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Background: The purpose of this study was to determine if primary care patients with low
back pain (LBP) cluster into definable care utilization subgroups that can be explained by patient
and provider characteristics.

Materials and methods: Adult primary care patients with an incident LBP encounter were
identified from Geisinger Clinic electronic health records over 5 years. Two-thirds of the cohort
had only one to two encounters. Principal component analysis was applied to the data from the
remaining one-third on use of ambulatory, inpatient, emergency department, and surgery care
and use of magnetic resonance imaging, injections, and opioids in 12 months following the
incident encounter. Groups were compared on demographics, health behaviors, chronic and
symptomatic disease burden, and a measure of physician efficiency.

Results: Six factors with eigenvalues >1.5 explained 71% of the utilization variance. Patient
subgroups were defined as: 1-2 LBP encounters; 2+ surgeries; one surgery; specialty care without
primary care; 3+ opioid prescriptions; laboratory dominant care; and others. The surgery and 3+
opioid subgroups, while accounting for only 10.4% of the cohort, had used disproportionately
more magnetic resonance imaging, emergency department, inpatient, and injectable resources.
The specialty care subgroup was characterized by heavy use of inpatient care and the lowest
use of injectables. Anxiety disorder and depression were not more prevalent among the surgery
patients than in the others. Surgery patients had features in common with specialty care patients,
but were older, had higher prevalence of Fibromyalgia, and were associated primary care physi-
cians with worse efficiency scores.

Conclusion: LBP care utilization is highly variable and concentrated in small subgroups using
disproportionate amounts of potentially avoidable care that reflect both patient and provider
characteristics.

Keywords: low back pain, primary care, opioids, back surgery, provider efficiency

Introduction

Low back pain (LBP) is the most common pain problem in the general population'®
and is one of the most common reasons for seeking health care and for use of avoidable
care.”® Guidelines recommend watchful waiting, maintaining activities, and use of non-
steroidal anti-inflammatory drugs, among other conservative actions.” Avoidable care
generally occurs because of overdiagnosis, which leads to “subsequent overtreatment,
diagnostic creep, shifting thresholds, and disease mongering, processes that ultimately
reclassify a healthy low risk patient with mild to moderate problems as a sick patient™.'
Overdiagnosis manifests as inappropriate use of imaging, treatments (ie, multiple infu-

sions and long-term opioid prescription use), surgery, and other care®!!"1° that is also
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related to pain severity, persistence, and recurrence, depres-
sion, female sex, neuropathic pain, and narcotics use.* 6121316
A minority of LBP patients account for a dominant share of
overall medical care costs, but little is known about how the
use of this care unfolds.!” %

While considerable research has focused on describing
overall utilization of care and predicting costs, relatively little
is known about how this care is used for LBP after an initial
diagnosis. In this study, we used electronic health record
(EHR) data on primary care patients in the 12-month period
following an incident LBP encounter to understand how
care was used. We first determined how patients clustered by
their care utilization patterns. We then examined how care
was used within defined patient clusters or groups and then
compared these groups on demographics, health behaviors,
disease burden, and physician ordering practices.

Materials and methods

This study involved a retrospective analysis of utilization of
care among primary care patients with at least one ambulatory
encounter for LBP. We used EHR, not claims data, because
of its potential practical utility. EHR data can be evalu-
ated in real time and used at the point of care to assess and
determine the course of LBP care management in a way that
claims data cannot be used. Also, claims data heavily reflect
coverage decisions and utilization management practices that
are often idiosyncratic to a given insurer. EHR data, on the
other hand, reflects physician orders and treatment decisions.
For the purposes of this study, data were extracted from the
Geisinger Clinic EHR for the period from January 1, 2007 to
December 20, 2011. In this section, we describe the source
and patient inclusion and exclusion criteria.

