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Objective: To develop a claims-based algorithm for identifying patients who are adherent 

versus nonadherent to published guidelines for chronic pain management.

Methods: Using medical and pharmacy health care claims from the MarketScan® Commercial 

and Medicare Supplemental Databases, patients were selected during July 1, 2010, to June 30, 

2012, with the following chronic pain conditions: osteoarthritis (OA), gout (GT), painful diabetic 

peripheral neuropathy (pDPN), post-herpetic neuralgia (PHN), and fibromyalgia (FM). Patients 

newly diagnosed with 12 months of continuous medical and pharmacy benefits both before and 

after initial diagnosis (index date) were categorized as adherent, nonadherent, or unsure accord-

ing to the guidelines-based algorithm using disease-specific pain medication classes grouped 

as first-line, later-line, or not recommended. Descriptive and multivariate analyses compared 

patient outcomes with algorithm-derived categorization endpoints.

Results: A total of 441,465 OA patients, 76,361 GT patients, 10,645 pDPN, 4,010 PHN patients, 

and 150,321 FM patients were included in the development of the algorithm. Patients found 

adherent to guidelines included 51.1% for OA, 25% for GT, 59.5% for pDPN, 54.9% for PHN, 

and 33.5% for FM. The majority (~90%) of patients adherent to the guidelines initiated therapy 

with prescriptions for first-line pain medications written for a minimum of 30 days. Patients 

found nonadherent to guidelines included 30.7% for OA, 6.8% for GT, 34.9% for pDPN, 23.1% 

for PHN, and 34.7% for FM.

Conclusion: This novel algorithm used real-world pharmacotherapy treatment patterns to evalu-

ate adherence to pain management guidelines in five chronic pain conditions. Findings suggest 

that one-third to one-half of patients are managed according to guidelines. This method may have 

valuable applications for health care payers and providers analyzing treatment guideline adherence.
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Introduction
In recent decades, the focus of patient care has been shifting 

toward disease management and quality improvement. Clinical 

practice guidelines, according to the 2011 definition developed 

by the Institute of Medicine, are disease management recom-

mendations intended to optimize patient care, “informed by 

systematic review of evidence and an assessment of the benefits 

and harms of alternative care options”.1 Objectives common 

to numerous clinical practice guidelines available from the US 

National Guideline Clearinghouse (Agency for Healthcare 

Research and Quality, US Department of Health and Humans 

Services) include improving the quality of care, treatment out-

comes, appropriateness and effectiveness of care, and providing 

an optimal ratio of costs to benefits.2 While most physicians are 

aware of their practice’s relevant guidelines, numerous studies 

have found gaps in clinician adherence to guidelines, leading to 

suboptimal outcomes of morbidity and mortality and significant 

financial costs estimated at $100 billion annually in the US.3–7

Guidelines should help physicians prescribe the best treat-

ment management pathway for most patients. Some disease-

specific guidelines are very clear and straightforward with 

their recommendations, such as Hypertension Guidelines 

linked to metrics (eg, blood pressure) to help guide when to 

incorporate adjunctive therapy.5,7 Other conditions are more 

complex, with many different treatment pathways one could 

prescribe, and one gold standard for guidelines may not exist, 

such as with chronic pain conditions. Guidelines for chronic 

pain conditions vary for FL treatments and adjunctive therapy 

based on the nature and level of pain. Measuring the level of 

pain is typically a subject matter that may vary for different 

patients and pain etiologies, making management even more 

complex. Furthermore, most patients have multiple pain 

comorbidities, making it hard to pinpoint the pain condi-

tion to be treated. Another challenge with pain conditions 

is the option for treatment with opioids, for which there is 

currently considerable controversy surrounding opioid use 

and abuse. Chronic pain guidelines typically layer treatment 

recommendations to deal with these factors, with treatment 

choices that may be complex and/or confusing.8–10

Measuring compliance with treatment guidelines has been 

studied in numerous disease areas, including asthma, heart 

failure, coronary artery disease, depression, diabetes, hyperlip-

idemia, hypertension, migraine, chronic obstructive pulmonary 

disease, hypertension, ischemic heart disease, stroke, and osteo-

porosis.3,4,6,7,11–14 Methods ranged from examining medical and 

pharmacy health care claims for specific characteristics, such as 

prescriptions for selected drugs, to examination of  electronic 

medical record (EMR) evidence, medical chart reviews, and 

physician or patient surveys. The use of administrative health 

care claims for guideline adherence studies leverages the 

potential longitudinality and large sample sizes afforded by 

“big data” coupled with documented evidence of actual care or 

treatments received in real-world practice settings and therefore 

of great potential utility for conducting such studies.4 However, 

despite the prevalence, expense, and numerous guidelines for 

the treatment of various types of pain, and especially in view of 

current controversies surrounding opioid use/abuse, we found 

a paucity of studies utilizing big data to measure adherence to 

chronic pain treatment guidelines.15 A deterrent to such stud-

ies may be the challenges in determining guideline adherence 

given the complexity of treatment pathways.

