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ABSTRACT
Objective: The objective of this study was to explore the association between cognitive impairment and spinal pain in
the older population in the United States.
Methods: We undertook a secondary analysis of cross-sectional data from the 1999 to 2000 and 2001 to 2002
National Health and Nutrition Examination Survey. The pooled data included a representative sample (n = 2975) of
older adults (aged 60-85 years) in the United States. Cognitive impairment was assessed through the Digit Symbol
Substitution Test. Spinal pain was defined with a multisite definition, including both nonspecific low back pain and
neck pain present in the past 3 months. To account for the complex sampling design, logistic regression was performed
using Taylor linearized variance estimation to compute weighted measures of associations.
Results: For older adults with spinal pain, the proportion of cognitive impairment increased with age, from 32.64% in
the 60 to 64 age group to 93.83% in the 80 to 84 age group, which was also statistically significantly higher than the
general population group and the group without spinal pain (P < .001). After controlling for demographic
characteristics, socioeconomic status, and general health status, older adults with spinal pain had significantly
increased odds of cognitive impairment (odds ratio 1.76, 95% confidence interval: 1.12, 2.79). Vulnerable subgroups
(older, female, and less education) were identified.
Conclusion: There was a significant association between cognitive impairment and spinal pain in the older adult
population in the United States. Within this population, there were vulnerable subgroups for which spinal pain and
cognitive impairment had a greater impact, namely people who are older, female, and those with less education. (J
Manipulative Physiol Ther 2025;00;1-12)

Key Indexing Terms: Back Pain; Neck Pain; Spine; Cognitive Function; Comorbidity; Ageing
ccupational and Environmental Health, University of California Irvine, Irvine, California.
of Neurology, University of California Irvine, Orange, California.
blic Health Studies, Thompson School of Social Work & Public Health, University of Hawai’i Manoa, Honolulu,

of Clinical Education, Canadian Memorial Chiropractic College, Toronto, Ontario, Canada.
ased Integrated Primary Care Health Centers, Stanford Health Care, National University of Health Sciences,
rnia.
Chiropractic, School of Health, Medical and Applied Science, CQUniversity, Brisbane, QLD, Australia.
author. Katie de Luca, MChiro, PhD, 24 Salmon Circuit, South West Rocks, NSW 2431, Australia.
cqu.edu.au).

ed May 23, 2025; in revised form July 3, 2025; accepted July 6, 2025.

tional University of Health Sciences. This is an open access article under the CC BY license
mmons.org/licenses/by/4.0/)
/10.1016/j.jmpt.2025.07.001

mailto:k.deluca@cqu.edu.au
http://creativecommons.org/licenses/by/4.0/
https://dx.doi.org/10.1016/j.jmpt.2025.07.001


ARTICLE IN PRESS
Yang et al Journal of Manipulative and Physiological Therapeutics
Cognitive Impairment and Spinal Pain 2025

2

TAGGEDAPTARAH1INTRODUCTION

Spinal pain is common, with a lifetime prevalence
reported between 54% and 80%.1 Spinal pain imposes a
substantial socioeconomic burden on society and individu-
als.2-4 In the United States, low back and neck pain have
the highest level of health cost spending of any specific
health condition, at $134.5 billion annually.5 Prevalence of
spinal pain and related disability peak in older adults,6 and
20% of older adults with low back pain report difficulties
in fundamental activities of daily living.7 Research on dis-
abilities related to spinal pain has focused on functional dis-
abilities with few studies giving attention to exploring the
relationship between cognitive impairment may have with
spinal pain.8 Spinal conditions such as low back pain4 and
neck pain9 remain as major contributors to disability glob-
ally and cognitive impairment, as an intermediate stage
between normal aging and dementia, has a significantly ris-
ing global prevalence.10

