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Abstract
The prevalence of patients with chronic pain who display depressive symptoms is quite high, with depression 

potentially an integral component of chronic pain. Since the current subjective clinical diagnostic systems were not 
designed to assess depression in patients with chronic pain, they fail to adequately capture the nature of mood 
states of these patients. It is difficult to apply these assessment tools to segregate unipolar depression (MDD) from 
the demoralization inherent in chronic pain states. MDDScore™, a multivariate biomarker blood test for depression, 
was used to determine if it was possible to identify biomarker patterns consistent with major depressive disorder in 
multiple chronic pain states. Three study groups were analyzed, and included: (i) patients (n=93) with centralized 
Chronic Intractable Pain (CIP), (ii) patients (n=20) with chronic pain of diverse origin from Scripps Pain Clinic (SPC) 
and (iii) prospectively collected patients (n=28) with comorbid arthritis and depressive symptoms. A very distinct bi-
modal pattern was observed. Forty-nine of 93 CIP patients (52.7%), 18 of 28 (64.2%) of the arthritis patients, and 
9 of 20 (45%) patients with chronic pain of diverse origin from Scripps Pain Clinic had MDDScores of ≥5. Thus, the 
biomarker panel could segregate patients into two major groups based upon MDDScores. These data suggest but 
not prove we can objectively identify chronic pain patients with a higher probability of comorbid major depression.

Importantly, we can use the biomarkers on the MDDScore panel to gain insight into and gauge the residual 
(post-treatment) level of inflammation in these intensively treated patients. To this end, we determined and compared 
the serum concentrations of alpha-1 antitrypsin (A1AT), Myeloperoxidase (MPO) and soluble tumor necrosis factor 
receptor type 2 (sTNFR2) in each of the patient populations studied.

Keywords: Clinical diagnostic; Demoralization; Biomarker blood
test; Depression

Introduction
Approximately 100 million people in the United States suffer 

from chronic pain, which has been shown to adversely affect social 
relationships, work productivity, and quality of life, and is the leading 
cause of disability in the US [1-3]. The prevalence of patients with chronic 
pain who display depressive symptoms is quite high, with depression 
potentially an integral component of centralized pain [4-6]. Patients 
with chronic pain and depression have worse health outcomes than 
those with chronic pain alone [7-9]. One explanation for this finding is 
that psychological comorbidities, such as depression, can interfere with 
the effectiveness of pain treatment [10]. Prevalence studies have found 
that 18% to 56% of people with chronic pain suffer from a depressive 
disorder [3,5,9]. Pain patients often suffer from fatigue, anxiety, and 
poor quality of life; as such, they are frequently somatically focused 
[11,12]. Therefore, while the validity of self-reporting depression scales 
has been established in psychiatric settings, it is not clear that they are 
adequate tools for chronic pain patients 

Often antidepressants, while not specifically intended to treat 
chronic pain, are used in the treatment of many chronic pain conditions, 
even when depression isn't recognized as a factor. One reason for that 
lack of recognition of comorbid depression is that depression scales 
and/or clinical psychological evaluations are not routinely employed in 
chronic pain patient care. A convenient and accurate quantitative test to 
serve as a depression diagnostic tool in chronic pain patients is needed. 
To this end, Bilello et al. described a biomarker panel (MDDScore; 
San Diego, CA) which can be used as an aid in MDD diagnosis [13]. 
It consists of nine biomarkers associated with the neurotrophic, 
metabolic, inflammatory, and hypothalamic-pituitary-adrenal (HPA) 
axis pathways. The neurotrophic pathway is represented by one 

biomarker (Brain Derived Neurotrophic factor; BDNF) while the 
metabolic pathway is represented by three biomarkers (prolactin {PRL}, 
resistin {RETN}, Apolipoprotein C3 {APOC3}). Biomarkers for the 
inflammatory pathway (alpha-1 antitrypsin {A1AT}, myeloperoxidase 
{MPO} and soluble Tumor Necrosis Factor alpha receptor type II 
{sTNFR2}) are more frequently associated with chronic inflammation 
as opposed to acute inflammation. The HPA axis pathway is represented 
by two biomarkers, epidermal growth factor (EGF) and cortisol. This 
panel, plus its associated proprietary algorithm, has produced good 
sensitivity and specificity in differentiating MDD patients from normal 
subjects.