The goal of this study was to formulate a method for 

analyzing pain pharmacotherapies received in the real-world 

setting by patients with newly diagnosed chronic pain condi-

tions by comparing the medications taken for the disease/

condition with the existing pain management guidelines and 

measuring the effects of adherence and nonadherence to treat-

ment guidelines. This study undertook a novel approach by 

devising a unique algorithm that systematically categorizes 

adherence based on practices common to the pain manage-

ment guidelines and then using administrative health care 

claims to create and analyze longitudinal treatment patterns 

before and after the index date diagnosis for each patient 

to compare against the guideline adherence algorithm. The 

following five chronic pain conditions were evaluated using 

this new algorithm: OA, GT, pDPN, PHN, and FM.

Methods
Study design and data sources
Adherence to pain management guidelines was measured 

using prescription claims for evaluating treatment of the 

chronic disease pain, as well as the disease guidelines of 

focus. Study variables were derived from administrative 

medical and pharmacy claims data from the Truven Health 

Analytics’s MarketScan® Commercial Claims and Encoun-

ters (Commercial) and Medicare Supplemental (Medicare) 

Databases using enrollment records, service dates, ICD-

9-CM codes, CPT-4® codes, HCPCS codes, and NDCs, to 

identify diagnoses and services provided.

The process involved two main steps. First, we identified 

all relevant guidelines through a review of literature gather-

ing and comparing published pain guidelines for the selected 

conditions, then evaluated different layers of recommenda-

tions and levels of evidence, assessed consistency among 

available publications, and developed categorizations for the 

medications. The following are the guidelines used for each 

of the five chronic pain conditions (note that more recent 

versions of these guidelines may be available):
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•	 OA: OARSI Guideline 201016 and ACR Guideline 2012.17

•	 GT: ACR 2012 guidelines for GT (part 2 – flare ups),18 

EULAR 2006 gout guidelines,19 and British Society for 

Rheumatology – Treatment Guidelines for Gout 2007.20

•	 Neuropathic pain (used for both PHN and pDPN): EFNS 

2010,21 AAN Guidelines 2011,22 Neuropathic Pain and 

Pharmacological Treatment,23 and 2007 Pain – Dworkin.24

•	 FM: Canadian Guidelines 2012.25

Based on the guidelines for each condition, pain medica-

tions were grouped as FL for those drug classes recom-

mended as the best choice/highest efficacy, as LL for drug 

classes with limited evidence of effectiveness or considered 

an alternative when there is an inadequate response to FL, 

and as NR for treatments without evidence of efficacy, not 

evaluated by the guidelines or deemed inappropriate for the 

condition (Table 1). (All FL, LL, and NR medications by 

chronic pain condition may be found in Table S1.)

The MarketScan® Commercial Claims and Encounters 

and Medicare Supplemental databases are fully compliant 

with the Health Insurance Portability and Accountability 

Act (HIPAA), and have been certified to satisfy conditions 

set forth in Sections 164.514 (a)-(b)1ii of the HIPAA pri-

vacy rule regarding the determination and documentation of 

statistically de-identified data. Therefore because this study 

used only de-identified patient records and did not involve 

the collection, use, or transmittal of individually identifiable 

data, Institutional Review Board (IRB) approval to conduct 

this study and patient consent were not required.

Algorithm development
The second step was developing the algorithm to link patients’ 

patterns of medication use to the guidelines. All the possible 

pathways of treatment that were occurring in these newly 

diagnosed patient populations had to be considered. Ideally, 

the goal was to group all patients according to their clinicians’ 

pain medication prescribing patterns as either adherent or 

nonadherent to the pain management guidelines. It became 

apparent early in the process that the variability found in 

observational real-world prescription data, and especially for 

the large sample sizes available, required a third category, 

referred to as the “unsure” cohort, that could not be categorized 

definitively due to unclear or unexplainable treatment patterns 

(ie, no pain medications or inconsistent medication patterns). 

These patients were grouped separately to reduce misclassi-

fication error in guideline adherent and nonadherent cohorts. 

Figure 1 pictorially depicts all of the treatment pathways and 

decision tree rules leading to the assignment of a patient’s 

pain medication pattern as adherent, nonadherent, or unsure.

Table 1 First-line and later-line pain medication classes for five 
chronic pain conditions

Pain 
condition

First-line pain 
treatments

Later-line pain 
treatments

Osteoarthritis NSAIDs (including Cox-2 
inhibitors)a

Opioids (weak and 
strong)

Acetaminophen
Hyaluronic acid
Intraarticular injectable 
corticosteroids 

Goutb Colchicine Adrenocorticotropic 
hormone

NSAIDs (including Cox-2 
inhibitors)a

Oral corticosteroids
Painful diabetic 
peripheral 
neuropathy

Pregabalin and gabapentin Capsaicin, topical 
lidocaine

SNRIs (all) NMDA receptor 
antagonists

TCAs (all) Opioids (weak and strong)
Postherpetic 
neuralgia

Pregabalin and gabapentin Capsaicin
Topical lidocaine NMDA receptor 

antagonists
SNRIs (all) Opioids (weak and 

strong)
TCAs (all)

Fibromyalgia Pregabalin and gabapentin Opioids (weak and 
strong, except tramadol)

SNRIs (all) Acetaminophen
TCAs (all) NSAIDs
SSRIs (all) Anticonvulsants 

(except pregabalin and 
gabapentin)

Tramadol

Notes: aAll NSAID dosage forms, including topicals, were included. bFor gout, the 
medications chosen were for treating the associated pain. Urate-lowering therapy 
was not included as it is not used for analgesia.
Abbreviations: NMDA, N-methyl-d-aspartate; NSAIDs, nonsteroidal anti-
inflammatory drugs; SNRIs, serotonin–norepinephrine reuptake inhibitors; SSRIs, 
selective serotonin reuptake inhibitors; TCAs, tricyclic antidepressants.