Cognitive function includes mental capacities, such as
attention, learning, decision-making, problem-solving, rea-
soning, and memory.11 Mild cognitive impairment
increases with age, rising from a prevalence of 6.7% in
those aged 60 to 64 years to 25.2% in those aged 80 to
84 years.12 A body of studies indicates that increasing cog-
nitive deficits is a normal process of aging, with age-related
cognitive changes including altered neuronal structure, loss
of synapses, and dysfunctional neuronal networks.13,14 In
the field of chronic pain and cognition, one theory suggests
that there is a biophysiological link between chronic pain
and cognitive impairment15,16 and that pain is seen as a
strong cognitive experience. When pain becomes chronic,
this experience may use limited cognitive resources, result-
ing in impairment of normal cognition.16 This hypothesis is
based on a tripartite model of pain composed of sensory/
discriminative, affective/motivational, and cognitive/evalu-
ative dimensions, which was developed by Melzack and
Casey17 about 50 years ago.

Clinical research has reported an association between
cognitive impairment and chronic low back pain.18-20 One
study from Australia found that compared a small sample
of patients with chronic low back to age and gender-
matched healthy controls, where patients with chronic low
back pain performed significantly worse on cognitive test-
ing.16 A study from Germany reported decreased spatial
memory capacity, inflexibility for concept change, and
impaired working memory in patients with chronic low
back pain who received opioid treatment, compared with
healthy controls.17 In a study from Japan, over 1/3rd of
patients with lumbar spinal stenosis had symptoms of mild
cognitive impairment and deterioration of quality of life.18

The populations in these clinical studies were middle-aged
adults who were receiving treatment for their spinal pain. A
study based on data from the 2016 to 2018 National Health
Interview Survey reported that cognitive function
impairment in an older population in the US had signifi-
cantly increased likelihoods for spinal pain, ranging from
90% to 100%, after controlling for different chronic condi-
tions (cardiovascular disease, hypotension, obesity and dia-
betes), and demographic and health behavioral factors, as
well as mental conditions (anxiety and depression).21

Regarding potential mechanisms underlying suboptimal
cognitive performance in individuals with chronic low
back pain, the literature has discussed altered activity in the
cortex and neural networks, grey matter atrophy, microglial
activation and neuroinflammation, as well as comorbid-
ities.22 However, it still seems is somewhat unknown
whether an association between cognitive impairment and
spinal pain exists in a community-based sample, or popula-
tion study.

Therefore, the objective of this study was to investigate
the association between cognitive impairment and spinal
pain in the older adult population in the United States. A
second objective was to explore the association between
cognitive impairment and spinal pain in demographic and
socioeconomic subgroups.
TAGGEDAPTARAH1METHODS

Study Design
This was a secondary analysis of data from the National

Health and Nutrition Examination Survey (NHANES)
study, where we pooled 2 data sets. The NHANES is a
cross-sectional health survey of the noninstitutionalized
population of the United States.23 Each survey focuses on a
variety of health and nutrition measurements to meet
emerging needs and combines interviews and physical
examinations. Each NHANES data file has 2 years of data.
This study was reported using the Strengthening the
Reporting of Observational Studies in Epidemiology
Guidelines.24 The Protocol (#98-12) for the 1999 to 2000
and the 2001 to 2002 NHANES Survey data sets were
approved by the NHANES Institutional Review Board.25
Dataset
For this study, we chose to use data from the NHANES

to explore the association between cognitive impairment
and spinal pain in the older population, as it is a general
health study in the United States that collects reliable meas-
urements of cognitive function in the general population.
We used data from 1999 to 2000 and 2001 to 2002
NHANES, accessing 2 separate data modules—Cognitive
Functioning and Miscellaneous Pains. The Cognitive Func-
tioning module was used to assess cognitive function
through the Digit Symbol Substitution Test (DSST). The
Miscellaneous Pains module collected data on spinal pain
(low back pain and neck pain). These 2 files, along with
the Demographics file and the Current Health Status files,
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were merged. The 1999 to 2000 and 2001 to 2002 data files
were later appended to increase sample stability. The
unweighted response rate was estimated to be 74% for the
1999 to 2000 NHANES and 75% for the 2001 to 2002
NHANES. The participation rate of the cognitive function-
ing component of the NHANES was estimated to be
80.2%.

