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Abstract

Musculoskeletal disorders (MSD) are highly prevalent, painful, and costly disorders. The MSD 

Cohort was created to characterize variation in pain, comorbidities, treatment, and outcomes 

among patients with MSD receiving Veterans Health Administration (VHA) care across 

demographic groups, geographic regions, and facilities. We searched electronic health records to 

identify patients treated in VHA who had ICD9-CM codes for diagnoses including, but not limited 
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to, joint, back and neck disorders, and osteoarthritis. Cohort inclusion criteria were two or more 

outpatient visits occurring within 18 months of one another or one inpatient visit with an MSD 

diagnosis between 2000 and 2011. The first diagnosis is the index date. Pain intensity numeric 

rating scale (NRS) scores, comorbid medical and mental health diagnoses, pain-related treatments, 

and other characteristics were collected retrospectively and prospectively. The cohort includes 

5,237,763 patients; their mean age was 59, 6% were women, 15% identified as Black, and 18% 

reported severe pain (NRS ≥ 7) on the index date. Non-traumatic joint (27%), back (25%) and 

osteoarthritis (21%) were the most common MSD diagnoses. Patients entering the cohort in recent 

years had more concurrent MSD diagnoses and higher NRS scores. The MSD cohort is a rich 

resource for collaborative pain-relevant health service research.

Summary

The MSD Cohort is a rich resource of information about pain and pain care and may serve as a 

platform for collaborative pain-relevant research.

Keywords

Pain; musculoskeletal disorders; mental health comorbidity; cohort studies; Veterans; 
epidemiology

 1. Introduction

The Veterans Health Administration (VHA) is the largest integrated healthcare system in the 

United States, serving nearly 10 million veterans between 2000 and 2011. As in the general 

population,[21] musculoskeletal disorders (MSD), including joint, back and neck disorders, 

osteoarthritis, and fractures are among the most prevalent and costly disorders affecting both 

veterans and active duty personnel.[9;10;26] The prevalence of low back pain among VHA 

patients is increasing more rapidly than depression or diabetes.[34] Among veterans of 

Operations Enduring Freedom, Iraqi Freedom, and New Dawn (OEF/OIF/OND), the 

prevalence of MSD has increased each year, especially among women.[18]

Musculoskeletal pain is common in adult populations, with up to 48% of men and 52% of 

women reporting persistent pain ‘all the time’ for at least one year.[17] According to a 

seminal report from the Institute of Medicine (IOM) as many as 100 million US adults 

currently experience chronic pain, at an estimated annual cost of $635 billion.[21] MSD will 

likely increase in incidence and prevalence given the aging of the US population.[37] 

However, little is known about the characteristics of patients with MSD, including the co-

occurrence of other medical and mental health conditions, and whether rates of non-MSD 

comorbidities vary by the level of reported pain.

The VHA is ideally positioned to address these issues: it has one of the most comprehensive 

electronic health record (EHR) systems in the US which includes longitudinal clinical 

assessments (e.g. pain intensity screening), treatments, and outcomes data.[25;31] Based on 

these data, the VHA maintains multiple disease-specific cohorts and registries that enable 

research and quality improvement initiatives. [2;4;6;23;33] These large, national 
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longitudinal cohorts represent a census of VHA patients that avoids some of the problems of 

selected samples recruited for research studies or trials, and they provide a wealth of 

information for understanding chronic illness management. [11;24] Of particular 

importance, the large size and lengthy follow-up also allows for detection of rare events 

occurring after years of observation, as well as examination of relationships within small but 

important subgroups.

Given the scarcity of epidemiologic data on the incidence, prevalence, and consequences of 

MSD, the IOM specifically called upon VHA and other healthcare organizations to improve 

their collection of and reporting on painful disorders.[21] As one response to this 

recommendation, the MSD Cohort was constructed with three primary aims: 1) create a 

comprehensive registry of veterans with MSD diagnoses, 2) assess variation in pain 

treatment and outcomes across demographic groups, geographic regions, and VHA facilities, 

and 3) estimate costs of MSD pain care.