In this study, we defined potentially avoidable care as high
end diagnostics, selected treatments (ie, 3+ injections, or 3-5 to
5+ opioid prescriptions in a 12-month period), urgent or inpa-
tient care without surgery, and surgeries. We emphasize “poten-
tially avoidable” care, because we are unable to determine
appropriateness from our data. Nevertheless, guideline-based
evidence does not support the use of these potentially avoidable
cares for improving diagnostic accuracy in most cases or for
improving patient outcomes.* Evidence indicates that some, if
not a majority, of these types of encounters are avoidable with
more accurate diagnosis and symptom management. '

Source of population and data
The Geisinger Health System (GHS) is an integrated delivery
system offering health care services to residents in central

and northeastern Pennsylvania. The GHS includes the
Geisinger Clinic, a multi-specialty group medical practice
with 850 physicians and physician’s assistants and more than
200 primary care physicians in 41 community practice sites
and two ambulatory surgery centers as of the time of this
study. Adult (ie, 18+ years of age) primary care patients were
the source population for this study. Data for this study have
been extracted from the Geisinger Clinic EHR and include
patient demographics, smoking history, use of alcohol, and
all relevant clinical encounter information such as vitals,
encounter type (for example primary, specialty, or emergency
department (ED) visit, inpatient admissions, etc.), Interna-
tional Classification of Diseases, Ninth Revision (ICD-9)
diagnosis codes, and orders for prescriptions, laboratory, and
procedures for LBP at any Geisinger facilities.

Eligibility, follow-up, and utilization of care
Eligible individuals were 18+ years of age and assigned to
a Geisinger Clinic primary care physician before January 1,
2007 but at least 12 months before December 20, 2010 (end
of follow-up) and had at least 12 months of care with their
primary care physician before their first recognized encounter
for LBP. Patients were excluded if they had less than 12 months
of follow-up, and were censored or excluded if they had a
diagnosis of malignant cancer, sickle cell anemia, hemophilia,
HIV/AIDS, or end-stage renal disease, an organ transplant,
a prior long-term care facility admission, or when pregnant.
Eligible patients had to have an incident LBP encounter,
defined by an encounter diagnosis for LBP with no LBP
diagnosis in the prior 12 months.

Data were extracted on all patient encounters in the
12 months before and the 12 months following the incident
LBP encounter. Utilization of health care for LBP was
defined by the type of encounter (ie, primary care, specialty
care, ED or inpatient encounter without surgery, outpatient
surgery, inpatient surgery) and by the orders (ie, prescrip-
tion for opioids, other prescriptions, laboratory, infusion,
magnetic resonance imaging [MRI], other imaging, surgery)
that were specific to LBP. Providers are required to document
one or more ICD-9 codes for the encounter or for any order.
An encounter was defined as specific to LBP if an ICD-9
diagnosis, as defined by Cherkin et al** and modified by
Vogt et al,’” was documented in the patient record for the
encounter or order. The LBP diagnosis was assigned to one of
the following diagnostic subgroups based on the first encoun-
ter: group 1, back pain with no neurologic findings; group 2,
back pain with neurologic findings; group 3a, congenital

submit your manuscript

524

Dove

Journal of Pain Research 2015:8


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Patterns of low back pain care

lumbar spine structural disorders; group 3b, acquired lum-
bar spine structural disorders; and group 4, acquired lumbar
spine structural disorders'>* (see Table S1 for a complete
list of ICD-9 codes and categorizations).

We excluded telephone encounters unless it was spe-
cifically to order an opioid prescription. Telephone calls
are frequently documented for prescription renewals or for
questions but do not usually constitute an encounter where
care decisions are made. On the other hand, because opioid
prescriptions are legally controlled, such prescription renew-
als were considered an actionable decision point. As such,
encounters involving opioid prescriptions were included in
the analysis.

