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Abstract 

Background: Low back pain (LBP) is a common musculoskeletal condition and a major cause of disability worldwide. 
Previous studies have found associations of biomarkers with pain and pain-related disability in LBP patients. This study 
aimed to explore the association between serum biomarkers and pain and disability in patients with acute or suba-
cute axial LBP.

Methods: This study was ancillary to a parent randomized controlled trial. Enrolled participants were randomized 
into three intervention groups: one of two types of spinal manipulation or medical care. In the parent study, 107 
adults who experienced a new episode of LBP within 3 months prior to enrollment were recruited. For this study, 90 
of these 107 participants consented to have blood samples obtained, which were drawn immediately before the 
beginning of treatment. Seven biomarkers were chosen based on previous literature and analyzed. Clinical outcomes 
were pain and Oswestry Disability Index (ODI) evaluated at baseline and 4 weeks. Spearman’s |r| was used to study 
the association of initial levels of each biomarker with pain and ODI scores at baseline and with changes in outcome 
scores from baseline to 4 weeks (end of treatment) within each intervention group.

Results: At baseline, 4 of 7 biomarkers had an association with pain that was |r| ≥ .20: neuropeptide Y (NPY) (r = 0.23, 
p = .028), E-Selectin (r = 0.22, p = .043), vitamin D ((r = − 0.32, p = .002), and c-reactive protein (CRP) (r = 0.37, 
p = .001). No baseline biomarker had an association with disability that was |r| ≥ 0.20. For the correlations of baseline 
biomarkers with 4-week change in outcomes, vitamin D showed a correlation with change in disability and/or pain 
(|r| ≥ 0.20, p > .05) in manipulation-related groups, while CRP, NPY, and E-selectin along with TNFα, Substance P and 
RANTES showed at least one correlation with change in pain or disability (|r| ≥ 0.20, p > .05) in at least one of the treat-
ment groups.

Conclusions: In 90 LBP patients, the analyzed biomarkers, especially vitamin D, represent a small set of potential can-
didates for further research aimed at individualizing patient care. Overall, the associations investigated in the current 
study are an initial step in identifying the direct mechanisms of LBP and predicting outcomes of manipulation-related 
treatments or medical care.
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Background
Low back pain (LBP) is one of the most common mus-
culoskeletal conditions requiring medical care and con-
tributing to patient impairment and disability. Over 25% 
of the general population reports LBP at any given time 
[1], with a lifetime incidence exceeding 80% and a life-
time prevalence of around 40% [2]. However, the care 
of LBP represents one of the most significant challenges 
facing musculoskeletal care today. In the US, estimated 
annual costs for LBP alone were over $85 billion in 2005 
[3], while in 2016, the combined cost for neck and LBP 
accounted for over $134 billion [4], highlighting the sig-
nificant spending to treat this condition.

Despite these high costs, treatment outcomes and rates 
of disability have not improved [5], which may partly 
explain the growing interest in complementary medical 
treatments. Data from the 2012 National Health Inter-
view Survey, Alternative Health Supplement demonstrate 
that 41.2% of the LBP population used complementary 
and alternative medicine approaches for pain relief, with 
herbal supplements, massage, and chiropractic manipu-
lation being the most common therapies [6]. Previous 
data demonstrate short-term reductions in self-reported 
disability and pain scores in patients treated with manual 
thrust manipulation compared to usual medical care [7].

Diagnostic tools are necessary to identify patients with 
LBP who are likely to respond to different treatments, 
including manual therapy. Currently, a reliable method 
for selecting the most appropriate care for LBP patients 
is unavailable; identifying specific subgroups of patients 
would most likely improve outcomes and make interven-
tions more cost-effective [8]. Biomarkers have the poten-
tial to become a valuable and novel tool in establishing 
individualized treatment plans by providing information 
about the mechanisms of action of clinical treatments 
and their related outcomes.