The algorithm assessed timing on the receipt of pain 

medications and the days’ supply (as stated in the prescription 

claim) relative to their index date diagnosis date up to 90 days 

before (preindex) or prescribed during the 12-month period 

following the index date diagnosis (postindex) relative to 

guidelines for each pain condition and using the above catego-

rizations of drugs as FL, LL, or NR. The first pain medication 

class received postindex was placed in context with all other 

pain medications received up to 90 days preindex.

A patient’s clinicians’ pain prescribing was determined to 

be adherent to the treatment guidelines if there was at least 

30 days of continuous drug supply of an FL drug class during 

the postindex period prior to having any new prescriptions for 

an LL or NR drug class. If the FL prescription claim occurred 

prior to the index date date and the days supply overlapped the 

index date, then this was considered acceptable. Prescriptions 
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for LL or NR classes in the 90 days prior to index date were 

assumed to be for the treatment of a comorbid condition and 

therefore did not impact adherence classification.

A patient’s pain prescription pattern was identified as 

nonadherent to treatment guidelines if the first prescription 

during the postindex period was for a new treatment (ie, 

one not previously prescribed during the 90 days prior to 

index date) in LL or NR classes prior to receiving 30 days 

of continuous drug supply of an FL treatment.

A patient was grouped into the unsure category if they 

had no pharmacotherapy of any FL, LL, or NR drug during 

the postindex period, had no FL medications and no new 

LL or NR treatments (ie, continued on LL or NR treatments 

already prescribed during the 90 days prior to index date), or 

had <30 days of continuous drug supply on any FL treatment 

(ie, insufficient initial trial of FL treatments).

Patient selection
Patients were initially identified, considered newly diag-

nosed, for a pain cohort if they had ≥1 inpatient or >2 

outpatient claims at least 30 days apart with an ICD-9-CM 

diagnosis code for the chronic pain condition (OA 715.xx, 

GT 274.xx, pDPN 357.2x, PHN 053.1x, and FM 729.1x) 

during the period from July 1, 2006 to June 30, 2013, and 

were aged >18 years on the date of the first such diagnosis 

found (index date). In addition, to confirm that the diagno-

sis was painful, patients in the pDPN cohort were required 

to have a prescription neuropathic pain medication during 

the first 90 days. Patients were then excluded if they had 

a claim anytime during the study period with a diagnosis 

or procedure code for pregnancy, transplant surgery, or 

malignant cancer (except for basal cell and squamous cell 

skin cancers and benign neoplasms). All patients were 

required to have continuous medical and pharmacy benefit 

eligibility for a minimum of 365 days before the index date 

(preindex period) with no diagnoses for the chronic pain 

condition of interest (proxy for newly diagnosed). Continu-

ous medical and pharmacy benefits were also required for 

at least 365 days following the index date diagnosis date 

(postindex period).

Figure 1 Adherence algorithm treatment pathways and decision tree.
Abbreviations: FL, first-line; LL, later-line; NR, not recommended.

Is there a script for any pain medication on or after the study index date?

Is the first script on or after the study index date for a drug in the FL class
(or an FL and a script for LL or NR pain medication on the same day)

No

No

No

No Yes

Yes No

Yes No

Unsure Yes

Yes

Does the FL script have at 
least a 30 day supply?

Is the a script for a drug in the FL class with a day’s
supply that crosses over the study index date?

Is the first script for the LL or NR pain medication new
(ie, not present in the 90 days prior to index date)?

Continue into the follow-up period: are there any new pain
medication classes?

Is the first new pain medication script for a drug in
the FL class?

Yes

Yes

No Yes

No Yes

NoYes

Are there LL or NR pain medication
scripts within that first 30 days of supply

of the FL script?

Is the LL or NR pain medication class new
(ie, not present in the 90 days prior to index date)?

Is there a script for a drug in the FL class with a day’s supply that
crosses over the index date so that there are 30 days of supply

prior to the script for the LL or NR pain medication?

No

Unsure

Unsure

Adherent

Adherent

Adherent Nonadherent

Nonadherent

Nonadherent
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Outcome measurements
Each of the five chronic pain condition cohorts was analyzed 

separately to evaluate the adherent, nonadherent, and unsure 

adherence cohorts according to the adherence algorithm and 

drug treatment guideline classifications. Each algorithm 

endpoint (ie, reason and pathway in the decision tree) was 

identified and reported.

Health care cost and health care resource utilization were 

also measured for patients during the preindex and postin-

dex periods for each of the five pain condition cohorts and 

compared by guideline adherence status for adherent versus 

nonadherent to guideline cohorts. The patients classified into 

the unsure group were not included in the direct comparison 

of these outcomes because a clear status of adherence could 

not be determined. The detailed outcome analyses are the 

focus of and reported in a separately (to be) published article 

on this topic.