Here, we describe the creation of the MSD Cohort, and present data on socio-demographic 

and clinical characteristics of cohort members. We purposely chose a wide variety of MSD 

conditions, many of which are under-studied, and selected patients without presumption of 

or requirement for pain in order to examine pain intensity, including its absence, and 

variation over time and by patient, clinician, and facility characteristics. In this report we 

present data at the time of cohort entry; future studies will focus on longitudinal data.

 2. Methods

 2.1 Study population

We adapted an algorithm previously validated to identify veterans with specific conditions 

using VHA electronic clinical and administrative data sources.[23] Specifically, we searched 

for International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9CM) 

codes consistent with MSD, which were identified from a review of recent research 

literature.[8] We supplemented this list with additional codes that the MSD Cohort team 

believed were prevalent yet understudied in the VHA (e.g. temporomandibular disorders 

(TMD), and gout [29]). A total of 1,685 distinct ICD-9CM codes were identified, 

encompassing conditions of the back and neck, fractures, and degenerative disorders 

(Supplementary table).

We next searched VHA electronic clinical and administrative data for outpatient and 

inpatient records with an MSD diagnosis. To be included in the cohort, a veteran had to have 

two or more outpatient visits with an MSD diagnosis occurring within 18 months of each 

other, or one or more inpatient stays with an MSD diagnosis. The index date for entry into 

the cohort was the date of the patient’s first outpatient or inpatient MSD diagnosis. This 

algorithm was chosen because outpatient diagnostic codes are entered by the provider at the 

time of the clinical encounter, and we had concerns about the accuracy of a single outpatient 

code. Only one record is required for an inpatient stay since professional coders assign codes 

after medical record review, with the intent to be as comprehensive as possible as it 

influences VHA and independent carrier reimbursement.[14] To maximize 

representativeness, there were no other inclusion or exclusion criteria.
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Given the need for a second confirmatory outpatient MSD diagnosis within 18 months, and 

to allow for identification of comorbid conditions occurring near the time of the MSD 

diagnosis, we present data only on veterans with an MSD index date between January 1, 

2000 and December 31, 2011. A veteran could have had more than one MSD diagnosis on 

the index date. ICD-9CM codes for MSD conditions were grouped based on the cited 

literature (e.g. 733.00, 733.01, 733.02, 733.03, and 733.09 for Osteoporosis) or using 

Agency for Healthcare Research and Quality (AHRQ) Clinical Classifications Software 

(CCS) for ICD-9-CM.[1]

 2.2 Linkage with other clinical and administrative data

For those veterans identified with an MSD, we then obtained additional information from 

other VHA electronic data sources including demographic characteristics, such as age on the 

MSD index date, sex, and race/ethnicity. Because race/ethnicity data are frequently missing 

in VHA administrative data sources,[28] we include veterans with missing data under the 

subgroup ‘Missing’. We then searched for historical information, including the era of last 

military service (e.g. Korean War, Vietnam era).

We next searched VHA Vital Signs data for a pain intensity NRS score on the MSD index 

date. [12;35] As recommended by VHA clinical practice guidelines, the NRS is used in 

routine clinical care to screen for pain by asking the patient “On a scale of 0 to 10, where 0 

means no pain and 10 means the worst possible pain, what is your current pain level?” The 

NRS is a global measure of pain that does not ask the patient to attribute pain to specific 

diagnoses. When multiple NRS were recorded on the index date, we retained only the 

highest. An invalid NRS (e.g. 99) was considered as missing. We categorized NRS scores 

into four levels: 0, no pain; 1 to 3, mild; 4 to 6, moderate; and 7 or greater, severe, and report 

missing as a separate category.[16;36] In addition, scores of four or greater are reported here 

as moderate to severe pain.

We then identified comorbid medical and mental health conditions including: hypertension 

(HTN), diabetes mellitus (DM), coronary artery disease (CAD), depressive disorder, post-

traumatic stress disorder (PTSD), and addictive disorders. In accord with established VHA 

registries, depressive disorder was defined using ICD-9CM codes 296.2x, 296.3x, 298.0, 

300.4, 309.0, 309.1, 311, 296.90, 296.99, 293.83, or 301.12.[38] All comorbid conditions 

were collected in the same manner as MSD diagnoses (i.e. required two or more outpatient 

codes within 18 months, or one or more inpatient code). However, only comorbid conditions 

noted in the year prior to and up to six months after the MSD index date were retained for 

the present analysis, as they were likely active at the time of the MSD diagnosis. Body mass 

index (BMI) was calculated from the height and weight recorded on the MSD index date, or 

within the year prior to or up to six months after if missing on the index date.