Some biomarkers have already shown an association 
with pain and pain-related disability in LBP patients, 
superior to any contribution by imaging studies [9]. Bio-
markers have also garnered attention in manipulative 
treatment in several prior small studies. In a recent sys-
tematic review and meta-analysis of randomized clinical 
trials (RCTs) [10], varying degrees of evidence showed 
significant associations between spinal manipulation 
and various biomarkers up to 2 hours after the interven-
tion. Overall, non-pooled results from 8 studies showed 

moderate evidence that spinal manipulation was associ-
ated with short-term biochemical markers changes after 
receiving spinal manipulation compared to controls (325 
participants total). In the three studies (n = 173) investi-
gating the effect of spinal manipulation on inflammatory 
biomarkers, moderate-quality evidence was found that 
spinal manipulation is more impactful than the control 
in influencing the short-term concentrations of tumor 
necrosis factor-alpha (TNFα) and interleukin 1 and 2 
(IL-1, IL-2). These studies are characterized by a short-
term assessment period of biomarkers’ levels after spinal 
manipulation, and they did not assess associations with 
clinical outcomes.

A more recent systematic review that focused on the 
effect of spinal manipulation and markers of immune 
function [11] found that the evidence is too weak to draw 
definite conclusions on the effect of spinal manipulation 
on immune system outcomes. The review acknowledged 
that short-term changes in immunological markers 
exist after spinal manipulation; yet, the only study that 
included specific blood markers of inflammation was a 
2006 study by Teodorczyk-Injeyan et al., which was also 
included in the Kovanur-Sampath et al. review from 2017 
mentioned previously. The authors also concluded that 
the clinical implications of such findings were unclear.

A non-randomized clinical trial [12] showed that IL-6 
and C-reactive protein (CRP) levels decreased towards 
the levels of the healthy, pain-free control group in a 
small study of 10 patients with chronic LBP treated 
with nine sessions of mechanical-assisted manipulation. 
However, this study did not include any control subjects 
with LBP. Moreover, a study comparing 10 subjects with 
chronic LBP to 10 non-LBP controls showed decreased 
circulating levels of 5-hydroxyindoleacetic acid and sero-
tonin4 hours after osteopathic manipulative treatment 
[13]. A case report shows a reduction in TNFα levels 
after manipulative therapy in two cervicogenic headache 
patients [14] [12]..

Two systematic reviews were recently published on the 
relationship between inflammatory biomarkers and LBP. 
In one [15], the authors concluded that CRP, TNFs, and 
IL-6 were positively associated with non-specific LBP. 
In the other study [16], the authors found that CRP lev-
els were associated with acute non-specific LBP and 
TNFαwith chronic non-specific LBP. These reviews did 
not look at clinical effects or changes specific to spinal 

Trial registration: Clini calTr ials. gov Identifier: NCT01211613, Date of Registration: September 29, 2010, https:// clini 
caltr ials. gov/ ct2/ show/ NCT01 211613? term= schne ider& cond= Low+ Back+ Pain& cntry= US& state= US% 3APA& draw= 
2& rank=1
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manipulation treatments. Interestingly, a newly pub-
lished study found that a cluster of subjects with acute 
LBP characterized by an early combined presence of 
both IL-6 and CRP was associated with better recovery 
at 12 months than a different group characterized by ele-
vated TNFα and depressive symptoms. Even though this 
study was observational, the association between inflam-
matory markers and clinical outcomes points to a poten-
tial role for such markers in determining the trajectory of 
recovery for individuals with acute LBP.

Overall, as pointed out in the most recent systematic 
reviews [15, 16], the current literature is characterized 
by numerous limitations that affect study quality, such 
as small sample size and lack of proper control groups. 
Two others are particularly relevant to our work. The 
first is not examining the changes in biomarker levels 
outside a narrow time window immediately before and 
after the intervention. The second limitation is focusing 
only on changes in biomarker levels without correlating 
these changes with clinically relevant outcomes such as 
reducing pain intensity or physical function. These limi-
tations leave potentially relevant questions unanswered 
about the spinal manipulation’s medium- to long-term 
impact on homeostasis, physiological variances, and clin-
ically meaningful outcomes. The current study aimed to 
explore the association of serum biomarkers with base-
line and changes in self-reported pain and disability in 
LBP patients treated with spinal manipulation or stand-
ard medical care for acute and subacute axial LBP.