The dataset from NHANES 1999 to 2000 and 2001 to
2002 is over 20 years old. However, this time point was the
only time where Cognitive Functioning, together with the
Miscellaneous Pains module data, were simultaneously
collected.26,27 In our knowledge, there has been no recent
population-based data available that would allow for this
analysis. We argue that these factors are highly relevant
and warrant exploration. This report is of benefit as spinal
conditions such as low back pain4 and neck pain9 are major
contributors to disability globally and cognitive
impairment, as an intermediate stage between normal aging
and dementia, with a rising global prevalence.10 Further-
more, back pain has not been included in NHANES after
the 2009 to 2010 survey.28,29 While cognitive function was
assessed in the 2013 to 2014 NHANES, low back pain and
neck pain were not. Therefore, the 1999 to 2000 and 2001
to 2002 NHANES datasets were the only ones available to
provide an opportunity to explore population-based data
from the older population in the United States.
Sample Population
The general study sample inclusion criteria were partici-

pants in the United States, of the modules from 1999 to 2000
and 2001 to 2002 NHANES; aged 60 to 85 years; able to
understand or read English (proxy interviews were ineligible);
and were administered the DSST. The study population for
assessing cognitive impairment was required to do the DSST
test without distraction, complete the DSST sample test, and
complete the DSST within the specific time limit.
Measurements
The study outcome variable was cognitive impairment,

and the exposure variable was self-reported spinal pain.
Confounding variables included demographic characteris-
tics (sex, age, and race/ethnicity), socioeconomic status
(education and the poverty income ratio [PIR]), and general
health status.

Cognitive Impairment. Cognitive impairment was
assessed with the DSST, which provides a valid and sensi-
tive measure of cognitive function, commonly used in clini-
cal neuropsychology, and has been described in detail
elsewhere.30 Cognitive impairment was coded as a dichoto-
mous variable based on the median value (40) of the DSST
test of the study population. When the DSST corrected
score was ≤40, the cognitive impairment was coded
“Yes,” and when the DSST corrected score was >40, the
DSST was coded “No.” This method of defining cognitive
impairment was used in a study on the association between
white matter hyperintensity and DSST performance.31

Self-Reported Spinal Pain. The NHANES Miscellaneous
Pains data modules included for this study had 2 questions
related to spinal pain: (1) low back pain lasted a whole day or
more, in the past 3 months, not including aches and pains that
were fleeting or minor, and (2) neck pain lasted a whole day
or more, in the past 3 months, not including aches and pains
that were fleeting or minor. We generated “spinal pain” from
these 2 questions as “Yes” to both “low back pain” and “neck
pain.”We used spinal pain as a multisite definition in the mul-
tivariable analysis of this study. This concept of the multisite
definition of spinal pain with both neck pain and low back
pain has been used in several epidemiological studies in this
area as they often co-occur together.21,32

Demographic Variables. Demographic variables
included: age, sex, and race/ethnicity. Age was defined as
adults 60 to 85 years of age. Age was coded into 5 groups:
(1) “60-64,” (2) “65-69,” (3) “70-74,” (4) “75-79,” (5) “80-
84,” and (6) “85.” Age “60-64” was used as the reference
group. Sex was defined as male and female. Male was
defined the reference group. Race/ethnicity was recoded as
4 categories: “Non-Hispanic White,” “Non-Hispanic
Black,” “Hispanic (Mexican American and Other His-
panic),” and “Other non-Hispanic race.” “Non-Hispanic
White” was used as the reference group.

Socioeconomic Status. Socioeconomic status included
education and income. Education was coded into 4 categories:
“less than high school,” “high school,” “some college,” and
“college and above.” “Less than high school” was used as the
reference group. Income was measured by the PIR, a ratio of
family income to poverty threshold which represents the ratio
of family or unrelated individual income to the Federal Pov-
erty Threshold.33 Ratio below 1.00 indicates that the income
for the respective family or unrelated individual is below the
official definition of poverty, while a ratio of 2.00 indicates
that income was 200% above the appropriate poverty thresh-
old.33 The PIR was coded into 5 categories: “<1,” “>=1 &
<=2,” “>=2.01 & <=3.99,” “>=4 & <=4.99,” and “>=5.”
Family income below the official poverty threshold (“<1”)
was used as the reference group.