The first objective of this study was to determine if we can use the 
MDDScore test to identify pain patients with a physiological profile 
consistent with major depressive disorder and discriminate them from 
those who are demoralized by pain and display a depressed mood. 
Secondly, we were interested in assessing the serum levels of chronic 
inflammatory biomarkers within the MDDScore panel in patients with 
chronic pain in order to gain insight into and gauge the residual (post-
treatment) level of inflammation in chronic pain states.



Citation: John AB, Linda MT, Shurman J, Forest ST (2017) Can We Use MDDScore for the Identification of Comorbid Major Depressive Disorder 
(MDD) in Patients with Chronic Pain? J Mol Biomark Diagn 8: 319. doi: 10.4172/2155-9929.1000319

Page 2 of 5

Volume 8 • Issue 2 • 1000319J Mol Biomark Diagn, an open access journal
ISSN:2155-9929 

Methods
Pain patient population

Extrahepatic The three study groups analyzed included: (a) patients with 
centralized intractable pain (CIP) from the Veract Intractable Pain Clinic 
(n=93), (b) patients with chronic pain of from the Scripps pain clinic (SPC) 
(n=20), and (c) a series of prospectively collected patients with comorbid 
arthritis and depressive symptoms (n=28) were from multiple sources. 
Samples were collected from patients during the years 2012-2014 and were 
stored at a temperature lower than -80° prior to assay.

The gender and age distribution of the subjects are found in Table 
1 below.

The arthritis group was a prospective collection of patients who 
presented with depressed mood and whose clinicians listed arthritis 
as a comorbidity upon submission for testing at Ridge Diagnostics. 
Nineteen patients (68%) were female and nine (32%) were male. The 
average BMI for females was 31 ± 5.9 (range 20.2-45.5). Males had an 
average BMI of 27.3 ± 5.9 (range 18.4-35.5).

The CIP study group consisted of patients diagnosed with 
centralized intractable pain by Dr. Tennant at the Veract pain clinic. 
Fifty-nine (63%) were female and 34 (37%) were male. The average BMI 
for females was 26.5 ± 7.8 (range from 13.3-48.7). Males had an average 
BMI of 27.9 ± 4.8 (range 19.6-40.9).

The SPC patients represent a diverse group of Dr. Shurman’s 
patients. They included those diagnosed with post-laminectomy 
syndrome (n=5), fibromyalgia (n=4), degenerative disc disease (n=3), 
neuralgic headache (n=2) and other chronic pain states (n=6). Eleven 
patients (55%) were female and 9 (45%) were male. The average BMI for 
females was 28.5 ± 6.9 (range 20.9-43.3). Males had an average BMI of 
27.3 ± 2.8 (range 22.3-28.1).

Patients 18 years and younger were excluded. However, there was 
no specific exclusion criteria for pain patients both genders and all co-
morbidities were permitted. All medications were allowed, while they 
represent potential confounders, they were substantially diverse and 
more often than not used in combination and essential for the patient’s 
wellbeing. Non-depressed subjects were excluded if they had previously 
been diagnosed with depression or were taking antidepressants. MDD 
patients were diagnosed with major depression as previously reported [13].

Sample collection and handling

Each study subject provided a blood sample, which was processed to 
collect serum. The sites prepared serum under standardized conditions. 
Briefly, blood was allowed to clot for 30 minutes, centrifuged 10 minutes 
at 1300 × g (RCF: relative centrifugal force) to collect serum that was 
aliquoted within 30 minutes of centrifugation. Serum samples were 
promptly shipped at 4°C (or frozen at -80°C until ready for shipment 
on dry ice) to the Ridge Diagnostics CLIA Laboratory (Research 
Triangle Park, NC). The date and time of the blood draw was recorded 
by the study site for each sample, along with subject gender, height, and 
weight. All samples were identified by a sequentially applied accession 
number which blinded the technician doing testing to the source of the 
sample and patient identifiers.

