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BACKGROUND: Spine conditions are costly and a major
cause of disability. A growing body of evidence suggests
that healthcare utilization and spending are driven by
provider availability, which varies geographically and is a
topic of healthcare policy debate.
OBJECTIVE: To estimate the effect of provider availability
on spine spending.
DESIGN:Retrospective cohort study using relocation as a
natural experiment.
PARTICIPANTS: Fee-for-service Medicare beneficiaries
over age 65 who relocated to a new hospital referral region
between 2010 and 2014.
MAIN MEASURES: We used generalized linear models to
evaluate how changes in per-beneficiary availability of three
types of healthcare providers (primary care physicians,
spine surgeons, and chiropractors) affected annual per-
beneficiary spine spending. We evaluated increases and
decreases in provider availability separately. To account for
the relative sizes of the provider workforces, we
also calculated estimates of the effects of changes in nation-
al workforce size on changes in national spine spending.
KEYRESULTS:Theassociationbetweenprovider availabil-
ity and spendingwas generally stronger amongbeneficiaries
who experiencedadecrease (versus an increase) in availabil-
ity. Of the three provider groups, spine surgeon availability
wasmost strongly associated with spending. Among benefi-
ciarieswho experienced a decrease in availability, a decrease
in one spine surgeon per 10,000 beneficiaries was associat-
ed with a decrease of $36.97 (95% CI: $12.51, $61.42) in
annual spending per beneficiary, versus a decrease of $1.41
(95%CI: $0.73, $2.09) for a decrease in primary care physi-
cian availability.However, changes in the national workforce
size of primary care physicians were associated with the
largest changes in national spine spending.
CONCLUSIONS: Provider availability affects individual
spine spending, with substantial changes observed at
the national level. The effect depends on provider type
and whether availability increases or decreases.
Policymakers should consider how changes in the size of
the physician workforce affect healthcare spending.
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INTRODUCTION

Spine conditions are exceedingly common, among the
top causes of disability, and associated with costs up-
wards of $86 billion per year to the US economy.1–5 In
the absence of red flag signs and symptoms, clinical
management of spine conditions such as back and neck
pain is often discretionary, and established practice
guidelines recommending conservative management are
often overlooked.6 Several studies have documented
substantial geographical variation in the use of costly
services including diagnostic imaging and spine surgery,
suggesting differences in management across the USA7–

12 Efforts to develop cost-effective strategies for manag-
ing spine conditions at the population level require a
thorough understanding of what drives utilization and
costs.
Studies dating back to the 1990s have found availability of

healthcare providers to be associated with utilization and
spending (“supplier-induced demand”).13–16 For spine condi-
tions, variation in surgery rates has been a focus of prior
investigation. However, studies that have examined spine
surgery rates in relation to availability of healthcare providers
have produced conflicting results. While some find an associ-
ation between the number of spine surgeons and regional
surgical rates,9, 17 others find little to no relationship.7 It is
unclear whether these inconsistent findings are due to
methodologic shortcomings of their observational study de-
signs or other inherent differences. Additionally, prior studies
have only examined the availability of spine surgeons. How-
ever, a variety of healthcare providers other than surgeons
(e.g., primary care physicians and ancillary providers such as
chiropractors) manage spine conditions, and each may influ-
ence spine spending differently.18, 19 Lastly, prior studies have
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examined the relationship between healthcare availability sur-
gical rates, but none has examined spine spending directly.
Therefore, we examined the relationship between geo-

graphic per-capita availability of three types of providers
who treat spine conditions (primary care physicians, spine
surgeons, and chiropractors) and spine spending using a novel
study design better able to estimate causal relationships than
prior work. We used a natural experiment consisting of a large
cohort ofMedicare beneficiaries who relocated geographically
and experienced a change in provider availability. This
allowed us to examine changes in spine spending (before
versus after relocation) in response to changes in availability
of providers.