General Health Status. General health status was derived
from the question: “Would you say your health in general
is excellent, very good, good, fair, or poor?”. “Excellent”
was used as the reference group.
Statistical Analysis
To account for the complex sampling design of the

NHANES, the Taylor linearized variance estimation
method in STATA 12 was used to compute weighted
descriptive statistics and measures of associations. We
divided the weight by 4 for the 2 combined data sets of
4 years of data, 1999 to 2000 and 2001 to 2002. Three



Table 1. Study Sample

Questions 1999-2000 2001-2002 Total

Can do exercise without distraction?

Yes 1609 1733 3342

No 166 74 240

Missing 59 65 124

Completed the sample test

Completed the sample test 1457 1602 3059

Unable to complete the sample
test

92 114 206

Refused 60 17 77

Missing 225 139 364

Reason unable to complete the
sample test

Physical limitations 43 61 104

Cognitive limitations 28 41 69

Other reason 21 12 33
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logistic regression models were constructed to explore
associations between cognitive impairment and spinal pain.
These models were developed based on the biophysiologi-
cal theory that links pain with cognitive impairment and
were also developed based on the studies of cognitive
impairment and low back pain. Cognitive impairment was
treated as the health outcome variable, and spinal pain was
treated as the exposure/independent explanatory variable,
and general health status was treated as one of the con-
founders. Age was treated as an important confounder in
the model to see the impact of age on cognitive impairment.
Prior to the main analysis, an analysis for multicollinearity
was conducted, and the correlation between a given explan-
atory variable and other explanatory variables were deter-
mined as not severe enough to require attention.

Model 1 focused on the association between cognitive
impairment and spinal pain, controlling for demographic
characteristics (ie, age, sex, and race/ethnicity); Model 2
controlled for socioeconomic factors (ie, education and
poverty level) in addition to demographic factors. Model 3
controlled for general health status in addition to demo-
graphic characteristics and socioeconomic factors. Associa-
tions between spinal pain and cognitive impairment were
estimated with prevalence odds ratios (ORs) and the 95%
confidence intervals (CIs).
Completed the DSST test

Yes, completed 1417 1558 2975*

No, stopped before 2 min 32 33 65

Missing 385 281 666

DSST, Digit Symbol Substitution Test.
* n = 2975 particpants included in this anlaysis.
TAGGEDAPTARAH1RESULTS

There were 2975 participants included in this analysis. See
Table 1 for study sample description. A description of the
study population, with unweighted and weighted percentages
and sizes, and the DSST score mean by each demographic
group is found in Table 2. Table 3 shows that the proportion
of older adults with cognitive impairment increased with age,
from the 60 to 64 age group to the 80 to 84 age group (P <
.001). In those with spinal pain, the proportion of older adults
with cognitive impairment also increased with age, in the 60
to 64 age group to the 80 to 84 age group (P < .001), which
was higher than that noted in both the general population
group and the group without spinal pain.

Significant race and ethnic variations in cognitive
impairment (P < .001) were seen, with Hispanic and non-
Hispanic Black elderly having a higher proportion of cog-
nitive impairment than that of the non-Hispanic White
elderly. Significant variations in socioeconomic status and
cognitive impairment were observed (P < .001). Older
adults with less than high school education had the highest
proportion for cognitive impairment, while those with col-
lege or higher education had the lowest. In addition, 18.2%
of people with less than high school education had spinal
pain, while 7.1% of those with college or higher education
had spinal pain (P < .001).