Methods
Recruitment
This biomarkers study was ancillary to a parent RCT 
that investigated patient outcomes in response to two 
types of spinal manipulation and medical care [7]. In the 
parent RCT, 107 adults (18 years or older) who experi-
enced a new episode of LBP within the 3 months prior to 

enrollment were recruited from a single academic center. 
The study was conducted between November 2010 and 
March 2013, and was designed to adhere to CONSORT 
guidelines. Eligible subjects (Table  1) had an Oswestry 
Disability Index score between 20 and 70 points (0–100 
scale) and a numeric pain rating score between 3 and 8 
points (0–10 scale). Patients were excluded if they had: 
1) prior history of lumbar spine surgery, unstable spon-
dylolisthesis, spinal stenosis, or scoliosis > 20°; 2) signs 
or symptoms suggestive of nerve root tension or neuro-
logical deficit in the lower extremity; 3) red flag findings 
(including a history of metastatic cancer, osteoporosis, 
long-term corticosteroid use, unexplained weight loss of 
> 10% of body weight, spinal pain associated with fever, 
and severe night pain unrelieved by medication); 4) were 
receiving any physical therapy, chiropractic therapy, or 
any other manual therapy for this episode of LBP (within 
the past 3 months) or any on-going medical care for this 
episode of LBP; or 5) had a current use of opiate or other 
prescription medications for LBP, or were pregnant.

Individuals were randomized into one of three inter-
vention groups: manual-thrust manipulation, using 
high-velocity, low-amplitude thrust manipulation using 
standard chiropractic methods by a licensed chiroprac-
tor (group 1); mechanically-assisted manipulation using 
an Activator IV Instrument (Activator Methods Interna-
tional Ltd., Phoenix, AZ) (group 2); or standard medical 
care provided by a board-certified physician in physi-
cal medicine and rehabilitation (group 3) [7]. The high-
velocity, low-amplitude thrust manipulation varied from 
patient to patient but was either side posture, diversified, 
or drop table technique. Furthermore, the location of the 
adjustment (manipulation technique) varied from patient 
to patient, based upon their individual needs. The clini-
cians were allowed to adjust the sacroiliac joints and/or 
any facet joints from L5-S1 up to T6–7. The protocol did 
not allow for any manipulation of the cervical or upper 

Table 1 Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

Participants were required to have a new LBP episode within 
the previous 3 months.

Chronic LBP (>  3 months duration)

At least 18 years of age Previous chiropractic, medical, or physical therapy treatment for the current LBP episode

Speak/understand English Radicular features including leg pain distal to the knee, numbness/weakness of the 
lower leg, or positive nerve root tension/neurological signs

Minimum levels of self-reported pain (3 on 0–10 scale) Current use of prescription pain medications

Minimum levels of self-reported disability (20 on 0–100 scale) Contraindications to spinal manipulation, including:
• Previous history of metastatic cancer
• Severe osteoporosis
• Fracture or instability
• Prolonged anticoagulant or oral steroid use

Agree to be randomized

Agree to attend 2 office visits per week for 4 weeks

Agree to cooperate with follow-up data collection

Agree to have blood drawn
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thoracic segments or any extremity joints. Moreover, all 
patients assigned to manipulation were seen twice a week 
for 4 weeks. The standard medical care approach con-
sisted of a protocol in line with guidelines for the clinical 
management of non-specific LBP [17]. Randomization 
was performed using a rank-based adaptive allocation 
approach; more information on the methodology can be 
found in the published manuscript from the parent study 
[7]. Blinding was not possible due to the study design.