METHODS

Among a large cohort of older adults, we used a natural
experiment to examine the relationship between the availabil-
ity of healthcare providers who commonly manage spine
conditions and spine spending. We leveraged data fromMedi-
care beneficiaries who relocated once during a 5-year time
span and experienced a change in provider availability. We
then examined the effect of this change in provider availability
on spine spending. The benefit of this design based on migra-
tion is that it examines the within-person effect of change in
provider availability, where confounding by unobserved var-
iables is mitigated because each patient serves as his/her own
control.20, 21 By comparing spending among beneficiaries
who experienced different changes in provider availability,
we mitigate confounding based on factors associated with
beneficiaries’ decisions to move.
Our study of administrative claims and publicly available

data received an expedited approval by the University of
Michigan Health and Behavioral Sciences Institutional Re-
view Board.

Study Population

We identified 16,842,729 beneficiaries aged 65 and older who
were enrolled in Medicare parts A and B during the 5-year
time period between 2010 and 2014 (Fig. 1). For each of the
5 years, residential ZIP codes were merged to the 306 hospital
referral regions (HRRs) that represent regional healthcare
markets.22 We identified 887,917 beneficiaries who moved
once, defined as changing to a different HRR. After restricting
to beneficiaries whose records included at least 2 years of
complete data before and after relocation, our final sample
size was 405,325 Medicare beneficiaries.

Provider Availability

Our primary independent variable was provider availability at
the HRR level per 10,000 Medicare beneficiaries. We focused
on US providers who commonly manage spine conditions.
We examined availability of primary care physicians (internal

medicine, family practice, and general practice) because low
back pain is one of the most common reasons adults visit
primary care physicians.23 We examined availability of spine
surgeons because spine conditions are often managed surgi-
cally. We examined chiropractors as an example of a provider
that operates outside the conventional medical system.
We used data from the National Plan and Provider Enumer-

ation System (NPPES) for 2012 (the midpoint of the time
period) to identify relevant healthcare providers. Provider
specialty codes 11 (internal medicine), 08 (family practice),
and 01 (general practice) were used to identify primary care
physicians.24 Provider specialty codes 20 (orthopedic sur-
geons) and 14 (neurosurgeons) were used to identify spine
surgeons.24 Provider specialty code 35 was used to identify
chiropractors.24 Providers who were not treating Medicare
beneficiaries were removed by identifying those not submit-
ting claims in the 20% Carrier file. As there are many ortho-
pedic surgeons and neurosurgeons who do not perform spine
surgery, we removed spine surgeons who did not have evi-
dence of at least one claim for spine surgery during the
calendar year based on Healthcare Common Procedure

Figure 1 Flow diagram of study inclusion. Relocation (indicated by
the asterisk symbol) defined as changing between hospital referral
regions based on the residential address in the Master Beneficiary

Summary File.
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Coding System (HCPCS) codes. After applying exclusion
criteria, we identified 260,572 primary care physicians,
21,020 spine surgeons, and 45,264 chiropractors.

Spine Spending

The primary dependent variable was inflation-adjusted annual
spine spending per beneficiary, measured before and after
relocation. We calculated the change in spending per benefi-
ciary associated with relocation, defined as the difference
between the average annual spending over the two calendar
years before and the two calendar years after the relocation
year. Because there was no way to identify the exact month in
which the beneficiary relocated, we discarded data from the
year in which beneficiaries moved and used data from years
before and after the year of relocation. We used the combina-
tion of ResDAC’s Carrier, MEDPAR, and Outpatient files to
calculate total spending on spine conditions. A list of
established diagnosis codes was used to identify spine diag-
noses.4 A claim was defined as spine-related if any of these
diagnosis codes appeared on the claim.
We calculated spine spending on inpatient and ambulatory