All 3 logistic regression models demonstrate a statistically
significant association between cognitive impairment and spi-
nal pain (Table 4). Model 1 indicates that older adults with
spinal pain had significantly higher odds of cognitive
impairment (OR 2.35, 95% CI: 1.54, 3.60), after controlling
for demographic characteristics. Model 2 indicates that older
adults with spinal pain had significantly increased odds of cog-
nitive impairment (OR 1.86, 95% CI: 1.19, 2.89), after control-
ling for demographic characteristics and socioeconomic status.
Model 3 indicated that older adults with spinal pain had signif-
icantly increased odds of cognitive impairment (OR 1.76, 95%
CI: 1.12, 2.79), after controlling for demographic characteris-
tics, socioeconomic status, and general health status.
TAGGEDAPTARAH1DISCUSSION

This study is the first, large, population-based study of a
specifically older (60-85 years) population in the United
States to explore the association between spinal pain and
cognitive function. Older adults in the United States popu-
lation with spinal pain had significantly increased odds of
cognitive impairment after controlling for demographic



Table 2. Description of the Study Population by Proportion of Cognitive Impairment and Spinal Pain, Weighted Percentage, Weighted
Count, and Weighted Mean of the DSST Score

Variable
Percent in the Study
Population N = 2975

Number in the Study
Population

Weighted Percentage
In Total Population
N = 39,290,065 Weighted Counts

Weighted Mean of
DSST (Std. Err)

Cognitive impairment (by median)

With cognitive
impairment

52.64 1566 39.62 29,000,000 58.33 (0.35)

Without cognitive
impairment

47.36 1409 60.38 44,000,000 28.81 (0.33)

Cognitive impairment (by quartile)

First quartile 26.16 769 15.57 11,000,000 18.39 (0.29)

Second quartile 25.03 736 22.45 16,000,000 34.74 (0.17)

Third quartile 24.86 731 27.33 20,000,000 47.30 (0.14)

Fourth quartile 23.95 704 34.65 25,000,000 66.07 (0.26)

Spinal pain

With spinal pain 11.73 349 12.71 9300,000 42.59 (1.38)

Without spinal pain 88.27 2626 87.29 6400,000 47.22 (0.61)

Sex

Female 51.66 1537 56.86 41,000,000 47.50 (0.72)

Male 48.34 1438 43.14 32,000,000 45.50 (0.77)

Age

60-64 24.77 737 25.78 20,000,000 54.03 (0.96)

65-69 19.50 580 22.23 17,000,000 50.02 (1.16)

70-74 18.92 563 20.17 14,000,000 45.15 (0.80)

75-79 13.85 412 15.51 11,000,000 40.91 (1.13)

80-84 14.49 431 10.63 7200,000 37.44 (0.98)

85 8.47 252 5.68 3900,000 31.60 (1.46)

Race and ethnicity

Non-Hispanic
White

61.28 1823 83.69 61,000,000 48.94 (0.77)

Non-Hispanic
Black

14.39 428 6.82 4900,000 33.02 (1.09)

Hispanic 22.55 671 7.20 5400,000 33.02 (1.14)

Other race 1.78 53 2.30 1700,000 46.23 (3.85)

(continued)
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Table 2. (Continued)

Variable
Percent in the Study
Population N = 2975

Number in the Study
Population

Weighted Percentage
In Total Population
N = 39,290,065 Weighted Counts

Weighted Mean of
DSST (Std. Err)

Education

Less than high
school

40.09 1190 29.84 22,000,000 34.62 (0.68)

High 24.53 728 29.19 21,000,000 48.37 (0.73)

Some college 19.68 584 21.95 16,000,000 51.16 (0.68)

College and more 15.70 466 19.01 14,000,000 57.77 (0.91)

Poverty income ratio (PIR)

PIR < 1 16.05 417 12.44 8000,000 32.43 (1.11)

PIR < 2 31.18 810 27.87 18,000,000 39.25 (0.70)

PIR < 3 28.68 745 30.97 20,000,000 49.26 (0.65)

PIR > 4 7.24 188 8.18 5400,000 50.21 (1.63)

PIR > 5 16.86 438 20.55 13,000,000 58.43 (0.86)

General health status

Excellent 10.13 145 12.12 4300,000 56.33 (1.17)

Very good 25.63 367 28.79 10,000,000 52.51 (0.89)

Good 36.80 527 36.47 13,000,000 46.98 (1.35)

Fair or poor 27.44 393 22.62 8100,000 38.94 (1.14)

