walking speed,
and ability to rise from a chair.20 Specifically, partici-
pants completed the following movement tasks in con-
secutive order: 1) Stand with their feet oriented in the
side-by-side, semi-tandem, and tandem positions for 10
seconds each (standing balance); 2) Rise from, and
return to, a seated position in a chair 5 times (repeated
chair stands); and 3) Walk a distance of 4 m, twice
(GAIT). For each movement, they received a score of 0 to
4 (total score 0−12) based on their performance. If par-
ticipants did not feel comfortable completing any of the
SPPB tasks, they were given a score of zero. A lower
score on the SPPB is indicative of poorer physical func-
tion, and greater likelihood of disability. After comple-
tion of each movement task, participants were asked to
provide a pain intensity rating for any movement-
evoked pain experienced during completion of the bal-
ance, chair, and walking tests. The 0 to 100 numeric rat-
ing scale was utilized for this purpose as before. The
SPPB is standardized and has been well validated for use
in populations with CLBP.33

Timed Up and Go (TUG). The TUG task is a Centers
for Disease Control-derived assessment to assess
mobility.43 Participants were instructed to sit in a
standard armchair, wear their regular footwear and
use their walking aid if needed. A line on the floor
was marked with tape 3 m away. Upon commence-
ment, the participant was to stand up from the chair,
walk to the line on the floor at their normal pace,
turn around, walk back to the chair and sit down
again. The experimenter used a stopwatch to mea-
sure the time it took for the participant to initiate
movement to sitting back down in the seat



Table 1. Characteristics of Participants Used in Analysis

VARIABLE PARTICIPANTS (N = 78)*

(%)

DII MEAN § STANDARD DEVIATION

Sex

Female 42 (53.8) 2.54 § 1.77

Male 36 (46.2) 2.12 § 1.84

Race

Black 46 (60.0) 2.51 § 1.82

White 32 (40.0) 2.11 § 1.78

Age 44.25 § 12.48 -

Caloric Intake (kcal/day) 1582.58 § 837.11 -

Income

Above Poverty Line 46 (60.0) 1.91§ 1.80

Below Poverty Line 30 (38.5) 2.87 § 1.64

Education

College Graduate and above 27 (34.6) 1.84 § 2.05

Partial College and below 51 (65.4) 2.61 § 1.61

*Note: Variables are displayed with the number of participants in each category with percent frequency of sample in parentheses. Continuous variables presented
with mean§ standard deviations, not frequencies.
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completely. After completion of the task, participants
were asked to provide a pain intensity rating for any
movement-evoked pain experienced during comple-
tion using the 0 to 100 numerical rating scale.
Statistical Analysis
Due to the nature of the hypotheses and our previous

work, all analyses were carried out with race and sex as
variables. T-tests were performed to observe any differ-
ences in DII scores. Moderation analyses using linear
regression were also performed with DII as the indepen-
dent variable, pain sensitivity ratings for the tasks as the
outcome variables, and race or sex as the moderator.
Due to the biopsychosocial nature of pain, it was also
important to control for covariates that have also been
documented to influence the pain experience to gain a
better understanding of the impact of DII score on pain
outcomes.28,29,42 Thus, covariates considered were age,
sex, race, caloric/energy intake, education and income.
Three statistical models were utilized for each pain/diffi-
culty rating; Model 1 contains DII as the sole covariate,
Model 2 contains DII, sex, and the interaction between
DII and sex adjusting for race, age, and caloric intake,
Model 3 contains all elements of Model 2, but also
adjusts for education and income. The 3 statistical mod-
els were repeated for each pain/difficulty rating with an
interaction between DII and race instead of sex. From
our sample size, a post-hoc power analysis containing
all variables of interest from the parent study deter-
mined that we could detect a medium to large effect
size with power of 80%. Covariates were not included
in the a priori power analysis due to the nature of the
research question and were later added to control for
biased parameter estimates. The obtained R2 values
indicate medium effect sizes for most of the interaction
analyses. The remaining analyses were adequately pow-
ered for multiple regression with 6 predictors at .80,
medium effect, and two-tailed. All analyses performed
using SAS 9.4 (SAS Institute, Cary, NC).
Results