care separately. For ambulatory care, we used Berenson-
Eggers Type of Service to identify spending on “evaluation
and management,” “medical procedures,” and “imaging and
testing.” Of note, for inpatient spending, we were unable to
separate spending on evaluation, management, procedures,
and imaging with available data.
All spending was adjusted for inflation to 2014 dollars

using the Consumer Price Index for medical services.25

Covariates

We collected data on sociodemographic characteristics such as
age, sex, and race/ethnicity from the Master Beneficiary Sum-
mary File. To account for differences in health status and
potential changes in health status over time, we calculated the
Charlson-Deyo Comorbidity Index26 for each calendar year.
For each ZCTA, both at baseline and post-relocation, we used
Rural-Urban Community Area Codes to identify it as being
either rural or urban.17 We also collected median household
income at the US county level to account for differences in
regional socioeconomic status before versus after relocation.4

Statistical Analysis

For each provider type, we used generalized linear models to
estimate the change in spending as a function of the change in
provider availability. The change in provider availability was
interacted with an indicator variable of whether a beneficiary
experienced an increase or a decrease in provider availability,
allowing us to separately examine the effects of introducing
and removing providers from the healthcare system. For each
spending endpoint (total, inpatient, ambulatory, evaluation
and management, medical procedures, and imaging/testing),
each model was controlled for the covariates described above.

In addition, we controlled for pre-relocation provider avail-
ability and total spending, to account for baseline differences
in healthcare utilization between beneficiaries and focus our
analysis on the changes experienced by beneficiaries in rela-
tion to their move. We also accounted for secular trends by
controlling for relocation year. Since availability of chiroprac-
tors is correlated with availability of primary care physi-
cians,27 we adjusted models of chiropractor availability for
primary care physician availability.
Since the number of primary care physicians greatly exceeds

the number of spine surgeons, we estimated the relationship
between provider availability and spine spending at the national
scale, by extrapolating our estimates to represent the 47.8million
older adults in the USA.28 Adjusted point estimates generated
from ourmodels were scaled relative to the number of providers.
We examined the relationships between 1%, 5%, 10%, and 20%
changes in provider availability and national spending.
We also conducted a sub-analysis restricted to beneficiaries

who had any spine spending prior to relocation.
Analyses were based on complete case analysis, and any

missing data were assumed to be missing completely at ran-
dom. A two-sided p value of 0.05 was considered statistically
significant. Analyses were conducted using SAS version 9.4
(Cary, NC) and Stata version 15.0 (College Station, TX).

RESULTS

Among the 405,325 older adults in our study population,
60.0% were female and 89.8% were white (Table 1). At
baseline (i.e., in the 2 years prior to relocation), the most
common comorbidities were diabetes (21.5%) and chronic
obstructive pulmonary disease (14.0%). The mean comorbid-
ity score was 0.7, with 237,325 beneficiaries (68.6%) having

Table 1 Characteristics of the Study Population

Total sample (no.) 405,325
Sociodemographic characteristics
Mean age in years (SD) 76.2 (7.5)
Female sex, no. (%) 243,392 (60.0)
Race, no. (%)
White 363,830 (89.8)
Black 22,350 (5.5)
Other 19,145 (4.7)

Health status
Mean comorbidity score (SD) 0.7 (0.9)
Comorbidities, no. (%)
Diabetes without chronic complication 86,937 (21.5)
Chronic obstructive pulmonary disease 56,681 (14.0)
Cerebrovascular disease 40,713 (10.0)
Congestive heart failure 32,009 (7.9)
Renal disease 31,975 (7.9)

Healthcare availability and spending
Mean provider availability per 10,000 capita (SD)
Primary care physicians 99 (36)
Spine surgeons 2 (1)
Chiropractors 17 (8)

Mean annual spine spending, 2014 dollars (SD) 738.3 (3421.3)
Inpatient 419.3 (2849.0)
Ambulatory 319.0 (1110.8)
Evaluation and management 56.2 (159.6)
Medical procedures 90.5 (460.3)
Imaging and testing 42.1 (137.8)
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at least one comorbidity. Inpatient spending accounted for
56.8% of all spine spending. Of ambulatory spending, medical
procedures accounted for 28.4% of spending, a greater pro-
portion than accounted for by evaluation and management
(17.6%) and imaging and testing (13.2%). Across HRRs, the
mean availability was 99 (range 38 to 364) primary care
physicians per 10,000 beneficiaries, 2 (range 0 to 4) spine
surgeons per 10,000 beneficiaries, and 17 (range 3 to 68)
chiropractors per 10,000 beneficiaries.