DSST, Digit Symbol Substitution Test; PIR, poverty income ratio.
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characteristics, socioeconomic status, and general health
status. The findings of this study complement previously
published data, which demonstrate that chronic back pain
is associated with diminished cognitive functions.18,19

However, these have been in samples of people who were
young to middle-aged.
Variation Within Special Populations
The demographic variations in spinal pain and cognitive

impairment were complex. The proportion of people with
cognitive impairment increased with age, while the propor-
tion of spinal pain decreased with age, which is consistent
with parts of current the literature.34,35 Older women with
spinal pain had a higher proportion of cognitive impairment
among those without spinal pain, and a substantially higher
risk for cognitive impairment compared with men, after
controlling for spinal pain and confounders. Significant
variations in the proportion of cognitive impairment by
socioeconomic status were observed, with cognitive
impairment less common among non-Hispanic Whites,
individuals with higher education, excellent general health
status, and higher income levels. It was found non-Hispanic
blacks were 5.41 times more likely to have cognitive
impairment after controlling for demographic characteris-
tics, socioeconomic status, and general health status, which
is consistent with a higher prevalence of dementia among
African American and Latino/Hispanic populations than in
the non-Hispanic White population.36 Ethno-racial differ-
ences, race-specific cultural factors and racial biases influ-
ence the way dementia manifests in minority
populations,37 and as racial and ethnic disparities lead to
the under treatment of spinal pain and the development of
high-impact chronic pain38 outreach efforts within minority
populations should seek to educate and empower people
with a better understanding of spinal pain and its impact.
Mechanisms that explain the associations between spinal pain and
cognitive impairment are still unknown

It is not clear what mechanism explains the association
between spinal pain and cognitive impairment.39



Table 3. Weighted Percentage of Cognitive Impairment, Spinal Pain, and Weighted Percentage of Cognitive Impairment Among Those
With Spinal Pain, and Without Spinal Pain

Variable
% With Cognitive
Impairment P %With Spinal Pain P

%With Cognitive
Impairment Among
Those With Spinal
Pain P

%With Cognitive
Impairment Among
Those Without Spinal
Pain P

Sex .135 .0003 .8681 .06

Female 37.84 15.25 51.69 35.35

Male 41.94 9.40 52.68 40.83

Age <.001 .48 <.001 <.001

60-64 22.50 15.01 32.64 20.71

65-69 32.59 12.97 50.57 29.91

70-74 41.97 11.97 56.32 40.02

75-79 52.24 9.95 56.34 51.79

80-84 60.33 13.05 88.55 56.09

85 77.43 9.26 93.83 75.76

Race and ethnicity <.001 <.001 <.001 <.001

Non-Hispanic
White

34.47 12.43 47.78 32.58

Non-Hispanic
Black

69.34 10.07 64.70 69.86

Hispanic 70.67 19.10 76.15 69.37

Other race 40.37 10.38 57.98 38.34

Education <.001 <.001 .001 <.001

Less than high
school

68.21 18.18 69.15 68.00

High 35.98 12.70 45.80 34.55

Some college 26.00 9.91 39.90 24.47

College and more 15.64 7.13 17.68 15.49

PIR <.001 .002 .0002 <.001

PIR < 1 70.51 22.24 68.39 71.12

PIR < 2 59.77 14.14 71.38 57.86

PIR < 3 32.25 10.32 39.99 31.36

PIR > 4 26.97 12.78 27.64 26.87

PIR > 5 13.98 9.03 20.75 13.30

(continued)
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Table 3. (Continued)

Variable
% With Cognitive
Impairment P %With Spinal Pain P

%With Cognitive
Impairment Among
Those With Spinal
Pain P

%With Cognitive
Impairment Among
Those Without Spinal
Pain P

General health status <.001 <.001 .0021 <.001

Excellent 16.90 4.92 25.01 16.48

Very good 24.71 8.03 27.79 24.45

Good 40.00 11.17 36.62 40.43

Fair or poor 60.55 25.24 65.36 58.93

PIR, poverty income ratio.