Analysis

Principal component analysis was completed to determine
how care encounters and orders within encounters clustered
together. Encounter types and orders were represented as
individual binary variables for each LBP encounter, where
three binary variables were included to represent as many as
three serial encounters or orders of each type. For instance,
three binary variables (ie, surgery_1, surgery_2, and sur-
gery_3) were created to describe situations in which a patient
had received one, two, or three or more surgeries during the
12-month period following their incident LBP encounter. If
the patient had no surgery, then this would be represented
as the following configuration of the binary variables: sur-
gery_1=0, surgery_2=0, and surgery_3=0. Alternatively, if
the patient had three or more surgeries, it would be denoted by
the following: surgery_1=0, surgery_2=0, and surgery_3=1.
The same coding scheme was applied to primary care,
specialty care, emergency room, and inpatient encounters
without surgery, non-MRI, and MRI. This method of captur-
ing different configurations of the utilization patterns made it
possible for factors to form around patients who had multiple
encounters of the same type versus none or only a single
encounter for a given type.

Incident LBP patients who only had one or two LBP
encounters without an MRI, inpatient or surgery care
encounter were excluded from the factor analysis and
defined as a separate group for all other analyses. Polychoric
correlations were estimated and used in the factor analysis
given that a categorical variable format was used. Varimax
rotation with Kaiser normalization was used to aid in
interpretation.?® Six factors emerged with an eigenvalue
of 1.5 or greater. These factors were used to define patient
groups that were then compared on utilization of care and on

demographic, health behavior, clinical, diagnosis, and other
measures. Groups were compared on sex, age, body mass
index, diagnosis of selected cardiometabolic diseases (eg,
diabetes and hypertension), chronic episodic conditions (ie,
migraine, gastroesophageal reflux disease, asthma), depres-
sion, anxiety disorders, sleep disorders, and fibromyalgia.
Presence of these conditions was defined by the appearance
of the corresponding ICD-9 codes in EHR at least twice, as
either one of the encounter diagnoses, or with medication
orders on at least two separate encounters, within 12 months
of each other. Groups were also compared on the Charlson
Comorbidity Index?¢2* and on a physician efficiency index
(PEI) for LBP care that was derived as:

PEI,.f = |:(i Cost, ] —Cost, ] +(N-1)

PEI represents the physician efficiency index of care for
patient i who was treated by provider j during a calendar
year. N represents the total number of patients (including
patient i) treated by provider j during the same calendar
year. Therefore, the PEI captures the average per-year cost
of care across all patients treated by provider j, except for
patient i, during the given calendar year. Put differently,
the PEI captures how the physician treats all patients under
his or her care during the year other than the patient under
consideration. A relatively high PEI value is therefore indica-
tive of a physician whose practice pattern involves more
expensive types of care in general.

The Mantel-Haenszel chi-square test was used for sta-
tistical comparisons of ordinal categorical variables, such
as age group, depression, total number of encounters in the
year before the first LBP encounter, total opioid prescrip-
tions in the year before the first LBP encounter, and the
chi-square test was used for nominal categorical variables.
For continuous variables, the non-parametric Kruskal-Wallis
test?” was used to account for non-normality and test median.
We used analysis of covariance to compare six subgroups
on prior diagnoses for chronic progressive, symptomatic,
and psychiatric diagnoses, utilization of care variables, and
other factors. We adjusted for age and sex to account for
differences among the groups, using the low utilization care
group (ie, 1-2 LBP encounters in 12 months) as the reference
group. We used pairwise comparisons to specifically iden-
tify the subgroups that accounted for overall differences.*
All analyses were conducted using SAS version 9.3 (SAS
Institute Inc., Cary, NC, USA).
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Cost of care for LBP-related services was not directly
available from the EHR. As a substitute, we implemented
a cost imputation method based on the subsample of the
LBP patient cohort who had Geisinger Health Plan claims
data.’! Approximately one-third of the incident LBP patients
had a Geisinger Health Plan as their primary payer type.
These claims data were extrapolated to the remaining two-
thirds of the patient population who did not have Geisinger
Health Plan coverage. For a more detailed description of this
methodology, see the Supplementary materials section.