Key covariates
Demographic characteristics (age, gender, geographic region, 

urban residence, primary payer [commercial or Medicare], 

and insurance plan type) were measured on the index date 

for each patient in each of the five pain condition cohorts. 

Clinical characteristics measured in both pre- and postindex 

periods included comorbid conditions, pain-related symp-

toms, pain-related procedures (eg, physical therapy), and pain 

medication use. General health status (relative comorbidity) 

was also measured using the DCI,26 the number of unique 

three-digit ICD-9 codes, and the number of unique drugs 

received.27

Statistical analysis
Patient demographics, clinical characteristics, algorithm 

outcomes, and health care expenditure outcomes were 

summarized separately for each pain condition in a series 

of Microsoft Excel tables, with counts and percentages of 

patients in each category for categorical variables and with 

the mean and SD for continuous variables. GLMs28 were 

estimated to identify the impact of guideline adherence 

versus nonadherence on health care utilization and costs for 

each chronic condition, controlling for potential confound-

ing bias due to differences in patient demographics and 

preindex clinical characteristics. Details about the specific 

models conducted and results of all descriptive and multivari-

ate analyses for the outcomes are provided in depth in the 

accompanying article that is focused on cost and utilization 

outcomes comparing patients classified as adherent versus 

nonadherent to the respective treatment guidelines.

Results
Study population
There were 441,465 OA patients, 76,361 GT patients, 

10,645 pDPN patients, 4,010 PHN patients, and 150,321 

FM patients, meeting all eligibility criteria. The mean ages 

ranged from 48.6 years for FM patients to 65.8 years for 

PHN. Females represented the majority of patients in the OA, 

PHN, and FM cohorts. The pDPN cohort had approximately 

equal percentages of females and males. GT patients were 

predominantly males. Patients in the pDPN cohort had the 

highest comorbidity burden prior to diagnosis as measured by 

DCI score (3.0 versus <1.0 for all other cohorts) and higher 

mean counts of both unique ICD-9-CM diagnosis codes and 

unique drugs prior to index date compared to all other condi-

tions. (Patient demographics and clinical characteristics may 

be viewed in Table S2.)

Algorithm outcomes
Following implementation of the categorization algorithm 

to each of the five cohorts, the proportion of patients whose 

prescribing pattern was found to be adherent to the guide-

lines according to the algorithm ranged from approximately 

a quarter to slightly more than half depending on the pain 

condition (51.1% of OA patients, 25% of GT patients, 59.5% 

of pDPN patients, 54.9% of PHN patients, and 33.5% of 

FM patients). The pain medication prescribing patterns of 

the remaining patients from each pain cohort were either 

identified as being nonadherent to the guidelines or placed 

into the unsure category (Table 2).

Adherent
The majority (~90%) of patients with prescribing patterns 

adherent to the guidelines were identified by one of the fol-

lowing two pathways:

1. In one pathway, the first prescription for a pain medication 

following the index date was from the FL class. These 

patients then continued on FL for a minimum of 30 days 

prior any prescription for additional pain medications. 

Clinician’s prescribing adherence in this group was the 

most straightforward to identify as they were not pre-

scribing any pain medications in combination with the 

FL treatment.

2. In the other pathway, the first prescription for a pain medi-

cation following the index date was for an FL class and 

patients then continued on FL for a minimum of 30 days, 

but these patients also received prescription(s) for drugs 

in the LL or NR classes that were not new (present within 

90 days preindex). Clinician’s prescribing adherence in 
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this group was more difficult to identify because there 

were pain medications for preexisting conditions in com-

bination with the FL treatment for the newly diagnosed 

disease.

The results for patients whose prescribing patterns were 

adherent to guidelines is shown in Figure 2.

Nonadherent
The majority (~90%) of clinician’s prescribing patterns found 

nonadherent to the guidelines were identified by one of the 

following two pathways:

1. The first prescription following the index date was for 

a new initiated LL or NR class not found preindex, 

Figure 2 Reasons for categorizing patients adherent to treatment guidelines.
Abbreviations: FM, fibromyalgia; FL, first-line; GT, gout; LL, later-line; NR, not recommended; OA, osteoarthritis; pDPN, painful diabetic peripheral neuropathy; PHN, 
postherpetic neuralgia.
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Table 2 Reasons for guideline adherence categorizations (adherent, nonadherent, and unsure)

Description Osteoarthritis Gout Painful diabetic 
peripheral neuropathy

Postherpetic 
neuralgia

Fibromyalgia

Total cohort, n 441,456 76,361 10,645 4,010 150,321
Adherent (%) 51.1 25.3 59.5 54.9 33.3
Nonadherent (%) 30.7 6.8 34.9 23.1 34.7
Unsure (%) 18.2 68.0 5.6 22.0 32.0
Adherent cohort, n 225,557 19,288 6,338 2,200 50,073
Initiated treatment with 30 days’ supply of FL and no 
LL or NR (%)

63.4 84.7 39.7 36.1 36.7

Initiated treatment with 30 days’ supply of FL and no 
newa LL or NR (%)

31.3 13.8 49.1 52.7 49.4

Initiated treatment with 30 days’ supply of FL that 
crossed index date and no newa LL or NR (%)