 2.3 Longitudinal Data

The cohort was constructed to allow for longitudinal analyses by collecting retrospective 

data prior to the MSD index date and prospective data after. Retrospective data can be used, 

for example, to identify patients with sufficient prior visits in order to determine incident 

MSD diagnoses and potential risk factors. Prospective data, not presented in this report, will 
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allow for future examinations of acute, episodic, or chronic conditions. Combined, such data 

can also be used to identify temporal sequences of events, such as depression diagnoses 

occurring before or after the MSD diagnosis. Data on cohort members are collected until the 

end of the currently available administrative data.

 2.4 Additional data

Additional data on cohort members includes: VHA pharmacy dispenses, specific 

medication, dose, fill/refill date, length of fill, and medication quantity; date of death; VHA 

hospitalizations, admission and discharge diagnoses and lengths of stay; CPT procedure 

codes; VHA care provided by specific services such as general medicine or mental health; 

and non-VHA health services provided by fee-for-service and/or Medicaid/Medicare. Cohort 

updates, including the addition of new patients, are conducted on a regular basis.

 2.5 Analysis

Analyses presented here focus on comparisons of patient characteristics across cohort entry 

years. Because the large sample size increases the likelihood of finding statistically 

significant differences that may not be clinically relevant, we focus on results that reflected 

at least 2% absolute difference or a 2-fold difference in overall proportions (e.g., 1% vs. 

2%). All analyses were performed using SAS, version 9.4 (SAS Institute).

 2.6 Human Subjects Protection

The MSD Cohort has been approved by the Institutional Review Boards of the VA 

Connecticut Healthcare System and the Yale School of Medicine and has been granted a 

HIPAA waiver and waiver of informed consent.

 3. Results

The MSD cohort currently includes data on 5,237,763 veterans diagnosed with one or more 

MSD diagnoses between 2000 and 2011, representing nearly 55% of the 9,567,189 VHA 

service users during that time. The majority (98.5%) met cohort inclusion criteria via 

outpatient diagnoses. Overall, 37.4% of cohort members were aged 65 or older, 6% were 

women, 73.6% identified as white, 15.4% as Black, and 4.7% as Hispanic (Table 1). Over 

20% (n=1,109,775) entered the cohort in 2000, with decreasing numbers in subsequent 

years. This is consistent with other observational cohorts, and likely reflects a high 

proportion of pre-existing, or prevalent, cases entering in the year 2000 relative to later 

years. Veterans entering in more recent years were on average younger, more likely to be 

women and to report Hispanic ethnicity than those entering in earlier years. Vietnam War era 

veterans constituted the largest proportion of military service eras in each year, remaining 

relatively stable at 35–39%. The proportion of patients who identified as Hispanic increased 

from 4.0% to 5.9%.

Of the 314,266 women veterans in the cohort, 35.9% (n=112,838) were aged ≥50 on the 

index date, 13.9% (n=43,565) were ≥65, and 1.6% (n=5,092) were aged ≥85. The proportion 

age ≥65 entering decreased each year, from 22.8% in 2000 to 5.0% in 2011, with a 

corresponding increase in women under 40. (Figure 1) In bivariate analyses, women 
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compared to men veterans (50.8% vs. 42.7%), black veterans compared to white veterans 

(57.3% vs. 40.4%), and Vietnam era service veterans compared to others (46.0% vs. 41.5%) 

were each significantly more likely to report moderate to severe pain (all p<0.0001). 

Veterans aged 65 and older compared to those 40 and younger were significantly less likely 

to report moderate to severe pain (29.9% vs. 55.2%).