Participants
The sample included 78 participants, of whom 53.8%

were female and 60% were NHB. Sixty percent of the
participants had income above the poverty line, and
34.6% were college graduates or higher. The average
age of the sample was 44.25 years (§ 12.48 years), with
average caloric intake of 1582.58 kcals/day (§ 837.11
kcals/day). DII means (§ standard deviations), based on
sociodemographic groups can be seen in Table 1.
Moderation Analyses
DII, sex and pain outcomes. A linear regression model

was used to investigate whether the association between
DII and pain outcomes varied by sex. After completion of
moderation analyses accounting for all covariates, there
were significant interactions between sex and DII in the
movement-evoked pain tasks, with females reporting
greater increases of pain scores per 1 unit change in DII,
compared to males. For example, in the Bed Task, the
interaction between sex and DII was significant
(bfemale = 5.80, 95% CI 1.23, 10.37; bmale= -1.86, 95% CI
-6.99, 3.27; pinteraction = 0.0155) suggesting that for every
1 unit increase in DII score, there was a 5.8-point increase
in pain intensity scores for females and a -1.86-point
decrease for males (see Fig 2). The same pattern held for
the Box Lift Task pain scores, GAIT pain scores, Balance
Test pain scores, Chair Stand pain scores, and TUG pain
scores, with females consistently reporting higher b

scores than males, though some tasks did not reach sig-
nificance. Changes in pain rating and difficulty for every
1-unit increase in DII by sex for all of the tasks can be
seen in Tables 2 and 3, respectively. Overall, it is appar-
ent that the association between DII and pain/difficulty
scores varies by sex, with females showing the greatest
impact of DII scores on pain, when compared to males.

DII, race and pain outcomes. There were no statisti-
cally significant interactions to report between DII and



Figure 2. Representative graphs of (A) Effect of DII on pain
scores; (B) Effect of DII on pain scores, stratified by sex with an
interaction; and C. Effect of DII on pain scores stratified by race
with no interaction.
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race on the pain or difficulty scores for any task.
Changes in pain or difficulty rating and for every 1-unit
increase in DII by race can be seen in Tables 4 and 5,
respectively. Overall, it is apparent that the association
between DII and pain/difficulty scores does not vary by
race in our sample.
Discussion
Chronic pain is a significant problem in Western soci-

ety that differentially affects distinct sociodemographic
groups.10,13,15,36 Here, we showed that, in a sample of
individuals with CLBP, increases in DII were associated
with increased pain scores in various movement-evoked
pain tasks. In addition, the DII scores differentially
impacted pain experienced from evoked tasks based
on sex with females showing greater impacts of
diet on pain experience. We,4,12,52,53,55 and
others,18,30,34,35,37,45,46 have shown sex differences in
pain processing in rodents and humans, but this is the
first assessment of the DII on movement-evoked pain.
The DII is a population-based, empirically derived index
that evaluates the potential pro- or anti-inflammatory
effects of dietary intake. Unlike the Healthy Eating
Index, the United States Dietary Guidelines, or the Die-
tary Approaches to Stop Hypertension (DASH) scores,
the DII was designed to incorporate research from
diverse populations using an array of study designs and
assessment tools.65 While the foods influencing an indi-
vidual’s personal DII score will be unique, in general,
consuming foods containing high amounts of refined
carbohydrates, alcohol, saturated and trans fats will
contribute to more positive, pro-inflammatory scores.
On the other hand, foods containing high amounts of
bioflavonoids, fiber, vitamins, minerals and healthy
PUFAs will contribute to a more negative, or anti-
inflammatory, score. The net positive/negative score is
representative of greater consumption of either pro- or
anti-inflammatory foods. Complete details describing
the statistical methods deriving the DII, including foods
and weighting properties, can be found elsewhere as
outlined by the original authors.22 Studies have shown
that the 1-unit DII changes are reflective of differences
seen in inflammatory biomarkers and other health-
related outcomes1,25,31,47,49 strengthening the validity
of this measure.
The relationship between pain and diet is well-docu-