Results

From January 1,2007 to December 20, 2011, there were 306,839
eligible primary care patients with 1,264,766 person-years of
follow-up. Thirty-four percent (n=104,963) of these patients
had at least one LBP encounter. Of these, the following were
excluded: 37,645 prevalent LBP cases actively using care for
LBP at the time of cohort inception (ie, January 1,2007), 17,900

who met previously noted exclusions, and 15,841 who had less
than 12 months of follow-up from their incident LBP encounter.
The remaining 10.9% (n=33,577) met the inclusion criteria as
an incident LBP patient for a rate of 37.3/1,000 person-years.
In the 12-month period following the incident LBP encounter,
there were 27,421 ambulatory LBP visits. Approximately 67%
(n=22,645) of the included patients had only one or two LBP
encounters with no MRI, inpatient care, or surgery care. These
patients were excluded from the factor analysis and instead were
clustered separately as another subgroup.

Factor analysis

In the varimax rotation with Kaiser normalization, six factors
had an eigenvalue of 1.5 or greater (Table 1). These six factors
explained 71.2% of the variance among the variables. The domi-
nant factor (Table 1) represented diverse utilization, with high
items weights for specialty care, high negative item weights for
primary care, and modest weighting for non-surgery inpatient

Table | Factor loading for LBP-related care among an incident LBP patient cohort* from Geisinger Clinic, 2012

Number of each Variable

type of care primary care

Specialty without Surgical care

Laboratory
dominant care

Opioid
prescription

3+ inpatient One surgery

encounters

Only one PCP encounter -0.85

Specialty encounter  0.85
ED encounter

Inpatient encounter
Surgery

Non-MR image

~0.44
0.65

MR image
Laboratory order
Opioid order
Injection for pain 0.88

Only two PCP encounter —-0.95
0.95
0.54

0.48

Specialty encounter
ED encounter
Inpatient encounter
Surgery

Non-MR image

-0.41
0.77
0.42
MR image
Laboratory order
Opioid order
Injection for pain 0.89

Three or more PCP encounter -0.8

Specialty encounter  0.95
ED encounter

Inpatient encounter  0.46

Surgery
Non-MR image

-0.42
0.82
0.56
MR image

Laboratory order

Opioid order

Eigenvalues 7.07 5.79

-0.81
-0.72

0.52

0.41

0.76
0.93

0.57

0.83 0.41
0.97

—0.41 -0.5

0.66

-0.43
0.79
0.97
2.47 2.35 2 1.68

Note: *Excluding patients who only had 1-2 LBP encounters without MR imaging, inpatient care, or surgery.
Abbreviations: ED, emergency department; MR, magnetic resonance; PCP, primary care physician; LBP, low back pain.
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Abbreviations: ED, emergency department; LBP, low back pain; MR, magnetic resonance; PCP, primary care physician.

100% (n

80.1

19.9

care. Surgical care followed second with loading for the 1,2, and
3+ surgery groups. However, the group with only a single surgery
also loaded separately on the sixth factor. The remaining three
factors were represented by item loading for labs with indications
for LBP, 3+ opioid prescription orders, and 3+ inpatient encoun-
ters. The factors results and other considerations were used to
define seven utilization groups as having: 1-2 LBP encounters
with no MRI, inpatient encounters, or surgery encounters;
2+ surgeries; one surgery; at least one specialty care visit
without a primary care visits for LBP; 3+ opioid prescriptions;
one or more laboratory orders specific to a LBP indication
but with no inpatient care; and patients who did not meet the
criteria for the other six groups. The last group included 40
patients with 3+ inpatient visits, which was too small to form
a separate group.

Utilization of care

Table 2 shows the relative intensity of each type of care
used by the seven subgroups. Approximately two-thirds of
all ambulatory care was used by the 1-2 LBP encounter
subgroup and the “other” subgroups. MRIs were most
heavily used by surgery patients as well as by the 3+ opioid
prescription and specialty patients. While these subgroups
of patients comprised approximately 14% of the LBP
patients in the sample, they accounted for more than half
of all the MRI ordered.

Use of pain control therapies varied. More than half of
all opioid prescriptions were prescribed to the 3+ opioid
prescription group. Patients with a single surgery were pre-
scribed considerably more opioids than patients with two or
more surgeries. Injectables orders were primarily for patients
with 2+ surgeries (65.1%) or a single surgery (13.7%). The
ED was most heavily used by patients with 3+ opioid pre-
scriptions (25.8%) and patients with 2+ surgeries (15.2%),
followed by those with a single surgery or who used specialty
care. Inpatient care was most heavily used by the specialty
care subgroup and the surgery subgroups, as well as the 3+
opioid prescription subgroup. The 2.3% of patients with 2+
surgeries accounted for 80.1% of surgeries.