Effect of Healthcare Provider Availability on
Spine Spending

Overall, the association between healthcare provider availability
and annual spine spending was greater among those who expe-
rienced a decrease in availability after relocation versus those
who experienced an increase in availability (Fig. 2). Among
those who experienced a decrease in availability, a reduction of
one spine surgeon per 10,000 beneficiaries was associated with
a decrease of $36.97 (95% confidence interval [CI]: $12.51,
$61.42) in annual spine spending per beneficiary. A reduction
of one primary care physician per 10,000 beneficiaries was
associated with a decrease of $1.41 (95% CI: $0.73, $2.09) in
annual spine spending per beneficiary. For chiropractors, the
association was not statistically significant; a reduction of one
chiropractor per 10,000 beneficiaries was associated with a
decrease of $1.47 (95% CI: $− 1.63, $4.56) in annual spine
spending per beneficiary. Among older adults who experienced
an increase in provider availability, associations were
attenuated—the only statistically significant association was
for primary care physician availability and spine spending.
Differences in spine spending were driven primarily by inpa-

tient spending (Table 2). For instance, among older adults who
experienced a decrease in primary care physician availability,
average inpatient spending decreased by $1.28 (95% CI: 0.65,
1.90) with a decrease in one primary care physician per 10,000
beneficiaries, versus a decrease of $1.41 (95%CI: 0.73, 2.09) for
total spine spending. Likewise, average inpatient spending de-
creased by $35.75 (95% CI: 13.38, 58.11) with a decrease in
availability of spine surgeons. There was no statistically signif-
icant change in ambulatory spending for these provider groups.
Changes in spine spending at the population level were

largely driven by patients with any spine spending prior to
relocation (Appendix, Figure 4).

National Estimates

Accounting for the relative sizes of the different provider
groups and extrapolating to the US population of older adults,
changes in the national workforce size of primary care physi-
cians would lead to the greatest changes in national spine
spending (Fig. 3). For instance, a reduction of the primary
care workforce by 5% would be associated with a $333.8
(95% CI: $172.8, $495.0) million decrease in national spine
spending per year. Considering expansions of the primary care
workforce, increases of 1% and 20%would be associated with

increases of $28.8 (95% CI: $4.0, $53.6) million and $575.5
(95% CI: $79.4, $1071) million, respectively.

DISCUSSION

Our study used a natural experiment to evaluate the relation-
ship between availability of providers that manage spine con-
ditions and spine spending. We found that Medicare

Figure 2 Effect of changes in availability of primary care physicians
(a), spine surgeons (b), and chiropractors (c) on change in spine

spending (post relocation minus baseline). All analyses adjusted for
beneficiary characteristics (age, sex, race, clinical comorbidities),

rurality, and regional median household income.
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beneficiaries who experienced a decrease in availability had
greater changes in spending compared with those who expe-
rienced an increase in availability. Additionally, we found that
availability of spine surgeons (versus primary care physicians
and chiropractors) was most strongly associated with spine
spending. However, when we extrapolated our estimates to the
entire older adult population and accounted for differences in
workforce size by provider type, we found that changes in the
primary care workforce would have the largest effect on
national spine spending. For instance, we estimate that a 5%
reduction in the primary care physician workforce would
decrease national spine spending by $333 million, versus a
$176 million reduction in spending for a 5% decrease in spine
surgeons.
In the context of prior work, our results support findings of a

positive association between spine surgeon availability and
surgery rates.9, 17 We offer a higher level of causal inference
suggesting provider availability might explain observed geo-
graphic variation observed in spine care.7–10, 13–16 Our results
also align with findings of supply-sensitive care in other fields
such as emergency medicine and pediatrics.29, 30