mented, and there are many elements of the diet that
have been reported to activate immune cells and trigger
an inflammatory response.41,60 Excess dietary oils and
fatty acids have been shown to participate in lipid oxi-
dation, leading to reactive oxygen species (ROS) and
subsequent inflammation.21 Omega-6 PUFAs, such as
linoleic and arachidonic acid are precursors for inflam-
matory prostaglandins,5 and are more often consumed
in much higher amounts than anti-inflammatory
omega-3 fatty acids.7 Excess carbohydrates increase the
presence of Advanced Glycation End Products (AGEs)
that bind to immune cells and stimulate a pro-inflam-
matory response.11 For illustration, subjects fed a carbo-
hydrate-rich breakfast showed significant increases in
oxidative stress only hours later.14 In addition, male sub-
jects who consumed a carbohydrate-rich diet for 1 week
showed elevated markers of oxidative stress.8 ROS pro-
duced from metabolism have also been shown to bind
to the transient receptor potential cation channel sub-
family A member 1 (TRPA1) receptor, directly stimulat-
ing pain-sensing nociceptors.38 Together, dietary intake
can have a pro-inflammatory effect on the body that is
meant to be captured in the DII scores. However, there
are other biopsychosocial factors influencing diet and
metabolic response to nutrients that could explain some



Table 2. Estimated Change in Pain Rating for a 1-Unit Increase in DII by Sex

TASK MODEL* OVERALL (95% CI) DII P-VALUE MALE (95% CI) FEMALE (95% CI) INTERACTION P-VALUE R2

Bed Task Model 1 3.76 (.51,7.01) .024 - - - .067

Model 2 - - -.57 (-5.52,4.38) 6.97 (2.53,11.42) .0268 .122

Model 3 - - -1.55 (-6.51,3.41) 6.27 (1.87,10.67) .012 .277

Model 4 - - -1.86 (-6.99,3.27) 5.80 (1.23,10.37) .0155 .290

Box Lift Model 1 3.10 (-.08,6.29) .056 - - - .054

Model 2 - - .62 (-4.05,5.29) 6.24 (1.73,10.74) .0885 .110

Model 3 - - .35 (-4.43,5.14) 6.23 (1.79,10.7) .0514 .274

Model 4 - - .20 (-4.71,5.11) 5.83 (1.26,10.4) .0616 .287

Balance Test Model 1 4.6 (1.07,8.11) .0112 - - - .062

Model 2 - - 2.25 (-2.87,7.38) 6.00 (1.18,10.81) .2922 .105

Model 3 - - 1.39 (-3.96,6.73) 4.72 (-.12,9.55) .3124 .248

Model 4 - - .90 (-4.63,6.43) 4.43 (-.57,9.42) .2905 .249

GAIT Model 1 3.07 (-.48,6.62) .0892 - - - .032

Model 2 - - -1.19 (-6.35,3.98) 6.68 (1.83,11.53) .0299 .101

Model 3 - - -2.03 (-7.47,3.41) 6.47 (1.56,11.4) .0129 .224

Model 4 - - -2.40 (-8.07,3.26) 6.11 (0.99,11.23) .0145 .230

Chair Stand Model 1 3.59 (-.06,7.23) .0538 - - - .039

Model 2 - - 1.08 (-4.23,6.38) 5.44 (-.62,10.25) .2286 .140

Model 3 - - -0.58 (-6.08,4.93) 4.89 (-.09,9.88) .115 .228

Model 4 - - -1.26 (-6.97,4.44) 4.42 (-.76,9.61) .1054 .236

TUG Model 1 1.9 (-1.48,5.29) .2655 - - - .012

Model 2 - - -1.06 (-6.04,3.92) 4.78 (.11,9.46) .0925 .088

Model 3 - - -.72 (-6.06,4.61) 5.12 (.29,9.95) .0775 .168

Model 4 - - -.58 (-6.09,4.93) 5.10 (.11,10.08) .0897 .19

*All models use linear regression with pain rating as the outcome. Model 1 contains DII as the sole covariate. Model 2 contains DII, Sex, and an interaction term
between sex and DII. Model 3 contains DII, Sex, and the interaction between DII and Sex adjusting for race, age, and calorific intake. Model 4 contains all elements of
Model 2, but also adjusts for education and income.