Table 2 presents the proportion of veterans with specific MSD diagnoses by their cohort 

entry year. Each diagnosis represents those patients who met criteria for only that condition 

on the cohort entry date; patients meeting criteria for more than one MSD on the cohort 

entry date are included in the >1 MSD category. The top three diagnoses were: non-

traumatic joint (26.5%); back (25.4%); and osteoarthritis (20.9%). Women veterans were 

significantly more likely to have non-traumatic joint (30.4%) and back (27.4%) disorders 

than men, but less likely to have osteoarthritis (12.8%) (all p<0.0001). While these three 

conditions remained the most common diagnoses throughout the 12 years in which cases 

were identified, their relative ranking changed. In year 2000, 15.8% of veterans entering the 

cohort had a non-traumatic joint disorder, 17.6% a back condition, and 21.5% an 

osteoarthritis diagnosis; while among entrants in 2011, 22.5% had a non-traumatic joint 

diagnosis, 18.8% a back condition diagnosis, and 9.0% an osteoarthritis diagnosis.

The proportion of veterans with two or more concurrent MSD diagnoses on the index date 

increased from 12.2% in 2000 to 20.3% in 2011. Among those with multiple MSD 

diagnoses, the median number of conditions was 2, and the most common were back 

disorders (49.8%) and non-traumatic joint disorders (47.8%). The most frequent 

combinations were back and non-traumatic joint (19.6%), and back and OA (11.9%).

The proportion of veterans with available pain intensity NRS scores on the index date 

increased each year from 2000 on, as did the proportion reporting moderate or severe pain. 

Among veterans with NRS scores, there was substantial variation by MSD diagnosis. Figure 

2 presents the mean, median, and interquartile range (IQR) of the NRS score on the index 

date, by each MSD diagnosis. As seen in Figure 2, veterans with a diagnosis of osteoporosis 

had the lowest average pain NRS score (mean=0.9, median=0, IQR=0), while veterans with 

sprains and strains or fractures had the highest score (mean = 4.8, median=5, IQR=7). Of 

note, those with back disorders had the next highest scores, followed by those with multiple 

MSD diagnoses.

Table 3 presents the prevalence of selected concurrent comorbid medical and mental health 

conditions active on the MSD index date. Overall, 48.0% of veterans in the cohort had a 

HTN diagnosis, 19.4% diabetes, and 16.2% CAD. Depressive disorder diagnoses were 

documented for 15.7% of the cohort overall: the prevalence increased from 13.6% to 19.9% 

between 2000 and 2011. Similarly, the overall prevalence of PTSD was 8.0%, increasing 

from 6.7% to 12.2%. Alcohol use disorders were also common, affecting between 6.0% and 

8.6% of cohort entrants each year. The prevalence of diabetes, stroke, substance use 

diagnoses, and obesity/overweight remained relatively stable among new entrants over the 

cohort period, while the prevalence of chronic obstructive pulmonary disease decreased.
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As an example of the relationships among specific MSD, specific comorbidities, and pain 

intensity, Figure 3 presents the number of veterans with depressive disorders, within each 

MSD diagnosis, by level of reported pain. The bars represent the number of veterans with 

each MSD diagnosis. The left side of the graph represents the number of veterans reporting 

no pain or mild pain (NRS <4) within each MSD. The darker bars within each represent 

those with a depressive disorder diagnosis. The largest number of veterans with depressive 

disorder diagnoses was among those with a diagnosis of back disorders who reported 

moderate to severe pain. While relatively few veterans had neck disorder MSD diagnoses, 

those with neck disorders reporting moderate to severe NRS pain scores (4–10) were most 

likely to have comorbid depressive disorder diagnoses. Veterans with gout were least likely 

to report moderate to severe pain, and least likely to have a depressive disorder diagnosis.

 4. Discussion

We describe the creation of the VHA Musculoskeletal Disorders (MSD) cohort, a 

comprehensive registry of veterans in VHA care with MSD. The MSD cohort is responsive 

to a call from the IOM for VHA and other government and non-government healthcare 

organizations to capture data to improve the characterization of pain and its management. 