5.4 1.5 11.1 11.2 13.8

Nonadherent cohort, n 135,414 5,177 3,713 928 52,178
Initiated treatment on newa LL or NR and no FL (%) 60.6 73.6 55.4 56.1 71.9
Initiated treatment on a newa LL or NR in 
combination with FL (%)

13.2 6.3 8.7 19.4 4.8

First new treatment was LL or NR and no FL (%) 26.2 20.1 35.9 24.5 23.3
Unsure cohort, n 80,485 51,896 594 882 48,070
No pain treatment during follow-up (%) 60.2 33.2 0.0 45.1 77.5
Initiated treatment on FL but <30 days’ supply (%) 25.1 63.9 43.6 46.3 13.3
No newa pain treatment during follow-up (%) 14.7 2.9 56.4 8.6 9.3

Note: aA treatment was considered to be newly prescribed if there were no claims for it during the 90 days prior to index date.
Abbreviations: FL, first-line; LL, later-line; NR, not recommended.
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and no prior FL drugs overlapping or after the index 

date.

2. The first prescription following the index date was for an LL 

or NR treatment found preindex, and the first new prescrip-

tion not found preindex was for a newly initiated LL or NR 

class, without no prescriptions for drugs in the FL class.

Only 5%–13% of the clinician’s prescribing patterns 

in the nonadherent group were categorized as nonadherent 

because they initiated treatment on combination therapy (FL 

concomitant with a new LL or NR).

The results for patients whose prescribing pattern was 

nonadherent to guidelines are shown in Figure 3.

Unsure
A patient was grouped into the unsure category if the treat-

ment pathways could not be clearly identified as being 

adherent or nonadherent to the guidelines. The reasons for 

categorizing prescribing patterns into the unsure group, 

as shown in Figure 3, varied over the five pain conditions. 

For the OA cohort and the FM cohort, 60% and 77% of the 

unsure groups, respectively, were patients with no claims for 

any pain medications. It is possible that some patients in this 

group were taking OTC medications or other treatments not 

usually found in claims data (eg, acupuncture). By definition, 

patients with a “painful” condition such as pDPN required 

treatment, although is was found that 56% of patients in the 

unsure group received treatments only in the postperiod who 

were already present preindex. For both the pDPN cohort and 

the PHN cohort, 43.6% and 46.3%, respectively, did not have 

a full 30-day supply of their FL medication.

The results for patients for whom it was unsure if they 

followed guidelines are shown in Figure 4.

Discussion
In this study, a novel algorithm was systematically designed 

for using big data to categorize the extent of clinicians’ 

prescribing adherence to chronic pain management guide-

lines based on each patient’s real-world treatment pattern 

over a period of 90 days before and up to 12 months after 

their initial diagnosis. This algorithm and the applied 

analytical methods accounted for a number of previously 

identified problems when using claims data to analyze 

adherence: 1)  accounting for clinicians failing to pre-

scribe an indicated drug or prescribing a contraindicated 

drug; 2) taking measures to minimize incomplete data (eg, 

including patients continuously enrolled in a health plan 

as the source of claims data, assessing patient eligibility 

for pharmacotherapy over the entire assessment period); 3) 

using methods that adjust for early prescription refills and/or 

medication adjustments within a drug class (eg, dose adjust-

ment or drug switching); and 4) requiring positive disease 

identification (ie, ≥1 inpatient or >2 outpatient claims at 

least 30 days apart with the ICD-9-CM diagnosis code for 

condition, not including provisional diagnostic claims such 

as laboratory testing and diagnostic radiology) to identify 

patients requiring therapy.4

Figure 3 Reasons for categorizing patients nonadherent to treatment guidelines.
Abbreviations: FM, fibromyalgia; FL, first-line; GT, gout; LL, later-line; NR, not recommended; OA, osteoarthritis; pDPN, painful diabetic peripheral neuropathy; PHN, 
postherpetic neuralgia; tx, treatment.
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It is important to note that our methods also allowed for 

patients who have multiple pain conditions, as is most often 

the case in the real world, and so more generally applicable. 

The data source, administrative claims, does not account for 

prescriptions written but never filled, and so the adherence 

categorizations may underestimate clinician’s guideline 

adherence. Integration of administrative claims with elec-

tronic medical records has the potential to fill that analytic 

gap, although that was not done for this study. Our study 

methods are in agreement with the 10-step method for assess-

ing both clinician’s evidence-based adherence and patients’ 

medication adherence identified by Kawamoto et al4 and have 

gone one step further to explicitly document the algorithm 

used for determining guideline adherence.

Despite differences in pain therapy recommendations for 

the five chronic pain conditions, the guideline adherence algo-

rithm was applied to each condition without disease-specific 

exceptions. Slightly over half of OA, pDPN, and PHN patients 

were found to have had pain therapy adherent with guidelines. 