Table 3. Estimated Change in Difficulty Rating for a 1-Unit Increase in DII by Sex

TASK MODEL* OVERALL (95% CI) DII P-VALUE MALE (95% CI) FEMALE (95% CI) INTERACTION P-VALUE R2

Bed Task Model 1 5.18 (1.49,8.86) .007 - - - .097

Model 2 - - 2.58 (-2.97,8.14) 7.84 (2.85,12.84) .1650 .135

Model 3 - - 1.78 (-3.90,7.48) 7.47 (2.46,12.49) .1078 .296

Model 4 - - 1.32 (-4.43,7.07) 6.67 (1.57,11.78) .1292 .313

Box Lift Model 1 3.06 (-.17,6.3) .0626 - - - .047

Model 2 - - .59 (-3.97,5.15) 5.93 (1.54,10.33) .097 .123

Model 3 - - -.76 (-5.42,3.89) 4.91 (0.62,9.21) .054 .308

Model 4 - - -1.27 (-6.16,3.23) 4.30 (-0.07,8.67) .046 .326

Balance Test Model 1 2.82 (-.62,6.26) .1064 - - - .035

Model 2 - - .66 (-4.33,5.66) 5.34 (0.65,10.04) .178 .088

Model 3 - - -.72 (-5.78,4.33) 4.21 (-0.34,8.77) .1166 .293

Model 4 - - -1.26 (-6.34,3.81) 3.19 (-1.40,7.78) .148 .323

GAIT Model 1 3.74 (.92,6.57) .01 - - - .059

Model 2 - - 1.36 (-2.62,5.34) 4.89 (1.15,8.63) .2035 .110

Model 3 - - 1.28 (-2.97,5.53) 4.25 (.41,8.10) .2573 .257

Model 4 - - .23 (-3.96,4.41) 3.38 (-.41,7.16) .2133 .291

Chair Stand Model 1 3.14 (-.33,6.62) .0753 - - - .031

Model 2 - - 1.82 (-3.34,6.97) 3.91 (-.76,8.59) .5502 .103

Model 3 - - -.03 (-4.98,4.91) 3.21 (-1.27,7.69) .2953 .300

Model 4 - - -.49 (-5.66,4.69) 2.86 (-1.84,7.56) .2896 .302

TUG Model 1 2.65 (-.27,5.58) .0746 - - - .042

Model 2 - - 2.17 (-2.12,6.47) 3.61 (-.43,7.64) .6289 .074

Model 3 - - 1.37 (-3.00,5.73) 2.87 (-1.06,6.81) .577 .276

Model 4 - - .81 (-3.67,5.30) 2.86 (-1.19,6.91) .4494 .285

*All models use linear regression with difficulty rating as the outcome. Model 1 contains DII as the sole covariate. Model 2 contains sex, DII, and an interaction
between sex and DII. Model 3 contains DII, Sex, and the interaction between DII and Sex adjusting for race, age, and calorific intake. Model 4 contains all elements of
Model 2, but also adjusts for education and income.
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Table 4. Estimated Change in Pain Rating for a 1-Unit Increase in DII by Race