Before randomization, subjects were asked if they were 
willing to participate in the ancillary biomarkers study, 
which would require them to have blood drawn upon 
initiating the course of treatment. Subjects who agreed 
to participate in the ancillary study were taken through 
a separate consent process, and a separate University 
of Pittsburgh Institutional Review Board approval was 
obtained for the biomarker study. Participation in the 
biomarker study did not influence participation in the 
parent RCT. Of the 107 adults with LBP who participated 
in the parent RCT, 90 agreed to participate in the ancil-
lary biomarker study (group 1, n = 33; group 2, n = 27; 
group 3, n = 30). For the analysis of the 4-week change 
in pain and disability scores, 4 subjects were lost to fol-
low-up, one data was missing for the change in pain vari-
able, and two data were missing for change in Oswestry 
Disability Index (ODI) (group 1, n = 30; group 2, n = 26; 
group 3, n = 29 for pain and n = 28 for ODI). No other 
subjects were excluded for any other reasons.

No power calculation was performed for this second-
ary analysis since a convenience sample was used. All 
investigators involved in the biomarker analysis remained 
blinded to treatment assignment until after the comple-
tion of the trial.

Blood sampling and assays
Blood samples were drawn from participants immedi-
ately before the first treatment session at baseline. About 
10 ml of venous blood was collected into Serum Separa-
tion Tubes Vacutainers (4 ml, Ref# 367977) and EDTA 
pre-coated vacutainers (6 ml, Ref# 367863), both from 
BD (Fullerton, CA) and kept in ice. Serum Separation 
Tubes Vacutainers were immediately sent to the nearby 
clinical lab to measure Vitamin D and CRP, whereas the 
samples in the EDTA vacutainers were centrifuged within 
2 hours at 1000 g for 10 min for enzyme-linked immuno-
sorbent assay (ELISA). The resulting plasma was pipet-
ted out and divided into Eppendorf tubes, which were 
pre-labeled with patients ID, and immediately frozen at 
-80oC. Plasma samples were analyzed by ELISA using a 
commercially available 96-well ELISA kits: Neuropeptide 
Y (NPY) and E-selectin from (RayBiotech Inc., Norcross, 
GA), and Substance P, TNF-a, and RANTES (regulated 
on activation, normal T cell expressed and secreted, also 

known as C-C Motif Chemokine Ligand 5 (CCL5)) from 
Cayman Chemical (Ann Arbor, MI). All assays were per-
formed in duplicate and following the manufacturer’s 
instructions, and the intraassay and interassay coef-
ficients of variation are < 10% for all ELISAs. The selec-
tion of biomarkers was based on previous reports of their 
association with LBP [9, 18–22]. Vitamin D and CRP lev-
els were also obtained from the samples taken immedi-
ately before treatment; a local clinical lab performed their 
standard analysis.

Clinical data collection
Baseline demographic and clinical information, includ-
ing age, BMI, gender, race, employment status, gen-
eral health, presence/absence of metabolic syndrome, 
tobacco use, fear-avoidance beliefs [23], baseline NSAID 
use, treatment expectancy as measured by the Treatment 
Credibility Expectancy Questionnaire and intermittent 
vs. constant nature of symptoms were collected. Primary 
clinical outcomes were pain measured by the von Korff 
pain scale [24] and disability measured by the Oswestry 
Disability Index (ODI) [25]. Pain and ODI scores were 
measured at the beginning of the first (baseline) and last 
(4-weeks) treatment sessions.

Statistical analysis
The strength of the relationship between the pain/disabil-
ity variables and each of the biomarkers was quantified 
using non-parametric Spearman’s rank-order correlation 
(Spearman’s rho [r]). Baseline correlations were com-
puted using all 90 subjects because the data from the 
parent RCT were collected prior to randomization and 
interventions.

The correlations of improvement of pain and disability 
outcomes with baseline biomarkers were evaluated by 
treatment type. This approach was chosen because of the 
effects of the interventions on the outcomes [7]. Scatter-
plots were visually inspected for apparent violation of the 
assumption of a monotonically increasing or decreasing 
association between variables. None were noted.