Policymakers designing strategies to improve access to
healthcare resources should be aware of how changes in
provider availability might affect healthcare spending. For
example, our observation of stronger effects on spending
among those who experienced a reduction (versus an increase)
in healthcare availability suggests the removal of services has
a stronger effect on spending, at least in the short term. It is
conceivable that more time may be required for spending to

change as older adults become accustomed to using newly
available services. In addition, for health issues such as spine
conditions that are treated by several different types of pro-
viders, our findings demonstrate the importance of under-
standing how provider types affect spending differently. A
possible explanation of our findings is that in areas of high
provider availability, there are differences in practice load by
provider type. In high availability areas, surgeons may be
busier, and less able to increase capacity, than primary care
physicians. This could explain why we did not observe in-
creased spine spending with increased availability of spine
surgeons. Lastly, the spending changes we observed, together
with prior work demonstrating variation in spine surgery
rates,7–12 speak to the discretionary nature of spine care.
Studies of variation in healthcare often find that high costs
are not associated with better outcomes.31, 32 Further research
is required to understand whether this holds true for spine
conditions. Nevertheless, since factors such as geographic
location and provider availability impact spine spending, there
may be opportunities for improvement in the clinical manage-
ment of spine conditions.
The American Association of Medical Colleges predicts

that the USA will face a shortage of 21,100 to 55,200 physi-
cians by 2032, with primary care physicians expected to
account for about half of the shortage.28 Although the shortage
is controversial for several reasons (e.g., issues regarding the
distribution of physicians between urban and rural areas33, 34),
many advocate for policy changes including training more
physicians35 and non-physician clinicians.36 Most advocate

Table 2 Effect of Changes in Availability of Primary Care Physicians, Spine Surgeons, and Chiropractors on Change in Spine Spending (Post
Relocation Minus Baseline), by Spending Type

Mean spending difference per beneficiary with a change of 1 provider per 10,000
beneficiaries, 2014 dollars (95% CI)

Among those who experienced
a decrease in provider availability

Among those who experienced
an increase in provider availability

Primary care physicians
Total spine spending − 1.41 (− 2.09, − 0.73) 0.61 (0.08, 1.13)
By type
Inpatient − 1.28 (− 1.90, − 0.65) 0.87 (0.39, 1.35)
Ambulatory − 0.13 (− 0.37, 0.11) − 0.27 (− 0.45, − 0.08)
Evaluation and management 0.01 (− 0.02, 0.05) − 0.01 (− 0.04, 0.01)
Medical procedures 0.03 (− 0.08, 0.13) − 0.11 (− 0.19, − 0.03)
Imaging and testing 0.01 (− 0.02, 0.04) − 0.06 (− 0.09, − 0.04)

Spine surgeons
Total spine spending − 36.97 (− 61.42, −12.51) 15.51 (− 32.41, 63.42)
By type
Inpatient − 35.75 (− 58.11, −13.38) 20.34 (− 23.49, 64.16)
Ambulatory − 1.22 (− 9.81, 7.36) − 4.83 (− 21.65, 11.99)
Evaluation and management 1.57 (0.29, 2.84) − 1.03 (− 3.54, 1.47)
Medical procedures 2.01 (− 1.69, 5.72) − 0.17 (− 7.43, 7.09)
Imaging and testing 0.56 (− 0.57, 1.69) − 2.97 (− 5.18, − 0.76)