TASK MODEL* OVERALL (95% CI) DII P-VALUE BLACK (95% CI) WHITE (95% CI) INTERACTION P-VALUE R2

Bed Task Model 1 3.76 (.51,7.01) .024 - - - .067

Model 2 - - 4.52 (0.36,8.69) .74 (-4.49,5.99) .2641 .138

Model 3 - - 4.37 (-.16,8.89) .79 (-4.54,6.12) .2736 .206

Model 4 - - 4.11 (-.58,8.81) .19 (-5.33,5.70) .2398 .225

Box Lift Model 1 3.10 (-.08,6.29) .056 - - - .054

Model 2 - - 3.74 (-.39,7.88) 2.10 (-2.74,6.93) .6071 .158

Model 3 - - 3.88 (-.62,8.38) 3.16 (-1.89,8.20) .8157 .24

Model 4 - - 3.97 (-.68,8.62) 2.36 (-2.83,7.56) .6102 .254

Balance Test Model 1 4.6 (1.07,8.11) .0112 - - - .062

Model 2 - - 5.46 (1.09,9.83) .68 (-4.56,5.92) .1688 .174

Model 3 - - 5.32 (.57,10.06) .40 (-5.03,5.83) .1401 .251

Model 4 - - 4.81 (-.12,9.74) .16 (-5.52,5.84) .1751 .253

GAIT Model 1 3.07 (-.48,6.62) .0892 - - - .032

Model 2 - - 3.58 (-.90,8.06) .67 (-4.70,6.05) .4107 .140

Model 3 - - 3.91 (-1.15,8.98) 1.11 (-4.69,6.91) .4289 .171

Model 4 - - 3.64 (-1.64,8.92) 0.64 (-5.44,6.73) .412 .180

Chair Stand Model 1 3.59 (-.06,7.23) .0538 - - - .039

Model 2 - - 3.12 (-1.84,8.15) 2.47 (-3.03,7.97) .8601 .072

Model 3 - - 2.57 (-2.53,7.66) 2.36 (-3.29,8.02) .9541 .204

Model 4 - - 1.89 (-3.46,7.24) 1.95 (-3.93,7.84) .9861 .212

TUG Model 1 1.9 (-1.48,5.29) .2655 - - - .012

Model 2 - - 2.68 (-1.74,7.09) -.59 (-5.89,4.71) .3478 .089

Model 3 - - 3.96 (-.90,8.81) .61 (-4.94,6.17) .325 .146

Model 4 - - 4.09 (-.92,9.10) .53 (-5.23,6.30) .3046 .173

*All models use linear regression with pain rating as the outcome. Model 1 contains DII as the sole covariate. Model 2 contains DII, race, and an interaction term
between DII and race. Model 3 contains DII, race, and the interaction between DII and race adjusting for sex, age, and calorific intake. Model 4 contains all elements
of Model 2, but also adjusts for education and income.

Table 5. Estimated Change in Difficulty Rating for a 1-Unit Increase in DII by Race

TASK MODEL* OVERALL (95% CI) DII P-VALUE BLACK (95% CI) WHITE (95% CI) INTERACTION P-VALUE R2

Bed Task Model 1 5.18 (1.49,8.86) .007 - - - .097

Model 2 - - 6.72 (2.24,11.20) 1.22 (-4.42,6.95) .1321 .221

Model 3 - - 6.99 (2.11,11.88) 1.91 (-3.85,7.67) .151 .281

Model 4 - - 6.78 (1.80,11.77) .84 (-5.02,6.70) .0953 .317

Box Lift Model 1 3.06 (-.17,6.3) .0626 - - - .047

Model 2 - - 4.06 (0.08,8.05) 0.94 (-3.71,5.59) .3125 .193

Model 3 - - 3.25 (-1.02,7.51) 0.94 (-3.85,5.72) .4333 .276

Model 4 - - 2.96 (-1.49,7.40) 0.01 (-4.95,4.97) 0.3287 .298

Balance Test Model 1 2.82 (-0.62,6.26) .1064 - - - .035

Model 2 - - 4.73 (.48,8.98) -.89 (-5.99,5.23) .0955 .162

Model 3 - - 4.62 (0.18,9.06) -1.00 (-6.08,4.08) .0729 .295

Model 4 - - 3.66 (-0.85,8.16) -2.17 (-7.36,3.02) .0641 .331

GAIT Model 1 3.74 (0.92,6.57) .01 - - - .059

Model 2 - - 4.27 (0.87,7.68) .32 (-3.76,4.40) .1427 .174

Model 3 - - 4.80 (1.04,8.56) .38 (-3.93,4.68) .0948 .258

Model 4 - - 3.80 (0.08,7.52) -.55 (-4.84,3.73) .093 .300

Chair Stand Model 1 3.14 (-.33,6.62) .0753 - - - .031

Model 2 - - 4.07 (-0.54,8.68) .01 (-5.04,5.06) .2398 .136

Model 3 - - 3.20 (-1.29,7.70) -.04 (-5.01,4.95) .3029 .301

Model 4 - - 2.74 (-2.00,7.50) -.33 (-5.55,4.90) .3429 .304

TUG Model 1 2.65 (-.27,5.58) .0746 - - - .042

Model 2 - - 4.01 (.47,7.54) -.28 (-4.52,3.96) .1263 .204

Model 2 - - 4.08 (.26,7.90) -0.02 (-4.39,4.35) .1273 .296

Model 4 - - 3.75 (-.21,7.71) -0.57 (-5.13,4.00) .1174 .31

*All models use linear regression with difficulty rating as the outcome. Model 1 contains DII as the sole covariate. Model 2 contains DII, race, and an interaction
between DII and race. Model 3 contains DII, race, and the interaction between DII and race adjusting for sex, age, and calorific intake. Model 4 contains all elements
of Model 2, but also adjusts for education and income.
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of the differences seen within varying sociodemo-
graphic groups.
In addition to pro-inflammatory effects, a diet can