Results
The majority of participants from the randomized trial 
agreed to join the biomarker study (90/107 = 84%) 
(Table 2). A chi-square test showed no significant differ-
ence between the study groups in the proportion of par-
ticipants from the parent study who enrolled (p = .358): 
group 1 = 33/35 (85%), group 2 = 27/37 (89%), and group 
3 = 30/35 (77%).

In the baseline analysis of all 90 subjects as a whole 
(Table  3), an association of r ≥ 0.20 was found for pain 
with NPY(r  = 0.23, p  = .028) and E-Selectin (r  = 0.22, 
p  = .043). Additionally, an association of |r| ≥ 0.30 was 



Page 5 of 9Tonelli Enrico et al. BMC Musculoskeletal Disorders         (2022) 23:1059  

found for pain with vitamin D (r = − 0.32, p = .002) and 
CRP (r = 0.37, p = .001). At baseline, there were no cor-
relations of the 7 biomarkers with disability at the level of 
|r| ≥ 0.20.

The associations between baseline biomarkers levels 
and changes in pain from baseline to 4 weeks by treat-
ment group are presented in Table  4. Ten correlations 
of biomarkers with disability improvement and 6 with 
pain improvement had a magnitude of |r| ≥ 0.20 (p > .05). 
Of these, 4 biomarkers had correlations with disability 
improvement that reached |r| ≥ 0.30 (p > .05).

Discussion
This study was the first to examine molecular biomark-
ers and clinical metrics in patients with axial LBP rand-
omized to manipulation versus standard medical care. 
As a secondary analysis of an RCT dataset, the goal 
was to examine and identify potential biomarkers of 

Table 2 Baseline demographics

All participants (n = 90); Group 1 (n = 33) = manual manipulation; Group 2 (n = 27) = mechanical manipulation; Group 3 (n = 30) = medical care

(1)= no intention to in the next 6 months; (2)= intention to in the next 6 months; (3)= intention to in the next 30 days; (4)= have been for LESS than 6 months; (5)= 
have been for MORE than 6 months

For Age, BMI, Pain score, and ODI, mean and (Standard Deviation) is reported

For Sex, Race, Smoking Status, Exercise and General Health, number of participants (n) and percentage within that category (%) is reported

All participants Group 1 Group 2 Group 3

Age 38.7 (14.1) 37.7 (14.7) 36.6 (14.5) 39.7(11.8)

BMI 29.2 (6.9) 29.3 (7.6) 31.3 (6.7) 27.5 (6.2)

Sex F n = 55 (61%) n = 21 (64%) n = 16 (60%) n = 18 (60%)

M n = 35 (39%) n = 12 (36%) n = 11 (40%) n = 12 (40%)

Race White n = 56 (63%) n = 22 (66%) n = 16 (59%) n = 18 (60%)

Black n = 25 (27%) n = 7 (21%) n = 8 (30%) n = 10 (33%)

Asian n = 3 (3%) n = 1 (3%) n = 0 (0%) n = 2 (6%)

Mixed race n = 6 (7%) n = 3 (10%) n = 3 (11%) n = 0 (0%)

Smoking status Never n = 38 (42%) n = 13 (39%) n = 9 (33%) n = 16 (53%)

Currently n = 20 (22%) n = 11 (34%) n = 5 (19%) n = 4 (14%)

Past n = 32 (36%) n = 9 (27%) n = 13 (48%) n = 10 (33%)

Exercise No (1) n = 6 (7%) n = 4 (12%) n = 0 (0%) n = 2 (7%)

No (2) n = 16 (18%) n = 6 (18%) n = 5 (18%) n = 5 (17%)

No (3) n = 14 (16%) n = 5 (15%) n = 5 (18%) n = 4 (13%)

Yes (4) n = 18 (20%) n = 6 (18%) n = 8 (30%) n = 4 (13%)

Yes (5) n = 35 (39%) n = 11 (33%) n = 9 (34%) n = 15 (50%)

Missing n = 1 (1%) n = 1 (3.3%) n = 0 (0%) n = 0 (0%)

General Health Poor n = 0 (0%) n = 0 (0%) n = 0 (0%) n = 0 (0%)