These percentages are consistent with findings from other 

studies of adherence to treatment in evidence-based practice 

guidelines that also found adherence in an average of ~50% 

of patients across several chronic conditions (asthma, chronic 

heart failure, coronary artery disease, depression, diabetes, 

hyperlipidemia, hypertension, and migraine).3,29 The results 

for FM showing only 33.5% of patients receiving guideline-

adherent therapy, while differing from the 50% adherence in 

other conditions, were not surprising based on the difficulty 

of diagnosing this syndrome, the broad array of symptoms, 

and the often lengthy period of rule-out diagnoses resulting 

in numerous treatment trials preceding a positive diagnosis.30

The adherence algorithm did not, however, appear to be 

an ideal fit for the analysis of GT. Of the 68% of GT patients 

put into the unsure category, approximately one-third were 

found to have received no prescription GT medications and 

two-thirds received <30 days of an FL GT medication. In 

practice, it is known that many patients find relief using OTC 

NSAIDs, which would not be detected in claims data, and 

some find relief using dietary restrictions alone. Furthermore, 

colchicine dosing for the relief of GT flares (two tablets at 

flare onset, one tablet 1 hour later, and then one to two tablets 

daily until the flare subsides) may involve less than a 30-day 

supply,31 and the most common oral steroid dosing is typically 

a 1–2-week dosage regimen32 and also <30-day supplies.

Our approach to developing this algorithm and analytical 

method may be used for developing similar algorithm-based 

guideline adherence analyses in other chronic disease areas. 

Overall, this algorithm is particularly beneficial to use when 

the sample size is large and the condition is managed with 

prescription medications. It may present difficulty or require 

further refinements when the targeted condition has a small 

sample size and treatment involves medications not covered 

by insurance or uses short courses of therapy. Furthermore, 

the administrative claims databases used for this analysis 

were very large, diverse, and geographically dispersed. Inves-

tigators attempting to use other prescription claims databases 

need to be aware of their specific formulary restrictions that 

could limit or bias results from real-world settings.

Figure 4 Reasons for categorizing patients of unsure adherence to treatment guidelines.
Abbreviations: FM, fibromyalgia; FL, first-line; GT, gout; LL, later-line; NR, not recommended; OA, osteoarthritis; pDPN, painful diabetic peripheral neuropathy; PHN, 
postherpetic neuralgia; tx, treatment.
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While this analysis was done using only prescription 

claims, we believe that significant benefit could be gleaned 

by using EMR or survey data in combination with the real-

world claims data. The claims data provide evidence of the 

pharmacotherapy that patients received. EMR or survey data 

may complement that with patient history and clinical data 

unavailable in the claims, potentially adding more details to 

drive better definition of adherent and nonadherent prescrib-

ing patterns and fewer in the unsure group. Importantly, 

OTC treatments that cannot be captured in claims data may 

be noted in EMRs. OTC treatments, particularly NSAIDs 

for OA, were part of FL therapy and therefore may result in 

patients being more appropriately classified as “adherent”.

Certainly this algorithm and methodology needs to undergo 

further scrutiny to refine the definitions of guideline adher-

ence and nonadherence, to reduce the percentage of unsure 

categorizations, and to account for influences of comorbid pain 

conditions. It would also be beneficial to adapt the algorithm so 

that it could address longer term guideline adherence (beyond 

the 30-day requirement) to assess outcomes of that therapy. 

Nonetheless, we believe that further use and revision of the 

algorithm and analytical methodology, including validation of 

guideline adherence using EMRs or medical charts and expert 

clinician input or inclusion of alternative treatments such as 

physical therapy into the algorithm, can enable broader use, per-

haps with other disease states beyond pain, and provide another 

tool for health care managers in improving patient outcomes.

Limitations
There were several limitations to this analysis that should 

be identified. This was a first attempt (that we know of) to 

develop a claims-based algorithm to determine the adherence 

of guidelines for chronic pain using administrative claims. 

This was challenging due to the lack of evidence related to 

chronic pain outcomes in secondary data sources. We also 

acknowledge that clinical judgment and individualizing treat-

ment to patients may warrant deviation from chronic pain 

guidelines that may often be based on expert opinion rather 

than strong evidence. Pain pharmacotherapies may require 

trial, titration, and managing adverse effects, any of which 

may cause departure from guidelines, regardless of the degree 

of flexibility in the categorization algorithm. The data have 

not been cross-validated with patient charts or physician notes 

and are thus subject to misclassification of prescribing pat-

terns in the adherent versus nonadherent groups. Grouping 

patients with questionable treatment pathways into a third 

unsure group removed those patients from the comparisons 

who had questionable prescription patterns or no treatment; 

however, the absence of additional information not available 

in claims (ie, pain intensity, full patient history, and OTC 

drug use) leaves open the possibility for further misclas-

sification. In addition, patients’ pain medications may have 

been grouped as nonadherent or unsure adherence due to 

the patient having contraindicated conditions or allergies 

resulting in their inability to take an FL agent.

This was an observational retrospective cohort study 

using administrative claims data, which are not collected for 

research purposes and therefore are subject to measurement 

error, which could be introduced by inaccuracy in medical 

coding (under- or overcoding for pain conditions), and direct 

information from physician’s notes and/or patient charts was 

not available. Some of the chronic conditions, such as FM 

and OA, may take years to diagnose, may be treated based on 

provisional diagnoses, and may not get a diagnosis at every 

office visit; thus, some patients may have appeared to be newly 

diagnosed who actually were not. Prescription data were used 

as the principal measure of guideline adherence, and the 

complexity of weaving the wide range of individual patient 

characteristics into the treatment algorithms was beyond the 

scope of this study. Furthermore, although associations can 

be made to describe the relationship of treatment adherence 

with outcomes, causality cannot be inferred in claims data. 