The MSD cohort is made possible by the availability of VHA’s comprehensive electronic 

health record (EHR). [22;25] Available data include longitudinal diagnostic, health services 

use, and pharmacy data as well as routinely collected pain intensity ratings. Since 

establishing its “Pain as the fifth vital sign initiative” in 2000, VHA has required screening 

for the presence and intensity of pain at clinical encounters in which other vital signs are 

elicited and documented in the EHR.[31] Data from this study suggest increasing adherence 

to this requirement, with less than 15% of records failing to record an NRS on the MSD 

diagnosis date by 2011. Among veterans with a newly diagnosed MSD, the proportion 

reporting moderate to severe pain (NRS 4+) reached over 47% by 2011. Figure 2 

characterizes the level of pain intensity commonly reported by veterans with different MSD 

at the time of diagnosis. This figure appears to reflect that, on average, acute conditions such 

as strains and fractures are associated with higher levels of current pain intensity. In contrast, 

these data remind us that many common degenerative MSD such as osteoarthritis and 

rheumatoid arthritis may not always be associated with reports of pain in the clinical setting.

[16] It also further highlights the need to differentiate between acute, episodic, and chronic 

conditions, and to examine pain in a longitudinal context.

Consistent with US and international epidemiologic studies, MSD are also common and 

increasing in prevalence among veterans enrolled for care in VHA. Consistent with 

published data from community samples, the most commonly diagnosed MSD are non-

traumatic joint disorders, back disorders and osteoarthritis (unspecified site).[7;21;30] Over 

time, diagnoses of non-traumatic joint disorders and back disorders increased, while the 

proportion of veterans with osteoarthritis diagnoses decreased. The proportion of veterans 

with neck disorders, although relatively small, also increased. Other studies within and 

outside of VHA have previously documented the increasing proportion of persons with back 

disorders.[13;34] These observations raise questions about the etiology of these disorders 

and about factors associated with their increasing incidence and prevalence. Most troubling 

are observations that these disorders, particularly back conditions, are among the most 
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debilitating health problems.[7] The fact that they appear to be emerging at a younger age is 

concerning.

Because the MSD cohort relies on diagnoses recorded in the VHA EHR, increasing 

percentages of MSD conditions over time may be explained by several factors. First, patients 

who are actively and routinely engaged in VHA services may be experiencing the onset of 

additional MSD conditions. Second, patients new to VHA, many of whom are younger 

veterans of recent conflicts, may be entering VHA with existing MSD conditions and 

requesting treatment. This may partly explain the observed drop in the age at first diagnosis. 

Finally, older veterans, Vietnam and post-Vietnam in particular, are using VHA services in 

increasing numbers as they age into Medicare coverage years. These veterans may also 

present to VHA with an existing MSD that is not incident. These observations have 

important scientific, practice and policy implications and encourage more focused 

investigation.

Veterans in care with MSD have substantial multi-MSD morbidity, pain, and mental health 

and medical comorbidities. Despite the decreasing age of the new veterans entering the 

cohort over time, the proportion with more than one MSD increased to over 22% by 2011. 

Observations about the commonality of co-occurring pain conditions including MSD have 

been cited as evidence supporting hypotheses about central nervous system mechanisms in 

the perpetuation of painful conditions and pain sensitivity.[39] A growing number of 

consensus statements from subject matter experts assert that in some circumstances, chronic 

pain may be best understood as a “disease” rather than a symptom.[21]

Medical and particularly mental health and substance use disorders are known to be highly 

co-prevalent with persistent pain conditions. Data from this large cohort confirm and extend 

these observations. Of particular importance are observations that an increasing proportion 

of veterans with MSD also have diagnosed comorbid mental health conditions. By 2011, for 

example, nearly 20% of veterans with newly diagnosed MSD had concurrent diagnosed 

depressive disorders, and co-prevalence rates of PTSD, other anxiety disorders and alcohol 

use disorders were also common. There is considerable speculation for these and similar 

observations about the co-occurrence of pain and other health related problems.[15;20] 

Equally concerning is that among this sample of veterans with newly diagnosed MSD in 

2011, the proportion that could be classified as overweight or obese was over 78%. 