Table 3 compares the proportions of patients within each
subgroup who had only one versus two or more of each type
of care. The ratio of these two proportions (ie, [% with only
one]/[% with 2+]) reveals how use of care is concentrated
within a smaller number of patients. The lower the ratio, the
more utilization of care is concentrated in a smaller number
of patients within the defined group. Concentration of care,
as indicated by the ratios, varied most for laboratories and
ED use.

Journal of Pain Research 2015:8
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Table 3 Comparison of LBP-related care utilization concentration within each subgroup, Geisinger Clinic, 2012

Type of care Number Utilization of care subgroup

1-2 LBP  Specialty 3+ opioid Laboratory One surgery 2+ surgeries Other  Total
visits and no PCP prescriptions dominant care n=788 n=1,060 n=5,095 n=33,577
n=22,645 n=1,095 n=1,656 n=1,238 (2.4%) (3.2%) (15.2%) (100%)
(67.4%) (3.3%) (4.9%) (3.7%)
MR imaging | 0 27.6 25.4 21.6 395 36.8 21.4 8.3
2+ 0 9.5 11.4 6.9 13.2 17.9 6.2 29
Ratio* - 29 22 3.1 3.0 2.1 35 29
Laboratory | 12.2 19.1 14.4 63.5 26.2 16.4 0 13.1
2+ 1.0 7.6 6.8 36.5 16.4 12.8 0 34
Ratio* 12.1 2.5 2.1 1.7 1.6 1.6 - 3.9
Injectable 1-2 1.4 3.1 5.3 42 57.2 41.8 42 4.7
3+ 0 0.3 0.5 0.6 2.4 49.7 0.4 1.7
Ratio* - 10.3 10.6 7.0 238 0.8 10.5 2.8
ED use | 0 4.3 37 2.8 4.2 4.7 3.1 1.2
2+ 0 0.4 2.3 0.1 0.4 1.3 0.7 0.3
Ratio* - 10.8 1.6 28.0 10.5 3.6 4.4 4.0
Inpatient but | 0 14.6 7.1 5.8 12.9 8.8 3.1 2.1
not surgery 2+ 0 4.0 1.9 1.2 23 1.7 0.8 0.5
Ratio* - 37 37 4.8 5.6 5.2 3.9 4.2

Notes: *Obtained by dividing the top row (I) by the second row (2+) in each care type category. Values in the table are presented as %, except for the rows already stated

as being measured as a ratio.

Abbreviations: ED, emergency department; LBP, low back pain; MR, magnetic resonance; PCP, primary care physician.

Profile of utilization subgroups

In the pairwise comparisons (Tables 4 and 5) subgroups dif-
fered in one or more two-way comparisons for all variables
examined. With only a few exceptions (eg, proportion with
a diagnosis of fibromyalgia), the specialty care subgroup
did not differ from the reference subgroup (ie, 1-2 LBP
encounters in 12 months), but both of these subgroups dif-
fered from one or more of the other five subgroups on all
variables. In contrast, the 3+ opioid prescription subgroup
was considerably more likely than the reference subgroup to
be current cigarette smokers and to have a diagnosis for all
other conditions listed in Table 4. The remaining four sub-
groups were older, but did not have many other features in
common. Patients in the laboratory dominant care subgroup
were more likely to have hypertension and heart failure and
there were substantially higher proportions with chronic
episodic disease, severe depression, anxiety and sleep dis-
orders, and fibromyalgia.

Patients with 1-2 LBP encounters had the lowest propor-
tion with a body mass index of 30+ kg/m?. Compared with
the reference subgroup, both surgery subgroups had high
proportions with diabetes and vascular diseases, elevated
proportions only for migraine (one surgery group only),
arthritis, depression, and sleep disorders, and very high
proportions with a diagnosis of fibromyalgia. The “other”
subgroup had higher proportions with chronic progressive

diseases like the one surgery subgroup and higher proportions
with chronic episodic diseases and other disorders like the
laboratory dominant subgroup.