Fair n = 6 (7%) n = 2 (6%) n = 2 (7%) n = 2 (6%)

Good n = 40 (44%) n = 13 (39%) n = 13 (48%) n = 14 (47%)

Very good n = 37 (41%) n = 17 (48%) n = 10 (37%) n = 11 (37%)

Excellent n = 6 (7%) n = 1 (3%) n = 2 (7%) n = 3 (10%)

Missing n = 1 (1%) n = 1 (3%) n = 0 (0%) n = 0 (0%)

Pain Score 5.7 (1.4) 5.5 (1.4) 6.1 (1.4) 5.6 (1.4)

ODI 34.3 (9.3) 33.8 (9.6) 35.0 (10.2) 33.9 (8.5)

Table 3 Correlation between baseline biomarker levels and 
baseline pain/disability scores (n = 90)

NPY Neuropeptide Y, TNFα Tumor necrosis factor-alpha, SubP substance P, 
RANTES Regulated upon activation, normal t-cell expressed and presumably 
secreted, CRP c-reactive protein, r Spearman’s correlation coefficient, ODI 
Oswestry Disability Index score

Biomarker Pain ODI

r p r p

NPY .23 .028 .09 .375

E-Selectin .22 .043 .17 .108

TNFα .09 .426 .16 .124

SubP .17 .123 .02 .876

RANTES −.01 .968 −.09 .422

vitamin D −.32 .002 −.16 .137

CRP .37 .000 .16 .122
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interest related to pain and functional disability for future 
validation.

The initial CRP levels were correlated with baseline 
pain values, with a |r| value of 0.37.; however, the correla-
tion between CRP and baseline function showed a much 
smaller correlation. CRP also showed correlation coef-
ficients of magnitude between |r| = 0.20 and |r| = 0.31 
across the 3 treatment groups associated with changes 
in pain and in the manual manipulation and mechani-
cal manipulation groups associated with changes in ODI. 
Previous literature has shown an association between 
CRP and LBP [15, 16, 26]. Interestingly, higher CRP 
levels in the acute phase have been associated with bet-
ter recovery than initial lower CRP levels (when lower 
levels are associated with other comorbidities, such as 
depression or sleep disturbances) [26]; similar findings 
were replicated in the 12-months outcomes of a recent 
prospective cohort [27]. Our findings partially align with 
previous results and may eventually translate into clinical 
practice [28].

The current lack of understanding of the mechanisms 
by which these markers affect pain and treatment tra-
jectory underscores the need for studying this potential 
marker in future studies. This could potentially provide 
further insight into the interaction between CRP levels 
and LBP and potential mechanisms of action of manip-
ulation. Nonetheless, this result highlights the need to 
consider this biomarker for future research on its mecha-
nistic role in spinal manipulation.

The second important finding was that baseline Vita-
min D concentrations were inversely correlated with 
baseline pain (r = − 0.32). This baseline correlation is in 
line with growing evidence on the contributing role of 
vitamin D on musculoskeletal pain and, more specifi-
cally, on LBP [29]. Even though the evidence is not con-
clusive, there is growing consensus that decreased levels 
of vitamin D are associated with pain syndromes [30] 
and that vitamin D could be administered to people to 
help decrease pain [31], especially if their initial vitamin 
D levels are low [32]. Vitamin D levels were also corre-
lated with pain changes and ODI changes in the manual 
manipulation group and with changes in ODI in the 
mechanical manipulation group, with coefficients rang-
ing between |r| = 0.24 and |r| = 0.31.

The evidence from the current study suggests that 
vitamin D could be a potential predictive biomarker 
for physical treatment outcomes. Besides its effects on 
the skeletal system, vitamin D also influences nervous, 
immune, and cardiovascular systems through its vital 
role in calcium metabolism. Therefore, the explanation 
for the possible correlation between baseline vitamin D 
with the manipulation outcomes could be multifactorial 
and prompts further investigations. Unfortunately, and 
to the best of our knowledge, no research on this topic 
has been performed yet. However, a review article has 
pointed out that vitamin D presurgical levels could pre-
dict surgical outcomes [33]. Though manipulation is not 
an intervention as invasive as surgery, the outcomes of 
manipulation may similarly be impacted by the baseline 
vitamin D levels. We suggest that vitamin D should be 
included in future studies on pain, biomarkers, and treat-
ment outcomes, with particular attention to manipula-
tion treatment to investigate this relationship further.

