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BACKGROUND:Wide variations exist in price and quality
for health-care services, but the link between price and
quality remains uncertain.
OBJECTIVE: This paper used claims data from a large
commercially insured population to assess the associa-
tion between both procedure- and provider-level prices
and complication rates for three common outpatient sur-
gical services.
DESIGN: This is a retrospective cohort study.
SETTING: The study usedmedical claims data from com-
mercial health plans between 2009 and 2013 for three
outpatient surgical services—joint arthroscopy, cataract
surgery, and colonoscopy.
MAIN MEASURES: For each procedure, price was
assessed as the sum of patient, employer, and insurer
spending. Complications were identified using existing
algorithms specific to each service. Multivariate regres-
sions were used to risk-adjust prices and complication
rates. Provider-level price and complication rates were
compared by calculating standardized differences that
compared provider risk-adjusted price and complication
rates with other providers within the same geographic
market. The association between provider-level risk-
adjusted price and complication rates was estimated
using a linear regression.
KEY RESULTS: Across the three services, there was an
inverse association between both procedure- and
provider-level prices and complication rates. For joint ar-
throscopy, cataract surgery, and colonoscopy, a one stan-
dard deviation increase in procedure-level price was as-
sociatedwith 1.06 (95%CI 1.05–1.08), 1.14 (95%CI 1.11–
1.16), and 1.07 (95% CI 1.06–1.07) odds increases in the
rate of procedural complications, respectively. A one stan-
dard deviation increase in risk-adjusted provider price
was associated with 0.09 (95% CI 0.07 to 0.11), 0.02
(95% CI 0.003 to 0.05), and 0.32 (95% CI 0.29 to 0.34)
standard deviation increases in the rate of provider risk-
adjusted complication rates, respectively.
LIMITATIONS:Resultsmaybedue tounobserved factors.
Only three surgical services were examined, and the re-
sultsmay not generalize to other services and procedures.
Quality measurements did not include patient satisfac-
tion or experience measures.
CONCLUSIONS: For three common outpatient surgical

services, procedure- and provider-level prices are associ-
ated with modest increased rates of complication rates.
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INTRODUCTION

The US health-care system exhibits substantial variation in
prices,1–3 spending,4 utilization,5,6 and outcomes.7–9 The link
between variations in price and quality remains uncertain10 but
is especially important when trying to improve the efficiency
of the health-care system for the commercially insured popu-
lation. If higher prices are associated with improved outcomes,
then policy makers, insurers, and employers must trade off the
costs and benefits of high-priced providers. Paying higher
prices may be worthwhile if they are associated with mean-
ingfully improved quality or outcomes. However, if there is no
association between prices and quality, or an inverse associa-
tion, then efforts to shift patients to low-priced providers can
both reduce spending and improve the quality of care.
At the same time, while several studies document extensive

variations in the quality of care for health-care services, many
of these studies focus on inpatient services.7–9 As a result, they
do not assess variation in clinical outcomes for many com-
monly received services. As surgical services are increasingly
performed in outpatient settings, understanding the factors that
influence the quality of outpatient surgical services has be-
come more important.11

This study examines this question using nationwide data from
the Health Care Cost Institute (HCCI) and focuses on three
common outpatient surgical services—joint arthroscopy, cataract
surgery, and colonoscopy. These services were chosen due to
their frequency and the presence of existing algorithms to iden-
tify complication rates. The HCCI data includes transaction-level
prices, which has been a barrier to previous studies of the
relationship between prices and quality. Quality was assessed
using the frequency of complications associated with each sur-
gical procedure. For each service, the association between price
and complication rates was estimated at both the procedure and
provider levels.
While previous studies have examined the relationship

between physician price and quality outcomes,12 to our
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knowledge, this is the first study to compare transaction-level
prices and quality for common outpatient surgical services.

Role of the Funding Source

This study was funded by the Bing Center for Health Eco-
nomics, the Laura and John Arnold Foundation, and the
National Cancer Institute (R21CA219229-01). The funders
had no role in the design, conduct, and reporting of this study.
This study was approved by the Institutional Review Boards
of the RAND Corporation and the University of California,
Berkeley.

METHODS

Medical Claims Data

To measure price and quality for outpatient surgical ser-
vices, this study used 2009–2013 claims data from the
HCCI. HCCI, along with the companies providing data to
it—Aetna, Humana, and UnitedHealthcare—collects med-
ical and pharmaceutical claims data for approximately 50
million commercially insured individuals. The HCCI data
includes observations from every state and each US met-
ropolitan region.
The study sample was restricted to patients aged 18–64 who

were enrolled in the same insurance plan for the entire year.
For each patient, health-care utilization (the annual number of
inpatient hospital, outpatient hospital, emergency department
visits, physician office visits, and prescription drug fills) was
also measured. To further control for patient risk characteris-
tics, the Charlson Comorbidity Index and indicators for each
of the 17 chronic conditions underlying the Charlson risk
score were also identified for each patient and year.13 Each
procedure was linked to a specific provider using that pro-
vider’s National Provider Identifier (NPI).