Table 4. Logistic Regression Models of Association Between Cognitive Impairment and Spinal Pain

Model 1 Model 2 Model 3

OR (95% CI) P > t OR (95% CI) P > t OR (95% CI) P > t

Variables

Spinal pain 2.35 (1.54, 3.60) <.001 1.86 (1.19, 2.89) .01 1.76 (1.11, 2.77) .02

Sex

Male 1.00 1.00 1.00

Female 1.52 (1.13, 2.05) .01 2.04 (1.51, 2.77) <.001 2.07 (1.53, 2.79) <.001

Age

60-64 1.00 1.00 1.00

65-69 2.01 (1.34, 3.01) <.001 2.11 (1.36, 3.31) <.001 2.07 (1.32, 3.34) <.001

70-74 3.17 (2.36, 4.26) <.001 2.93 (2.07, 4.15) <.001 2.90 (2.02, 4.16) <.001

75-79 5.72 (4.13, 7.92) <.001 4.88 (3.39, 7.04) <.001 4.91 (3.38, 7.15) <.001

80-84 8.49 (6.29, 11.47) <.001 9.01 (6.16, 13.17) <.001 8.82 (5.97, 13.02) <.001

85 21.74 (12.95, 36.5) <.001 23.58 (13.52, 41.12) <.001 23.65 (13.21, 42.35) <.001

Race and ethnicity

Non-Hispanic White 1.00 1.00 1.00

Non-Hispanic Black 7.30 (5.58, 9.54) <.001 5.57 (4.11, 7.55) <.001 5.41 (3.95, 7.41) <.001

Hispanic 7.05 (4.71, 10.57) <.001 4.21 (2.75, 6.42) <.001 4.03 (2.63, 6.19) <.001

Other race 1.77 (0.66, 4.78) .25 1.79 (0.68, 4.72) 0.23 1.83 (0.69, 4.85) .22

(continued)
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Table 4. (Continued)

Model 1 Model 2 Model 3

OR (95% CI) P > t OR (95% CI) P > t OR (95% CI) P > t

Education

Less than high school 1.00 1.00

High school 0.33 (0.27, 0.41) <.001 0.34 (0.28, 0.43) <.001

Some college 0.19 (0.14, 0.25) <.001 0.19 (0.14, 0.26) <.001

College and more 0.14 (0.09, 0.21) <.001 0.15 (0.10, 0.23) <.001

Poverty income ratio (PIR)

PIR < 1 1.00 1.00

PIR < 2 1.50 (0.99, 2.27) .06 1.48 (0.97, 2.25) .07

PIR < 3 0.66 (0.46, 0.96) .03 0.67 (0.46, 0.98) .04

PIR > 4 0.65 (0.32, 1.30) .21 0.67 (0.33, 1.35) .25

PIR > 5 0.41 (0.28, 0.61) <.001 0.42 (0.29, 0.61) <.001

General health status

Excellent 1.00

Very good 0.70 (0.47, 1.30) .07

Good 1.10 (0.78, 1.55) .58

Fair or poor 1.57 (1.04, 2.37) .03

CI, confidence interval; DSST, Digit Symbol Substitution Test; OR, odds ratio; PIR, poverty income ratio.
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Neuroimaging is a possible tool to explore the complex net-
work of brain regions associated with chronic pain and its
association to other sensory, motor, and cognitive func-
tions.40-42 Functional neuroimaging of brain structure sug-
gests that chronic pain can be considered a separate disease
entity and can change activities in brain regions that are
responsible for attention and memory control.40-42 Brain
regions, including the bilateral dorsolateral prefrontal cor-
tex and the medial prefrontal cortex, process both cognitive
functions and chronic pain in parallel.43,44 For example, a
functional magnetic resonance imaging study found abnor-
mal cingulo-frontal-parietal network function during atten-
tion-demanding condition in patients with chronic low
back pain.45 A scoping recent review summarized evidence
from 34 studies and concluded there are potential mecha-
nisms underlying the accelerated cognitive decline
observed in people with chronic low back pain. These
included altered activity in the cortex and neural networks;
grey matter atrophy; microglial activation and neuroinflam-
mation; comorbidities associated with chronic low back
pain; and gut microbiota dysbiosis.22 Given that this study
adds population-based evidence that in older adults, those
with spinal pain were 1.76 times more likely to have cogni-
tive impairment, prevention and treatment strategies for
spinal pain, that influence the possible mechanisms that
accelerate cognitive decline are paramount.
Future Research
This study identified a significant association between cog-