Both CRP and vitamin D had a Spearman’s Rho above 
0.30; while this value is generally acknowledged in 
research as low to moderate strength, further discussion 
is warranted within the context of biomarkers and LBP. 
Regarding biomarkers’ association with clinical features, 
previous literature has been published with a similar cor-
relation coefficient when looking at clinical variables such 
as pain and change in functional score (also assessed with 
ODI) [9, 34]. It could be that the strength of correlation 
of a single blood marker should be considered within 

Table 4 Correlations between baseline biomarker levels and 4- 
week change in pain/disability scores

Group 1 (n = 33) = manual manipulation Group 2 (n = 27) = mechanical 
manipulation Group 3 (n = 30 for pain; n = 29 for ODI) = medical care

NPY Neuropeptide Y, TNFα Tumor necrosis factor-alpha, SubP Substance P, 
RANTES Regulated upon activation, normal t-cell expressed and presumably 
secreted; D, CRP c-reactive protein, r Spearman’s correlation coefficient, ODI 
Oswestry Disability Index

Biomarker Treatment Change in pain Change in ODI

r p r p

NPY Group 1 −.15 .430 −.13 .480

Group 2 .19 .347 −.03 .857

Group 3 −.29 .129 −.24 .202

E-Selectin Group 1 .04 .834 −.00 .978

Group 2 .10 .615 .38 .056

Group 3 .07 .711 .08 .674

TNFα Group 1 .16 .396 .28 .124

Group 2 −.15 .449 .13 .516

Group 3 .06 .741 −.18 .357

SubP Group 1 −.00 .982 −.14 .436

Group 2 .10 .612 .33 .095

Group 3 .13 .494 .28 .186

RANTES Group 1 .24 .197 −.04 .846

Group 2 −.16 .434 −.01 .946

Group 3 −.05 .783 −.26 .186

Vitamin D Group 1 .24 .204 .33 .070

Group 2 −.05 .812 −.24 .231

Group 3 −.15 .443 −.02 .923

CRP Group 1 −.26 .165 −.24 .199

Group 2 .20 .311 .31 .111

Group 3 .26 .179 .06 .748
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the context of how it correlates with clinical features and 
their application in the decision-making process for clini-
cal treatment. In addition, it is implausible that any single 
biomarker alone would be able to determine the clinical 
course of action, but rather should be considered in the 
context of a complex clinical presentation. In this light, 
even a 0.20 correlation may contribute to making impact-
ful decisions regarding clinically complex patients. This 
is particularly true when considering that the approach 
often used for clinical decision-making for LBP treatment 
relies heavily on diagnostic imaging, which has not been 
found to be correlated with pain and function [9, 35, 36]. 
While these associations are not sufficient independently 
to impact clinical guidelines, they represent an important 
contribution to potentially supplementing diagnostic and 
prognostic tools.

Furthermore, we found associations between baseline 
levels of NPY and E-Selectin, both of which had a corre-
lation coefficient above 0.20. NPY levels have been found 
in previous literature to be correlated with chronic pain 
[37], though our finding in acute and subacute LBP sub-
jects is novel, warranting further research involving this 
biomarker. The literature on E-Selectin and pain shows 
an unclear trend. There is evidence of a significant cor-
relation between baseline E-Selectin and pain levels for 
patients with chronic LBP (but not acute) [19]. However, 
another study found no association between E-selectin 
levels and pain or pain-related function in an older adult 
cohort with disc degeneration [9]. Our study highlights 
that pain levels in acute and subacute LBP patients may 
be associated with heightened levels of E-selectin, thus 
adding evidence to an area of research that needs clarifi-
cation [37–40].