Chiropractors
Total spine spending − 1.47 (− 4.56, 1.63) − 3.39 (− 5.92, − 0.86)
By type
Inpatient − 0.94 (− 3.77, 1.89) − 2.74 (− 5.05, − 0.43)
Ambulatory − 0.53 (− 1.62, 0.56) − 0.65 (− 1.53, 0.24)
Evaluation and management − 0.03 (− 0.19, 0.13) − 0.19 (− 0.33, − 0.06)
Medical procedures − 0.21 (− 0.68, 0.26) − 0.18 (− 0.57, 0.20)
Imaging and testing 0.16 (0.02, 0.30) − 0.17 (− 0.28, − 0.05)

All analyses adjusted for beneficiary characteristics (age, sex, race, clinical comorbidities), rurality, and regional median household income
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for expansion of the USworkforce of primary care physicians.
We estimate that changes in the size of the primary care
workforce, given its large size, would lead to substantial
increases in spine spending. However, the manner in which
the size of the primary care workforce affects spine spending is
not entirely intuitive. Interestingly, we found that changes in
spine spending associated with changes in the availability
of primary care physicians were driven mainly by inpatient
spending. Also, we observed decreases in spending on outpa-
tient services such as diagnostic imaging and procedures with
increases in primary care physician availability. A possible
explanation is that primary care physicians are a portal of entry
to the healthcare system, providing referrals to specialists who
rely more on more costly inpatient diagnostic imaging, proce-
dures, and treatment. Additionally, our finding that ambulato-
ry imaging increased as surgeon availability decreased sug-
gests the behavior of primary care physicians may be affected
by the availability of other providers, especially in regions
with lower availability of spine surgeons. Our findings speak
to the inter-connectedness of inpatient and outpatient
medicine—studies of healthcare supply and demand must
consider both inpatient and outpatient factors on both the
supply side and the demand side.
There are several limitations to our study that must be

acknowledged. First, the study population consisted of older

Medicare beneficiaries enrolled in part B who relocated, so the
results may not be generalizable to the entire population of
patients with spine conditions. However, there is no evidence
that estimates among movers and non-movers would differ
any meaningful ways. Second, our study was limited to de-
tecting changes in spending 2 years after relocation. It is
possible the changes in spending we observed would be
different over a longer time period, particularly for beneficia-
ries who moved to areas of higher provider availability and
therefore were not required to make immediate behavior
changes. Third, despite the rigorous design of our study, we
cannot completely rule out the possibility of residual con-
founding. Residual confounding among beneficiaries is un-
likely since each study participant served as his/her own
control. However, there may be additional differences be-
tween hospital referral regions, such as hospital access, that
are associated with provider availability and/or spending. We
consider provider availability a surrogate measure of general
healthcare availability. Fourth, since our analyses used entirely
administrative claims, we were not able to determine “high
value” versus “low value” spine spending, i.e., whether dif-
ferences in spending were associated with differences in func-
tional outcomes. Future work should investigate the effect of a
decrease in provider availability on spine care outcomes, as
has been done in several other health conditions.37, 38

Figure 3 Estimated change national spine spending based on 1%, 5%, 10%, and 20% changes in provider workforce sizes of primary care
physicians, spine surgeons, and chiropractors. All analyses adjusted for beneficiary characteristics (age, sex, race, clinical comorbidities),

rurality, and regional median household income.*p value < 0.05; **p value < 0.01; ***p value < 0.001.
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This study offers several important contributions. To our
knowledge, this study is the first to use a natural experiment
based on patient relocation to evaluate the relationship be-
tween provider availability and spending. We provide
healthcare policymakers with estimates about how changes
in the size of the healthcare workforce will affect spine spend-
ing. We also suggest that policymakers must be mindful that
different provider types affect spending differently, and that
the healthcare system reacts differently to increases versus
decreases in resource availability. Our findings can aid
policymakers in evaluating a possible physician shortage,
considering interventions to change the supply of physicians,
and answering broader questions about the effect of the supply
of healthcare resources on utilization.
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