nitive impairment and chronic nonspecific low back pain and
neck pain in the older adult population in the United States
and builds on an expanding body of basic and applied
research. Therefore, longitudinal studies exploring casual rela-
tionships between spinal pain and cognitive impairment are
warranted. Future research could determine whether spinal
pain is a risk factor for cognitive impairment, or vice versa.
New information may lead health care professionals who
manage spinal pain to consider the assessment of cognitive
symptoms and interprofessional management when appropri-
ate. As structural brain abnormalities related to chronic back
pain may be reversible, treating chronic spinal pain could pos-
sibly help in restoring cognitive function. Two studies have
suggested that the loss in brain grey matter associated with
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chronic pain is reversible after successful relief of the pain
through treatments.46,47 Another study noted that relief of
pain following spine surgery or facet joint injection resulted
in increased cortical thickness in the left dorsolateral prefron-
tal cortex, which correlated with the reduction of both pain
and physical disability. Research has shown a normalization
of cognitive task-related brain activity when a patient’s
chronic low back pain was reduced,48 and that abnormal brain
function activity in patients with chronic low back pain was
altered after a period of spinal manipulation.49 Given the
increased odds of cognitive decline in the older US population
with spinal pain, research is needed to determine whether pre-
vention and treatment strategies can reduce the level of dis-
ability associated with mild cognitive changes.
Strengths
The strengths of this study include that a large dataset

(n = 2975) was used with a nationally representative sam-
ple of older adults in the United States, and that a valid and
sensitive measure of cognitive function, the DSST, was
used to assess overall cognitive impairment.30
Limitations
The data used in this study were over 20 years old. It is

possible that measurements and classifications could have
changed. Historical data may be considered inaccurate, how-
ever the definition of low back pain and neck pain is relatively
crude, and widely used50 including in other large population-
based samples.51 As well, these data did not include the most
current aging population in the US, therefore it is possible that
the findings may be more or less substantial if the current pop-
ulation was measured. Another limitation of this study is the
cross-sectional design of NHANES, which makes it impossi-
ble to examine the directionality of the association between
cognitive impairment and spinal pain. Thus, causation cannot
be determined. Furthermore, this analysis only included the
population in the United States; thus, the generalizability of
our study findings may not apply to people in other countries.
Another limitation is the assessment of global cognitive
impairment, without an assessment of individual aspects of
cognitive functions, such as memory, learning, attention, and
executive function. This makes it difficult to compare the find-
ings of this study with other studies that focus on individual
aspects of cognitive impairment. Although health behavior-
related factors, such as physical activity, and mental health
conditions may impact the association,52,53 it was beyond the
scope of this study to consider these additional factors. Thus,
this study is limited to the variables that were assessed.
TAGGEDAPTARAH1CONCLUSIONS

This study identified a significant association between
cognitive impairment and chronic nonspecific low back
pain and neck pain in the older adult population in the
United States. Within this population, there were vulnera-
ble subgroups for which spinal pain and cognitive
impairment had a greater impact, namely people who are
older, female, and those with less education.

These findings suggest that there is a need to further
explore these relationships and to measure whether man-
agement strategies for vulnerable subgroups and treatment
of spinal pain can possibly improve cognitive function.
Future research needs to be conducted to identify the direc-
tionality of the association between spinal pain and cogni-
tive impairment.
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Practical Applications
� This study identified a significant association
between cognitive impairment and chronic non-
specific low back pain and neck pain in the
older adult population in the United States.

� There were vulnerable subgroups for which
spinal pain and cognitive impairment had a
greater impact, namely people who are older,
female, and those with less education.
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