This study allowed us to explore the potential associa-
tion between biomarkers and treatment outcomes. This 
topic has been gaining increasing attention in the litera-
ture, having been explored across this population and by 
treatment groups. The examined biomarkers represent 
only a sampling of potential biomarkers that may show 
important associations. We chose to study well-known 
inflammatory and pain biomarkers in this initial effort to 
identify candidate predictive biomarkers. While clearly, 
additional validation and an examination of a broader 
array of biomarkers are needed, these findings support 
future research on the potential utility of circulating bio-
markers in this population.

Considering the small numbers of patients in each 
treatment group, though no significant correlations were 
found, even a 0.20 correlation may contribute to making 
impactful decisions when choosing manipulation-related 
treatments over usual medical care for LBP. Interestingly, 
vitamin D showed a change in disability and/or change 
in pain (|r| ≥ 0.20) in manipulation-related treatment 

groups only. This pattern warrants further study with a 
larger study population. The correlation coefficient of the 
other analyzed biomarkers was at least 0.20 associated 
with pain and/or ODI changes at 4 weeks in one of three 
treatment groups. These results are difficult to interpret 
since they present across different treatment groups.

The small sample sizes for each group are clear limita-
tions to these results. These limitations are even more 
relevant because we used this exploratory analysis for 
multiple comparisons. However, this limitation is tem-
pered by the need for novel targets and the risk of missed 
findings. This study had some other limitations, includ-
ing its small sample size and exploratory nature. The 
data distribution could not be considered normal, which 
was addressed using non-parametric statistical analysis. 
Furthermore, the average BMI value for the included 
population was elevated (29 ± 5.9), which has potential 
implications for the inflammatory markers. Nonetheless, 
numerous studies have presented similar average BMI 
values [38–41], which point to the complexity of control-
ling for such a variable when older age and higher BMI 
are closely confounded.

Another limitation of this study was the absence of a 
control group that received no treatment, which would 
have allowed for observation of changes in biomarker 
levels over time via natural history. This improvement 
could have been possible by having participants assigned 
to a wait-list control group and would have added a layer 
of information in comparing the various interventions. 
Additional work should be pursued in this area to gain 
further insight into the role of biomarkers and changes 
in clinical outcomes. Another limitation was the lack of 
a blood draw immediately after the first intervention ses-
sion; this would have made the study more comparable to 
previous research in this article’s literature review section 
and could help form future research questions. How-
ever, on the contrary, the inclusion of later time points 
for clinical outcomes is a strength of this study since 
they support the association between baseline biomark-
ers and clinical outcomes. Last, confounders could have 
impacted the analysis results, such as medications, sup-
plements, and other conditions which could contribute 
to the biomarker pool, even though the RCT design is 
generally accepted to address this potential issue.

In identifying relevant serum biomarkers, previous 
work suggests that panels of biomarkers may provide 
greater predictive power than any single biomarker alone 
[9]. Also, combining molecular biomarkers with clinical 
metrics may likely prove to be the most helpful approach 
in identifying those patients most expected to benefit 
from a given treatment. This combined approach repre-
sents a potential new avenue for sub-classifying patients 
and developing individualized treatment plans to address 
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sub-group differences. Overall, the associations we 
observed do not point at robust, direct mechanisms but 
likely depend on a more comprehensive set of physiologi-
cal and clinical interactions that are still not understood. 
More research is thus warranted in this area.

Conclusion
We found small correlations of vitamin D, CRP, NPY, and 
E-selectin with pain and disability at baseline and weak 
correlations of baseline vitamin D with improvement in 
outcomes following a four-week course of treatment with 
manipulative-related therapies. For acute and subacute 
LBP. We believe these data make an important contri-
bution to the field of research on biomarkers and pain, 
suggesting that these serum biomarkers could have a 
potential role in further study of the mechanisms of prev-
alent LBP and prediction in related treatment outcomes 
and therefore warrant further evaluation. Future bio-
markers research may help inform a personalized medi-
cine approach to LBP management.
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