In the year before the LBP diagnosis (Table 5), utilization
of ambulatory care was in general considerably lower for the
1-2 LBP encounter subgroup and the specialty care sub-
group, especially compared with the 3+ opioid prescription
and laboratory dominant subgroups (as shown in the >15
category of the rows labeled “Percent by total number of
encounters in year before first LBP encounter” in Table 5).
The 1-2 LBP encounter and the laboratory dominant sub-
groups had the highest proportions with a group 1 or 2 LBP
diagnosis followed by the 3+ opioid prescription and other
patient subgroups. The specialty care and the 2+ surgery
subgroups had the lowest proportion of patients with a
group 1 or 2 diagnosis. Finally, the PEI was relatively high
for the two surgery subgroups and elevated for patients in
the specialty care subgroup.

Cost of LBP care

The average estimated cost of care per patient for the first
12 months from the incident LBP encounter was $2,380.
The 2+ surgeries subgroup accounted for 40.4% of the total
cost of LBP care as represented in the EHR, while the one
surgery subgroup accounted for another 19.2%. For the
2+ surgery subgroup, the median 1-year cost was $39,504
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(mean $47,542) with an interquartile range of $30,497 and
$76,080. This suggests that this 2+ surgery group is the main
drivers of the total cost of LBP care incurred by this cohort.

Discussion

Two-thirds of LBP patients have only one or two encounters
during an incident LBP episode and use very little care.
The remaining one-third of patients has very heterogeneous
patterns of utilization that appear to fall into six defined
groups, four of which account for 13.8% of patients and
most of the MRI, injectable, ED, and inpatient care, with
a heavy concentration of utilization in surgery patients.
However, use of potentially avoidable care was pervasive
across groups. Physician ordering practices and a number
of patient health factors differed among the LBP patient
groups.

Patients who had 2+ surgeries had a somewhat unique pro-
file. As expected, these patients were less likely to have benign
diagnoses. However, this alone does not explain the use of
surgery; 64.1% had an initial diagnosis that fell into group 1
or group 2 diagnosis as defined by Vogt et al,'* a proportion
that is similar to that in the specialty care subgroup. In con-
trast, 71.6% of patients with a single surgery had a group
1 or 2 diagnosis. Fibromyalgia diagnosis was considerably
more common among the 2+ surgery subgroup followed by
the one surgery group, but did not differ significantly across
the 1-4 LBP diagnostic groups.

We explored EHR data to identify potential reasons
to explain differences among the LBP patient groups. We
used the proportion with diagnoses of chronic episodic
conditions as an indicator of susceptibility to symptomatic
diseases, including polysymptomatic disorders. Relative
to other patient subgroups, surgery patients did not have
a high burden of these symptomatic conditions, including
depression, anxiety disorders, or sleep disorders. In gen-
eral, anxiety disorder diagnoses were relatively low among
the surgery patients. However, the proportion of surgery
patients with diagnoses of depression and sleep disorders
was consistently higher than that of patients in the specialty
care subgroup.

Previous studies have indicated that having a depression
or anxiety disorder is more common among LBP patients
who are heavy utilizers of care. While the findings from our
study are generally consistent with this finding, the elevated
prevalence (ie, compared with the 1-2 LBP encounter
subgroup) of a diagnosis of depression or anxiety disorder
seems largely confined to patients in the 3+ opioid prescription
and laboratory dominant care subgroups, not the specialty care

or surgery subgroups. It is possible that the difference between
our findings and those of previous studies is that we relied
on a physician diagnosis of these conditions versus a direct
assessment of depression and anxiety by questionnaire.