Serum biomarker assays

Serum levels of the 9 biomarkers in the MDDScore panel, (A1AT, 
ApoC3, BDNF, Cortisol, EGF, MPO, PRL, RETN, and sTNFR2), were 
measured by validated individual quantitative immunoassays. Standard 
curves for calibrating the quantity of each biomarker were generated by 
non-serial dilution of each purified protein. Normal reference ranges 
(mean ± 2SD) for each biomarker were previously determined from 
a large healthy control group; gender specific differences in normal 
reference ranges were observed for some analytes. Both A1AT and 
ApoC3 concentrations were measured by an analytically validated 
immunoturbidimetric assay developed at the Ridge Laboratory. BDNF 
and sTNFR2 were quantified using ELISA kits (Quantikine, R&D 
Systems/BioTechne, Minneapolis, MN). EGF and RETN were quantified 
by an ELISA developed at the Ridge Laboratory (reagents from R&D 
Systems/BioTechne, Minneapolis, MN). MPO was quantified using an 
ELISA kit (ALPCO, Salem, NH). PRL was quantified using a human 
serum ELISA, and Cortisol was quantified using a competition ELISA 
(Monobind, Lake Forest, CA).

The sensitivity and specificity of the MDDScore panel and algorithm 
are 94% and 92% and the area under the ROC curve (AUC) is 0.96 [13].

Cortisol adjustments for diurnal variation
It is well known that serum cortisol levels undergo a diurnal variation 

with peak levels occurring between 6-8 A.M. that gradually fall over the 
course of the day, reaching a lowest point around midnight. While the 
majority of subjects had their blood drawn for MDDScore testing in the 
late morning or early afternoon, when the decline in cortisol was linear, 
patients drawn early in the day (particularly 30-45 minutes after awakening) 
had peak levels. To control for this variation, we developed a method to 
convert all cortisol values to a noon-time equivalent (CORTcorr) using 
a concentration time curve derived from studies of diurnal variation in 
normal subjects and MDD patients [14,15].

Calculations
Age, gender, height, and weight of each subject was recorded and 

BMI was calculated using the formula BMI = (weight in lbs. × 703) / 
(height in inches)2 and an online calculator (http://www.mayoclinic.
com/health/bmi-calculator/NU00597). The MDDScore algorithm was 
as previously described [13].

The full algorithmic model is: Dx~Gender+CORTcorr+BDNF+l
og(MPO) +log(EGF)+Gender*(PRL+RETN+sTNFR2+BMI+Age)+A1
AT+APOC

Where, Gender * (PRL + RETN + sTNFR2 + BMI + Age) directs the 
model to include an interaction term between Gender and each of the 
variables PRL, RETN, sTNFR2, BMI and age as well as those variables 
themselves. Dx is the prediction of the diagnosis (MDD or not-MDD) 
of the subject that we obtain using the independent variables to the right 
of the ~. The use of ~ to specify the model as opposed to = is that for 
logistic regression used here, the independent variables don't directly 
predict/estimate Diagnosis (MDD vs. non-MDD) the dependent 
variable. Instead they estimate some other quantity (log-odds of having 
MDD, or the MDDScore, in our case) that predicts the diagnosis.

P values were calculated in excel using the TTEST function and 
assuming two tails and two samples of equal variance (homoscedastic).

Results
MDDScores in patients with chronic pain

The MDDScore utilizes the resultant serum concentrations of all of 

Group Females Males Age Range
Arthritis 19 9 70.2 ± 11 46-89

CIP 59 34 47.4 ± 11.3 24-72
SPC 11 9 50.8 ± 14.1 23-76

Table 1: Patient demographics.
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the biomarkers on the MDDScore panel in an algorithm which provides 
a single score between 1 and 9 [16]. Figure 1 shows the distribution of 
MDDScores in each of the three patient populations. The distribution of 
scores was not Gaussian. A very distinct bi-modal pattern was observed. 
Overall 43.5% scored 1-3, 8% scored 3-6 and 48.5% scored 7-9. Eighteen 
of 28 patients with comorbid arthritis (64.2%) had MDDScores greater 
or equal to 5. Forty-nine of 93 CIP patients (52.7%), 18 of 28 (64.2%) 
of the arthritis patients, and 9 of 20 (45%) patients with chronic pain 
of diverse origin from Scripps Pain Clinic had scores of ≥5. This is in 
contrast to an earlier prospective study using the same algorithm and 
assay technology, wherein 93.7% of well characterized MDD patients 
had an MDDScore greater or equal to 5; 91.8% of control patients had 
scores of <5 [13] (Figure 1).