have anti-inflammatory effects as well. Studies examin-
ing a Mediterranean diet have shown that this diet pat-
tern can reduce markers of inflammation in obese
individuals16 and in patients with osteoarthritis63 or
rheumatoid arthritis.32,51 Interestingly, 1 study found
that the patients on a Mediterranean diet showed sig-
nificant reductions in inflammatory markers prior to
weight loss,44 suggesting that the diet itself was respon-
sible. In our previous clinical trial of adults with knee
pain, we showed that a low-carbohydrate diet reduced
daily self-reported pain, evoked pain, and oxidative
stress, independent of weight loss.57 These data support
our hypothesis that diet quality, and not weight loss,
has the greatest impact on functional measures of pain,
a finding reinforced by a meta-analysis.51 Thus, the link
between dietary intake, inflammation/oxidative stress
and pain experience is strengthened.
Here we showed that the relationship between sex and

pain could be, in part, moderated by diet. Interestingly,
DII scores did not significantly differ between males and
females despite differential impacts on experienced pain.
Given the known differences in various biological systems
between males and females, it is possible that the ways
in which males and females process and respond to die-
tary metabolites may be driving underlying effect of diet.
for example, differences in the make-up of the gut micro-
biome between males and females have been reported,
even when they follow the same dietary pattern.9 These
differences in the gut can lead to different metabolic
responses and by-products of food stuffs, potentially
activating the immune system in distinct ways.26 We
have documented sex differences related to pain
processing53,54 and it is possible that females may be
more susceptible to environmental immune system trig-
gers. In this case, differences in the make-up of the gut
microbiome and subsequent metabolic products of
nutrients could be enough to activate the immune system
and exacerbate inflammation and pain.39

In the context of race, there is literature that suggests
that food intake varies between racial groups,19 but it
should be noted that these data can vary based on the
study location. In the present study, the sample
populations did not differ in their intake of macronu-
trients (data not shown), and DII scores were comparable
between NHWs and NHBs. Unlike males and females,
who show metabolic differences to similar diet patterns,
the literature is lacking in physiological differences in
response to dietary patterns between racial groups, as
most research focuses primarily on food-choice behavior.3

There are a number of factors that may have impacted
our findings. There is variability in recollection and
reporting when using a 24-hour Food Recall to collect
dietary information. While we enacted measures to
minimize these effects (ie, standardized tools and con-
tainers to help measure portion sizes), we acknowledge
that any self-reported food intake questionnaire is sub-
ject to variability. Our sample included only 2 racial
groups and 2 sexes. Future studies should endeavor to
increase the diversity of the sample to include more
racial groups, as well as sexual minority groups. In addi-
tion, examining the impact of DII scores on movement-
evoked pain in other chronic pain conditions will assess
the generalizability of the relationships. Finally, while
the COVID-19 pandemic did not seem to impact study
retention, we acknowledge that it may have affected
the diversity of our sample as various individuals may
not have been able to participate for a variety of rea-
sons (eg, at-risk individuals, frontline workers).

CLBP is a devastating and highly debilitating painful
disorder that affects a large number of individuals in
the United States. We have shown a relationship
between diet patterns and risk for pain.56 Our current
data support the notion that dietary quality may have
an effect on pain outcomes in CLBP and that these out-
comes may differentially affect individuals based on sex.
Thus, it is important for clinicians to include an assess-
ment of dietary patterns when treating patients, as diet
may be working counter to treatments. Furthermore,
alterations to anti-inflammatory diets may substantially
reduce movement-evoked pain, as seen in our earlier
work.57 Importantly, diets are a highly-modifiable factor
that contribute directly to health and, in the case of
anti-inflammatory diets, may be accompanied by reduc-
tions in pain, inflammation, metabolic risk and cardio-
vascular risk factors. Together, the clinical significance
of dietary alteration can have a major impact on health
and well-being.
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