Identification of Surgical Procedures

From the HCCI database, all claims for three surgical services
performed in outpatient settings and related complications to
these services were identified according to Current Procedure
Terminology (CPT) and International Classification of Dis-
ease (ICD-9) codes. In the HCCI data, these three surgical
procedures accounted for 2.5% of total medical spending,
21.7% of spending on outpatient surgical services, and
11.8% of the volume of outpatient surgical services. Cataract
replacement surgeries were identified by CPT codes 66982,
66983, and 66984. Colonoscopies were identified using CPT
codes 44388–44394 and 45378–45385 and ICD-9 codes
45.22, 45.23, 45.25, 45.41, and 45.42. Joint arthroscopy sur-
geries were identified by CPT codes 29830–29838 (elbow
arthroscopy), 29862 (hip arthroscopy), 29870–29887 (knee
arthroscopy), 29805–29826 (shoulder arthroscopy), and
29846 (wrist arthroscopy).

Identification of Procedure Price

Procedure prices were identified by each procedure’s bundled
allowed amount for both facility and professional fees. This
amount represents the negotiated price between the provider
and the insurer and captures actual payments by the patient,
employer, and insurer. It does not represent the Bbilled charge^
amount, which is often not representative of the actual
transacted price but has previously often been used to study
provider prices.

Identification of Procedural Complications

For each procedure, complications related to that procedure
were also identified and were linked to the index surgical
procedure but were required to be separate in time from the
primary cataract surgery. Complications related to joint ar-
throscopy were analyzed at both the 30- and 90-day periods
following the index arthroscopy procedure.14 Complications
for cataract surgery were identified by secondary surgeries as
surrogate markers performed within 90 days of the primary
cataract surgery.

15

Colonoscopy complications were measured
at 30 days and were classified as any procedural complication
for one of three categories: cardiovascular, serious gastroin-
testinal, or other gastrointestinal complications.16 A list of the
CPT and ICD-9 codes used to identify each complication is
included in Online Appendix Table 1.

Additional Control Variables

From the HCCI data, provider volume for each procedure was
calculated and used to control for volume-outcome relation-
ships.17,18 To control for market-level characteristics, addition-
al county-level data from the Area Health Resources File
(number of physicians and nurses per capita, share of physi-
cians that are specialists vs. primary care providers, median
household income, share of households below poverty line,
mean rent, percent of individuals with a college degree, me-
dian rent, and share of population enrolled in both Medicare
and Medicaid), the American Hospital Association’s Annual
Survey (hospital market concentration), the InterStudy survey
of insurers (insurer market concentration), and the SK&A
survey of physician practices (physician market concentration)
were included. A full list of these additional control variables
is included in Online Appendix Table 1.

Statistical Methods

Multivariate regressions were used to measure the risk-
adjusted association between procedure price and the proba-
bility of procedural complications. To estimate risks of proce-
dural complications, a logistic regression with a dichotomous
outcome variable indicating if the procedure was linked to a
procedural complication was estimated. To address skewness,
prices in the logistic regression were standardized to the mean
service-level price in each geographic market. Alternative
models estimated prices in $1000 units (Online Appendix
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Table 3). Separate multivariable regressions were also used to
risk-adjust procedure prices. To risk-adjust prices, a general-
ized linear model with a log link and gamma distribution was
used to measure the predictors of each procedure’s price.19,20

Each regression controlled for patient characteristics and
demographics, including patient age, gender, industry and
insurance plan type, and medical utilization (number of inpa-
tient, outpatient, office-based, and emergency department
visits and number of prescription drug fills). Charlson scores
and fixed effects for chronic conditions further controlled for
patient risk characteristics. Fixed effects for year and month,
CPT codes, and the 306 hospital referral regions in the USA
(HRR)21 were used to control for temporal time differences
(e.g., inflation), specific procedure differences, and time-
invariant market-level characteristics. The abovementioned
controls for provider volume, provider supply, demographics,
and market power were also included. All regressions were
estimated using heteroskedasticity-robust standard errors.

Construction of Provider Risk-Adjusted Price
and Complication Rates

Each provider’s risk-adjusted price and complication rates
were calculated using two steps and separately for each of
the three services. First, the patient-level risk-adjusted price
and complication rates were calculated by computing the fitted
values from the respective multivariate regressions. The price
of each procedure was omitted from the logistic regression
used to risk-adjust complication rates. Second, each provider’s
risk-adjusted price and complication rate were estimated by
calculating the mean patient-level risk-adjusted price and com-
plication rate from all patients treated by each provider with at
least 50 observations.
Next, the correlation between risk-adjusted provider prices

and complication rates was measured. For each procedure, stan-
dardized risk-adjusted price and quality scores that show the
standard deviation difference between each provider compared
to the rest of the providers in each HRRwere calculated for each
provider with at least 50 patient observations. The standardized
scores, often referred to as z-statistics, were computed by divid-
ing the difference between the provider’s mean value of each
outcomemeasure (e.g., risk-adjusted price and complication rate)
and the mean risk-adjusted price and complication rate for all
providers in the HRR by the respective standard deviations from
each HRR.22 To assess the association between risk-adjusted
provider price and complication rates, the correlation between
these two measures was calculated using a linear regression.
Observations were weighted by provider volume.