The MDDScore panel of 9 biomarkers and algorithm were used to 
determine the MDDScore in each group of pain patients. The test scores 
ranged from 1 to 9. An MDDScore of 1 to 4 suggests a low probability 
or likelihood of the patient having depression. An MDDScore of 5 to 9 
suggests the patient has a high probability or likelihood of MDD [13].

The histogram above shows the distribution of MDDScores in 
patients with chronic pain. The majority of the patients had and 
MDDScores of 1 or 9, indicative that patients with chronic pain 
exhibited a bimodal pattern.

Since the MDDScore algorithm incorporates gender and BMI as 
clinical parameters, we also looked at the distribution of MDDScores 
by gender and BMI. Table 2 shows the distribution of MDDScores <5 
and ≥5 in the pain populations, by gender. Table 2 shows the percentage 
of male and female pain patients with MDDScores of <5 or ≥5. While 

there are differences in the absolute distribution, there is no significant 
bias of MDDScore in male and female patients.

No significant differences in BMI were seen between female 
patients with MDDScores <5 (26.6 ± 7.2) and those with ≥5 (28.6 ± 
7.7), p=0.21. Similarly, there were no significant differences in BMI in 
male pain patients with MDDScores <5 (27.1 ± 4.4) and those with 
scores ≥5 (27.8 ± 4.4), p=0.53.

Chronic inflammatory proteins in patients with chronic pain

The MDDScore test panel measures the serum concentrations of 
three biomarkers of chronic inflammation: A1AT, MPO, and sTNFR2. 
Tables 3-5 show the mean serum concentrations of each chronic 
inflammatory biomarker for the pain patients. The chronic pain patient 
data is presented along with that of MDD patients and non-depressed 
controls from our earlier study [13].

It is clear from Tables 3-5, that there are differences in the serum 
concentration of A1AT, MPO, and sTNFR2 between groups of subjects. 
The CIP patients had the highest serum levels of A1AT and MPO, while 
patients with arthritis had the highest concentrations of circulating 
sTNFR2. Probability (p values) were calculated using the Student 
TTEST to assess the statistical significance of differences in serum 
concentration of each biomarker between the chronic pain populations, 
healthy non-depressed subjects, and well-characterized MDD patients. 
Tables 6-8 indicate the p values for A1AT, MPO, and sTNFR2 between 
the chronic pain groups and the normal subjects and MDD patients 

Figure 1: Distribution of MDD scores in chronic pain populations.

Group n Mean Std Dev Range
Arthritis 28 138.7 28.8 74-201

CIP 93 183 38.9 105-281
SPC 20 130.2 42.1 71-215

Non-Depressed 86 148.9 35.2 55-259
MDD Patients 68 156.0 37.3 92-257

Table 3: Serum concentrations of alpha-1 antitrypsin (mg/dL).

Group n Mean Std Dev Range
Arthritis 28 192.5 101.3 88-539

CI P 93 352.4 164.9 105-928
SPC 20 238.3 119.0 102-488

Non-Depressed 86 188.2 107.9 80-567
MDD Patients 68 273.5 178.7 89-925

Table 4: Serum concentration of myeloperoxidase (ng/mL).

Group n Mean Std Dev Range
Arthritis 28 4861.5 2537.7 2167-13654

CIP 93 3078.9 1109.4 1154-7727
SPC 20 2559.2 947.2 1479-4614

Non-Depressed 86 2548.1 666.7 1633-5798
MDD Patients 68 2550.7 681.9 1428-4810

Table 5: Serum concentrations of soluble tumor necrosis factor receptor type 2 
(pg/mL).

 Arthritis SPC CIP Normal MDD
Arthritis - 0.39 <0.0001 0.16 0.03

SPC 0.39 - <0.0001 0.036 0.01
CIP <0.0001 0.05 - 0.0001 <0.0001

Normal <0.0001 0.036 <0.0001 - 0.23
MDD <0.0001 0.009 <0.0001 0.23 -

Table 6: P values for serum concentrations of alpha-1 antitrypsin between study 
groups.