MarketScan health care claims databases are US-based 

convenience samples of commercially insured employees, 

retirees, and their dependents, and therefore the results may 

not be generalizable to other populations in the US or abroad.

Conclusion
To our knowledge, this is the first study to develop a pre-

scription claims-based algorithm using treatment patterns 

in “real-world” data to evaluate adherence to guidelines for 

management of chronic pain. The methods developed in this 

study allowed researchers to objectively assess adherence to 

guidelines, finding that only about one-third to one-half of 

patients across the five conditions that span the three areas 

of chronic pain are being treated according to recommenda-

tions. Further research is needed to improve and test this 

algorithm in other conditions. We believe that the approach 

used for developing and using the algorithm may be applied 

to other conditions and thus could provide a valuable tool 

for health care systems and managed care organizations to 

use for optimizing care.
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Supplementary materials

Table S1 First-line, later-line, and other pain medications – patients with 5 common types of chronic pain

First line/highest efficacy Second line/limited efficacy Other pain medications 
(not recommended)b

Nociceptive: osteoarthritis
Acetaminophen (nonopioid 
analgesics)

Weak opioids (entire class)
Strong opioids (entire class)

Muscle relaxants (entire class)
Benzodiazepines (entire class)
Anticonvulsants (entire class)
Antidepressants (entire class)
Anxiolytics (entire class)
Sedative/hypnotics (entire class)
Antipsychotics (entire class)
Anesthetics (entire class)
Glucosamine or chondroitin sulfate

NSAIDs (entire class)
Hyaluronic acid
Intraarticular injectable 
corticosteroids 

Nociceptive: gouta

Colchicine ACTH Opioids (weak or strong)
NSAIDs (entire class) Muscle relaxants (entire class)
Corticosteroids – oral  Benzodiazepines (entire class)
  Anticonvulsants (entire class)
  Antidepressants (entire class)
  Anxiolytics (entire class)
  Sedative/hypnotics (entire class)
  Antipsychotics (entire class)
  Anesthetics (entire class)

Neuropathic: painful diabetic peripheral neuropathy 
TCAs (entire class) Weak opioids (entire class) SSRIs (entire class)
SNRIs (entire class) Strong opioids (entire class) Other antidepressants outside of TCAs and SNRIs 
Gabapentin and pregabalin Topical lidocaine and capsaicin (topical  

analgesics used for pain)
Anticonvulsants (other than gabapentin and 
pregabalin)
NSAIDs (entire class)
Corticosteroids (entire class)
Anxiolytics (entire class)
Sedative/hypnotics (entire class)
Muscle relaxants (entire class)
Antipsychotics (entire class)
Benzodiazepines (entire class)
Anesthetics (entire class)

NMDA receptor antagonists (entire class)

Neuropathic: postherpetic neuralgia 
TCAs (entire class) Weak opioids (entire class) SSRIs (entire class)
SNRIs (entire class) Strong opioids (entire class) Other antidepressants outside of TCAs and SNRIs
Gabapentin and Pregabalin Topical capsaicin (topical analgesic used for pain) Anticonvulsants (other than gabapentin and 

pregabalin)
Topical lidocaine (anesthetic) NMDA receptor antagonists (entire class) NSAIDs (entire class)
  Corticosteroids (entire class)
  Anxiolytics (entire class)
  Sedative/hypnotics (entire class)
  Muscle relaxants (entire class)
  Antipsychotics (entire class)
  Benzodiazepines (entire class)
  Anesthetics (entire class)

Sensory: fibromyalgia
TCAs (entire class) Weak opioids (except tramadol) Anxiolytics (entire class)
SNRIs (entire class) Strong opioids (entire class) Antipsychotics (entire class)
SSRIs (entire class) NSAID (entire class) Anesthetics (entire class)
Gabapentin and pregabalin Acetaminophen NMDA receptor antagonists (entire class)

(Continued )
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Table S1 (Continued)

First line/highest efficacy Second line/limited efficacy Other pain medications 
(not recommended)b

Tramadol Anticonvulsants (entire class – other than 
gabapentin and pregablin)

Corticosteroids (entire class)
Anesthetics (entire class)
Muscle relaxants (entire class)
Benzodiazepines (entire class)
Sedative/hypnotics (entire class)
Other antidepressants (other than TCAs, SNRIs, 
and SSRIs)
Topical lidocaine and capsaicin (topical analgesics 
used for pain)

Notes: aDid not list drugs used for urate lowering therapy because that is more to treat the gout than to manage the pain. bNot recommended: mentioned in guidelines as 
third line, not effective, or not at all.
Abbreviations: ACTH, adrenocorticotropic hormone; NMDA, N-methyl-d-aspartate; NSAIDs, nonsteroidal anti-inflammatory drugs; SNRIs, serotonin–norepinephrine 
reuptake inhibitors; SSRIs, selective serotonin reuptake inhibitors; TCAs, tricyclic antidepressants.