The specialty care subgroup appears similar to the surgery
subgroups in the use of MRI, ED, and inpatient care and
contained the heaviest users of inpatient care. However, this
subgroup does not seem to contain heavy users of injectables
in general, and certainly not when compared with those with
surgery. The specialty care subgroup may be averse to these
types of intrusive interventions, including surgery. Alternative
explanations include a lower susceptibility to symptomatic
conditions or younger age. These patients may simply have
had fewer repeat incident LBP episodes (ie, more than a year
between the last LBP encounter and a subsequent encounter)
which explains, in part, why they did not have surgery.

Table 5 suggests that surgery patients had primary care
physicians with the highest (ie, worst) efficiency index, by
far, when compared with other patient groups. This score
indicates that physician practice explains, in part, the differ-
ences in use of care for these two patient groups. Historically,
efficiency scores have largely been confined to insurance
companies® that derive such measures from claims data to
identify providers who are outliers in the volume of care they
either provide or order. The rapid adoption of EHRs opens
opportunities to derive such scores in real time and to use
these scores as decision support aids in the clinical practice
setting, a capability that could serve to foster accountable
care relationships between providers and payers.

Approximately 5% of the LBP patients have been
defined as moderate to heavy users of opioid prescription
medication. Use of opioids has been previously reported to
be associated with a higher prevalence of comorbidities and
anxiety disorders.** This finding is consistent with our study,
as this subgroup of patients consistently contained higher
proportions with symptomatic disorder diagnoses and had
the highest proportion with severe depression, anxiety disor-
ders, and sleep disorders. This same subgroup also appears
to have the highest proportion of current smokers and the
heaviest use of opioids in the year before the LBP diagnosis.
However, the results suggest that use of opioids was not com-
mon among patients with multiple surgeries but was elevated
among patients with one surgery. Our findings indicate that
these previously identified patient features may be associated
with utilization of care, but not necessarily with patients who
eventually have LBP surgery.

It is well known that patients with unexplained somatic
complaints are relatively high utilizers of health care.’**
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In our study, symptomatic disorders appeared to be more
common among the 3+ opioid prescription and the laboratory
dominant subgroup. However, these two subgroups also have
the highest proportion of patients with diagnoses of severe
depression and anxiety and sleep disorders. Further, the heavy
use of care in these subgroups appears to be selective and
primarily confined to the 3+ opioid prescription group heavily
using MRI and ED care when compared with other patient
subgroups. The combination of psychiatric diagnoses and
diagnoses of other symptomatic conditions including benign
LBP, and heavy use of care, in general, may signal that the
patient has unmet needs that are not expressed during an
encounter or not understood.*

There are several potential limitations to our study
findings. First, our notion of “incident LBP encounter” is
that the sample is comprised of patients who had their first
ever LBP encounter and patients with a history of LBP who
were experiencing a recurrent episode after a long quiescent
period. Identification of a true incident LBP encounter cohort
would be helpful in understanding how use of LBP care
emerges among first time users versus patients with repeated
episodes of LBP over longer periods of time. Second, EHR
data offer an incomplete profile of total use of care, in gen-
eral, and for LBP care. While the Geisinger Clinic provides
comprehensive care, it is likely that some care was obtained
outside of the clinic and was not documented. As a conse-
quence, patients were likely to be systematically misclassi-
fied by utilization group, where the most common error is
that use of potentially avoidable care and LBP surgery was
underestimated. Lastly, not all LBP patients will seek care,
so our finding is restricted to those patients who had access
to care and chose to obtain care from care providers.
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Cost imputation algorithm

As is typically the case, electronic health record (EHR) data at

Geisinger Clinic lack cost information. To circumvent this prob-

lem, we developed a regression-based cost imputation method

based on Geisinger Health Plan claims data as outlined below:

1. Start by applying the same inclusion and exclusion criteria
to the claims data as done for the EHR data to select the
eligible patient population from the claims data.

Table S| Low back pain categories and diagnostic codes

Categorize all encounter types in EHR and claims into
a set of mutually exclusive major categories. In this
study, we use the following major categories: inpatient
visit, outpatient visit, emergency department, diagnostic
imaging (ie, X-rays, computed tomography, and mag-
netic resonance imaging), and all prescription drugs.
Professional charges, which are typically available as
separate claim types, are assumed to have been incurred
in every encounter in EHR.