 Males (%) Females (%)
Group <5 ≥5 <5 ≥5

Arthritis 31.6 68.4 44.4 55.6
CIP 54.5 44.5 42.4 57.6
SPC 44.4 55.6 63.6 37.4

Table 2: Distribution of MDD scores by gender.

 Arthritis SPC CIP Normal MDD
Arthritis - 0.158 <0.0001 0.854 0.025

SPC 0.158 - 0.004 0.069 0.409
CIP <0.0001 0.004 - <0.0001 0.004

Normal 0.854 0.069 <0.0001 - 0.004
MDD <0.0001 0.009 0.004 0.0003 -

Table 7: P values for serum concentrations of myeloperoxidase between study 
groups.
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from our earlier study [13]. CIP patients were significantly different 
from all other groups of patients.

Discussion
It has been shown that psychiatric illness, particularly unipolar 

depression or MDD, is actually a common comorbidity (30% to 
60%) in chronic pain patients, often confounding a full diagnosis of 
those individuals. MDDScore is a multivariate biomarker assay plus 
a proprietary algorithm that provides a score based upon the serum 
levels of biomarkers of the inflammatory, HPA axis, metabolic and 
neurotrophic pathways. Our results indicate that MDDScore was 
able to segregate seemingly diverse populations of pain patients into 
two groups. From 45% to 65% of the pain patients had MDDScores 
≥5 indicative of depression. This suggests that MDDScore may be 
able to identify patients with a higher probability of comorbid major 
depression. These data are in contrast to well-characterized MDD 
patients where 65 of 68 patients (95.5%) had MDDScores ≥5 [13]. In 
that same study, 9 of 86 (8.1%) non-depressed subjects had MDDScores 
≥5. This comparison suggests that approximately half of the chronic 
pain patients had a serum biomarker profile consistent with patients 
with MDD that we had previously characterized. It is important to note 
that in our survey of three diverse patient populations with chronic 
pain, 45% to 65% had high MDDScores which would be consistent 
with longstanding estimates (30% to 60%) of comorbid depression in 
chronic pain patients [3,5,9]. While this study suggests that MDDScore 
could be useful in objectively identifying chronic pain patients with 
depression, it does not a priori establish that clinical utility. Other 
studies in pain patients with well-established MDD diagnoses appear 
to be required. Studies of the response of patients with high and low 
MDDScores to antidepressant treatment may be useful in this regard 
since it is known that treatment decreases in pain will be associated 
with antidepressant depression response [17].

While not specifically developed to treat chronic pain, certain 
antidepressants such as those with serotonin or norepinephrine 
reuptake inhibition (SSRI, SNRIs) play an important role in the 
treatment of many chronic pain conditions, even when comorbid 
depression isn't recognized [18-21]. Indeed, tricyclic antidepressants 
are considered first-line systemic therapy for many neuropathic pain 
syndromes. Most of the chronic pain patients in this study have or have 
had antidepressants as part of their therapeutic regimen. However, the 
incorporation of an antidepressant into the patient’s treatment regimen 
was often an empirical decision. Nonetheless, the extent to which 
depression is due to psychological factors and to what extent is it due 
to a biochemical disturbance is an extremely important distinction in 
guiding treatment decisions. In this regards Preston and Johnson in 
“Clinical Psychopharmacology” made the following comment: “Most 
purely psychological problems are not helped by medication treatment. 
On the other hand, most biologically based psychiatric disorders 
require medication treatment” [22].

In this study of three pain populations we also gained physiological 
information on biomarker expression patterns in chronic pain states. 