Importantly, recent published research on veterans has focused on these comorbidities, and 

they report on the effectiveness of integrated approaches to treat chronic pain and depression 

or PTSD in this population.[27;32] Perhaps due to public health attention to obesity, 

research has also emerged with a focus on chronic pain and overweight/obesity.[19] Data 

from this study encourage attention to anxiety and alcohol use disorders, as well. In contrast 

to these observations and despite considerable focus on the misuse and abuse of prescription 

pain medications in the recent past, there was little evidence of a trend in the co-prevalence 

of drug use disorders among veterans with MSD.[5]

Analyses reported here demonstrate the value of the MSD cohort as an opportunity to study 

complex interactions among socio-demographic and clinical characteristics of veterans with 

MSD, including the ability to examine changes over time. For example, Figure 1 reveals 
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changes in the proportion of women veterans by age group over the years of observation, 

and highlights the ability to examine pain among women veterans across the age span.[3] 

Future analyses may examine clinical characteristics that are unique and reliably 

discriminate women from men within specific age ranges. Given the large and 

comprehensive nature of the MSD cohort, there are many additional opportunities to 

examine, for example, pain among veterans aged 85 and over, correlates of specific MSD 

such as temporomandibular disorders, variation in trajectories of pain by facility, the use of 

and outcomes associated with non-pharmacologic pain treatments.

 4.1 Limitations

While the MSD cohort is a rich resource of data on MSD, there are limitations. First, as data 

are from an EHR that was not primarily intended for research, they are subject to the errors 

inherent in all clinical and administrative data, including missing or miscoding of diagnoses, 

vital signs, procedures, and medications. Second, the data cannot capture most healthcare 

and prescriptions provided outside the VHA system, so veterans who use both VHA and 

non-VHA healthcare will be under-represented. Third, the proportion of women in the 

cohort varies substantially from civilian samples with MSD. According to the VHA’s Office 

of Women’s Health Services, women comprised 6.5% of Veteran VHA patients in FY12 and 

the cohort reflects this overall number. While the proportion of women Veterans is 

increasing, they still represent a minority of users at this time. Fourth is the inability to 

capture a cohort member’s lifetime diagnostic history. While this limits conclusions about 

etiology and incidence, cohort members do represent patients whose diagnoses may be new 

to the VHA. Therefore, they are still valuable as a resource for understanding systemic 

variability, utilization patterns, quality of care, and cost to the VHA. Finally, since the VHA 

prioritizes patients with disabilities, who are older, and who have lower incomes, VHA 

patients as a group are not representative of the US population, and likely not of the veteran 

population as a whole. This limits generalizability of findings to those larger groups. 

However, the size and variation in the cohort suggests that although not completely 

generalizable, similar findings might be observed in other populations.

 4.2 Conclusions

This report suggests that over 50% of all veterans receiving care in VHA facilities have 

diagnosed MSD and that the number is growing each year. The demographic and clinical 

characteristics of veterans with MSD are described and draw attention to several potentially 

important findings. For example, the observation that MSD, and multiple concurrent MSD, 

are increasingly being diagnosed among younger veterans is concerning and deserves further 

investigation. Examples also highlight the apparent complexities of interactions among 

individual difference variables such as age, race/ethnicity, and gender and reports of pain 

and diagnosis of co-occurring medical and mental health conditions. The MSD Cohort is a 

rich resource of information about pain and pain care in veterans and can serve as a platform 

for collaborative pain-relevant epidemiological and health service research. Data from this 

report may also encourage VHA’s sustained commitment to policy and practice initiatives 

designed to provide safe and effective care for the large proportion of veterans with MSD.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Proportion of women veterans entering the MSD cohort in each age group, by year of cohort 

entry. Each bar represents the proportion of women veterans in each age group entering the 

cohort in that year

Goulet et al. Page 13

Pain. Author manuscript; available in PMC 2017 August 01.

V
A

 A
uthor M

anuscript
V

A
 A

uthor M
anuscript

V
A

 A
uthor M

anuscript



Figure 2. 
Distribution of pain intensity NRS scores on the MSD index date, by MSD diagnosis.* 

OA=osteoarthritis; RA=rheumatoid arthritis; SCI=spinal cord injury; 

TMD=temporomandibular disorder
*The circles represent the mean NRS score on the MSD index date for veterans with each 

diagnosis, the asterisk the median, and the ends of the whiskers represent the 25th percentile 

(bottom horizontal bar) and the 75th percentile
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Figure 3. 
Patients with depressive disorder diagnoses, by MSD disorder and level of reported pain 

intensity. Larger bars represent number of patients with each MSD, by level of pain. Smaller 

bars within represent those with depressive disorders.
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