Category ICD-9 diagnosis code  Diagnosis name
Group |: back pain with no 724.2 Lumbago
neurologic findings 724.5 Backache, unspecified
846.0-846.9 Sprains and strains of sacroiliac region
847.2,3,9 Sprains and strains of back (lumbar, sacrum, unspecified)
Group 2 back pain with 721.42 Spondylogenic compression of lumbar spinal cord
neurologic findings 721.91 Spondylosis of unspecified site, with myelopathy
722.73 Lumbar disc disorder with myelopathy
722.80 Post-laminectomy syndrome of unspecified region
7243 Sciatica
724 .4 Thoracic or lumbosacral neuritis or radiculitis, unspecified
Group 3a: congenital lumbar 737.1 Kyphosis (acquired)
spine structural disorders 737.20 Lordosis (acquired) (postural)
7373 Kyphoscoliosis and scoliosis
739.3 Nonallopathic lesions, lumbar region
739.4 Nonallopathic lesions, sacral region
756.13-756.19 Anomalies of spine
Group 3b: acquired lumbar 721.5-721.90 Kissing spine; ankylosing vertebral hyperostosis; traumatic spondylopathy; other allied
spine structural disorders disorders of spine; spondylosis of unspecified site without mention of myelopathy
722.10 Lumbar intervertebral disc without myelopathy
722.2 Displacement of intervertebral disc, site unspecified, without myelopathy
722.30 Schmorl’s nodes, unspecified region
722.32 Lumbar Schmorl’s nodes
722.52 Degeneration of lumbar or lumbosacral intervertebral disc
722.6 Degeneration of intervertebral disc, site unspecified
722.90 Other and unspecified disc disorder of unspecified region
722.93 Other and unspecified lumbar disc disorder
724.00 Spinal stenosis, unspecified region
724.02 Lumbar stenosis
724.09 Other
7384 Acquired spondylolisthesis
756.12 Congenital spondylolisthesis
Group 4: other 307.89 Pain disorders related to psychological factors, other
722.83 Post-laminectomy syndrome, lumbar
724.6 Disorders of sacrum, including lumbosacral joint instability
724.8 Other symptoms referable to back
7249 Other unspecified back disorders
756.10 Anomaly of spine, unspecified
805.4 Closed fracture of lumbar vertebrae without mention of spinal cord injury
805.6 Closed fracture of sacrum or coccyx without mention of spinal cord injury
805.8 Fracture of vertebral column without mention of spinal cord injury
996.4 Mechanical complication of internal orthopedic device, implant, and graft

Note: Vogt et al'.
Abbreviation: ICD-9, International Classification of Diseases, Ninth Revision.
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3. In the claims data, estimate the following multivariate
regression model using a generalized linear model with
log link and gamma distribution function:

Mean cost = B + 3, (encounter type) + 3, (Medicare)
+ B, (age) + B, (sex)

“Encounter type” denotes a set of binary indicator vari-
ables that represents each major encounter type category (eg,
inpatient, outpatient, emergency department); “Medicare”
is a binary indicator variable that equals 1 if the patient has
Medicare coverage and 0 otherwise; “age” is a continuous
variable capturing the patient’s age at the time of the study;
and “sex” captures the patient’s sex.

4. Take the beta coefficient estimates obtained in 3) and
apply them to similarly structured EHR data to obtain
the estimated mean cost in the EHR.

The above method can be modified by introducing
interaction effects between the encounter type variables and
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age or sex, for instance. In our estimates, the results were
not sensitive to such alternative specifications. The resulting
cost estimates can be interpreted as “imputed cost” under the
hypothetical scenario that the patient had been covered by
Geisinger Health Plan. The advantage of this cost imputation
method is that it is not necessary that those patients who are
included in the claims data be also included in the EHR data;
as long as the structure of the EHR data can be modified to
accommodate the above regression model, the estimated cost
can be obtained for that patient. The disadvantage of this
method is that its accuracy may depend on the potentially
subjective categorization of claim and encounter types.
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