The largest group of patients we evaluated were those with central 
syndromes wherein sensitization of the pain system occurs that can 
either be relegated to a specific part of the body or encompass the 
entire body. Central pain is typically constant, and may be moderate 
to severe in intensity. CIP patients, as a group, have been shown 
to have a more severe, persistent pain that usually fail to respond to 
non-narcotic analgesics and other treatment measures [23,24]. We 
also examined expression in the Scripps Pain Clinic group of patients 
who had both localized and diffuse pain symptomatology including 
post-laminectomy syndrome, neuralgic headache, fibromyalgia, 
and degenerative disc disease. In some respect the SPC group is one 
where pain was more localized. Lastly, we had access to patients with 
depressed mood and comorbid arthritis which suggested that their 
pain was primarily localized to joints such as the back (most common), 
knee or neck. We used the MDDScore biomarker panel to measure and 
compare the expression of three chronic inflammatory biomarkers in 
each group of chronic pain patients; and in comparison to previously 
determined values for MDD patients and normal subjects. Alpha-1 
antitrypsin (A1AT), an acute phase protease inhibitor belonging to the 
serpin superfamily, protects tissues from elastase and other enzymes 
released from inflammatory cells [25]. Myeloperoxidase (MPO) is 
an inflammatory peroxidase enzyme most abundantly present in 
neutrophil granulocytes [26,27]. Lastly, we measured serum levels of 
sTNFR2, a circulating form of the receptor for TNF alpha involved in 
reducing systemic inflammation by binding TNF [28]. 

While there are some clinical tests for inflammation e.g. 
measurement of C-reactive protein or erythrocyte sedimentation 
rate (ESR) they are generally non-specific: particularly with regards 
to chronic inflammation [29,30]. Tables 3-5 show the mean serum 
concentration of each of the inflammatory biomarkers. The highest 
mean serum concentration of A1AT and MPO were seen in CIP patients, 
while the highest mean serum level of sTNFR2 was observed in patients 
with arthritis. All of the patients with chronic pain we studied were 
being treated, often with a variety of medications both non-narcotic 
and narcotic. Our observation that subsets of the three inflammatory 
biomarkers can be expressed in these aggressively treated patients 
suggests that despite treatment residual inflammation is present. It 
should be pointed out that A1AT and sTNFR2 are anti-inflammatory 
mediators which circulate systemically at reasonable concentration 
to block pro-inflammatory molecules released by inflammatory cells 
[25,28]. In contrast, MPO is a well-known enzyme, mainly released 
by activated neutrophils, characterized by powerful pro-oxidative and 
proinflammatory properties [25,26]. MPO’s role in both psychiatry and 
pain may be related to its elaboration from glial cells [31-34]. To that 
end patients with arthritis, a localized response, had the lowest mean 
levels of serum MPO and the highest mean levels of sTNFR2. Statistical 
analysis of the biomarker data (Tables 6-8) indicated that the CIP 
patients as a group were significantly different from SPC and arthritis 
patients in the serum levels of all three biomarkers. Levels of A1AT, 
MPO, and sTNFR2 in the serum of CIP patients were also significantly 
different from MDD patients and normal subjects. With the exception of 
sTNFR2 serum levels, arthritis patients were not significantly different 
from the patients from SPC. Clearly the size of the SPC and arthritis 
groups were smaller than we would have liked, and while we identified 
residual inflammation in each group, larger groups of well characterized 
patients would need to be evaluated to see if differences in biomarker 
expression between groups can be established. It should be pointed out 
that we have focused upon mean serum biomarker concentrations, 
and as noted in Tables 3-5. There is a range of concentrations in each 
patient group such that it may be difficult to segregate CIP patients with 

 Arthritis SPC CIP Normal MDD
Arthritis - 0.0005 <0.0001 <0.0001 <0.0001

SPC 0.0005 - 0.05 0.95 0.96
CIP <0.0001 0.05 - 0.0001 0.0005

Normal <0.0001 0.95 0.0001 - 0.98
MDD <0.0001 0.96 0.0005 0.98 -

Table 8: P values for serum concentrations of soluble TNF receptor type 2 between 
study groups.
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centralized pain from other patients with other types of chronic pain. 
Nonetheless, use of the MDDScore test which includes biomarkers of 
chronic inflammatory processes may provide better clinical evidence 
for continued inflammation and tissue damage. Knowledge of residual 
inflammation may provide guidance to clinicians treating patients with 
chronic pain and may aid in designing regimens targeting persistent 
inflammation. 

Future studies will tell us whether an objective, physiological tool 
such as MDDScore would be clinically useful in the identification of 
patients with physiologically based depression who may benefit from 
having an antidepressant added to their therapeutic regimen, versus 
those patients whose depressed mood is one better characterized as an 
Adjustment Disorder and will likely benefit more from counseling. 
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