Table S2 Demographic and preindex clinical characteristics – patients with 5 common types of chronic pain

Characteristics Osteoarthritis, 
n=441,456

Gout, 
n=76,361

Painful diabetic 
peripheral 
neuropathy, 
n=10,645

Postherpetic 
neuralgia, 
n=4,010

Fibromyalgia, 
n=150,321

Deyo-Charlson Comorbidity Index date – mean (SD) 0.7 (1.1) 0.8 (1.4) 3.0 (2.0) 0.9 (1.4) 0.4 (0.9)
Count of unique three-digit ICD-9-CM codes – mean (SD) 11.2 (8.0) 9.3 (8.5) 18.9 (11.9) 14.3 (9.8) 11.9 (8.5)
Count of unique National Drug Codes – mean (SD) 10.2 (8.4) 9.2 (8.1) 20.7 (10.6) 13.8 (9.6) 10.4 (9.5)
Age – mean (SD) 61.2 (13.2) 57.8 (14.0) 62.2 (12.2) 65.8 (15.4) 48.6 (13.5)

Gender (%)

 Male 38.7 80.4 50.1 33.7 29.8
Payer (%)
 Commercial 68.5 74.4 63.3 49.7 91.4
 Medicare 31.5 25.6 36.7 50.3 8.6

Insurance plan type (%)

 Comprehensive 12.7 9.4 11.9 19.1 4.1
 Preferred provider organization 61.4 62.2 54.0 55.4 67.9
 Health maintenance organization 16.3 18.4 25.6 18.7 13.9
 Others 9.6 10.0 8.5 6.9 14.0

US census geographic region (%)

 Northeast 19.0 17.9 14.0 18.7 19.9
 North Central 30.4 26.0 30.8 28.2 25.4
 South 32.4 34.3 29.1 29.1 31.6
 West 17.2 20.5 25.0 23.2 21.7
 Unknown 1.0 1.2 1.2 0.8 1.5

Pain-related procedures (%)

 Chiropractic therapy 9.9 6.8 5.3 7.7 22.4
 Physical therapy 19.0 11.9 18.8 17.0 30.2

Preindex pain treatments (%)

 Opioids 42.7 34.9 67.9 66.4 45.0
  Strong opioids 34.2 28.8 59.0 57.1 37.5
  Weak opioids 17.0 11.7 25.3 24.9 18.3
 Antidepressants 25.8 13.4 46.5 31.2 35.4
 TCAs 3.5 1.9 12.7 9.2 6.6
 SSRIs 15.6 8.0 21.5 15.5 19.0
 SNRIs 6.3 2.6 16.1 7.9 12.1
 MAOIs and all other antidepressants 7.0 3.6 11.5 7.2 10.2
 Pregablin or gabapentin 8.4 5.3 50.2 42.4 13.0
 All other anticonvulsants 3.6 1.8 7.0 5.9 6.4
 NSAIDs 37.0 34.4 32.1 28.8 33.7

(Continued )
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Table S2 (Continued )

 Osteoarthritis, 
n=441,456

Gout, 
n=76,361

Painful diabetic 
peripheral 
neuropathy, 
n=10,645

Postherpetic 
neuralgia, 
n=4,010

Fibromyalgia, 
n=150,321

 Benzodiazepines and other anxiolytics 19.2 11.6 28.1 25.2 25.6
 Muscle relaxants 14.4 9.0 20.8 15.6 24.7
 Oral corticosteroids 18.8 18.4 18.4 34.7 22.4
 Injectable intraarticular corticosteroids 22.8 16.3 22.0 22.9 23.4

Preindex comorbid conditionsa (%)

 Arthritis and other arthropathies 44.3 27.7 37.2 28.2 33.5
 Rheumatism, excluding the back 34.5 27.5 45.0 30.5 35.5
 Lumbago, low back pain 26.2 17.1 33.3 28.7 39.8
 Osteoarthritis 0.0 15.2 25.2 18.5 14.1
 Other musculoskeletal pains 17.3 9.6 19.3 18.1 22.0
 Back and neck pains, other than low back pain 13.5 8.0 15.6 16.2 28.1
 Chest pain 12.8 11.2 22.9 19.4 13.5
 Gastroesophageal reflux disease 12.0 8.4 15.2 14.5 13.4
 Back and neck pains with neuropathic involvement 10.7 6.5 15.9 12.2 18.1
 Abdominal pain/cramps 11.4 8.8 17.3 19.2 16.4
 Coronary heart disease (including myocardial infarction) 11.4 13.8 29.0 15.5 5.7
 Depression 9.2 4.7 16.5 10.0 14.8
 Cerebrovascular disease 5.9 5.5 14.2 8.5 3.3
 Peripheral vascular disease 5.7 5.9 19.3 8.4 2.9
 Migraine, chronic headache 3.0 1.2 3.1 4.9 8.4

Note: aConditions present in <10% of all pain conditions or not relevant to pain are not displayed in this table.
Abbreviations: ICD-9-CM, International Classification of Diseases, 9th Revision, Clinical Modification; MAOIs, monoamine oxidase inhibitors; NSAIDs, nonsteroidal anti-
inflammatory drugs; SNRIs, serotonin–norepinephrine reuptake inhibitors; SSRIs, selective serotonin reuptake inhibitors; TCAs, tricyclic antidepressants.
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