RESULTS

Patient-Level Results

Table 1 presents descriptive characteristics for the population
included in this study. A total of 784,033 joint arthroscopy,

292,054 cataract surgery, and 2,968,421 colonoscopy proce-
dures were included in this analysis. The mean unadjusted
procedural complication rates were 3.22% for joint arthrosco-
py, 3.04% for cataract surgery, and 3.03% for colonoscopy.
The mean unadjusted price for each procedure was $5484,
$2063, and $1372, respectively. Patients who received these
services were more likely to be above age 45. Arthroscopy
patients were more likely to be female, while cataract surgery
and colonoscopy patients were more likely to be male. For all
three procedures, the mean patient had a Charlson comorbidity
score of less than 1.
Table 2 presents the results of the multivariate logistic

regressions that estimate the association between procedure-
level price and the probability of receiving a complication.
Column 1 presents results for joint arthroscopy, column 2
presents results for cataract surgery, and column 3 presents
results for colonoscopy. For joint arthroscopy, a one standard
deviation increase in price is associated with a 1.06 standard
deviation increase in the odds of receiving a complication
(95% CI 1.05 to 1.08). For cataract surgery and colonoscopy,
the odds ratios are 1.14 (95% CI 1.11 to 1.16) and 1.07 (95%
CI 1.06 to 1.07), respectively.
The adjusted percentages, also presented in Table 2, show

the association between price and the probability of procedural
complications, measured in percentage point terms. For joint
arthroscopy, a one standard deviation increase in price is
associated with a 0.17 percentage point increase in the prob-
ability of procedural complications. Based on the mean joint
arthroscopy complication rate of 3.2%, the percentage point
increase translates into a 5.4% increase in the rate of proce-
dural complications. For cataract surgery and colonoscopy, the
adjusted percentage point increases are 0.36 and 0.19 percent-
age points, respectively, which translate into 11.8 and 5.6%
increases, respectively.

Table 1 Descriptive Characteristics

(1) (2) (3)

Arthroscopy Cataract
surgery

Colonoscopy

Patient age
Age 0–18 6.01% 0.28% 0.69%
Age 19–24 6.74% 0.20% 1.70%
Age 25–34 8.31% 0.65% 4.23%
Age 35–44 18.09% 3.34% 10.04%
Age 45–54 32.03% 19.75% 41.03%
Age 55–64 28.83% 75.78% 42.31%

Percent male
Mean 43.86% 56.24% 54.01%
Standard deviation 49.62% 49.61% 49.84%

Charlson score
Mean 0.33 0.72 0.51
Standard deviation 0.74 1.16 1.09

Procedure price
Mean $5484 $2061 $1372
Standard deviation $4477 $1510 $1003

Complication rate
Mean 3.22% 3.04% 3.47%
Standard deviation 17.66% 17.20% 1830%

Observations 784,303 292,054 2,968,421
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Online Appendix Table 4 presents results from a sensitivity
test that estimate the same regression model, but includes only
year and CPT code fixed effects. These results are similar to

the results presented in Table 2, which include controls for
patient and market characteristics. Any unobserved patient
characteristics are likely correlated with the observed charac-
teristics included as controls. Thus, the similarity between the
results with and without controls suggests that unobserved
confounders may have little influence on the results in Table 2.
Online Appendix Table 5 presents the results of the GLM

regression used to risk-adjust prices. Time trends, younger
patient age, hospital market concentration, and the share of
the population enrolled in Medicaid were associated with
higher procedure prices. Similarly, Online Appendix Table 6
presents the results of the logistic regression used to risk-adjust
complication rates. The strongest predictors of procedural
complications include increased age, a previous chronic con-
dition diagnosis (coronary heart failure, COPD, diabetes, rheu-
matoid arthritis), and health-care utilization (number of outpa-
tient, office-based, and emergency department visits).

Provider-Level Results

A total of 2761 arthroscopy providers had at least 50 patient
observations and were included in the provider-level analysis.
For cataract surgery and colonoscopy, a total of 1269 and 5545
providers met the patient volume inclusion criteria, respective-
ly. Figure 1 shows the distribution of risk-adjusted provider
prices for each of the three services. For arthroscopy, risk-
adjusted provider prices range from $2706 to $11,963. The

Table 2 Association Between Procedure Price and Surgical
Complications

(1) (2) (3)

Arthroscopy Cataract
surgery

Colonoscopy

Odds ratio
Standardized price 1.061***

(0.00740)
1.135***
(0.0134)

1.0674**
(0.00371)

Adjusted percent
Standardized price 0.00173***

(0.000205)
0.00360***
(0.000337)

0.00194***
(0.000103)

Mean complication 3.22% 3.05% 3.47%
Standard deviation
complication

17.66% 17.20% 18.30%

Mean price $5484 $2061 $1372
Standard deviation
price

$4477 $1510 $1003

Observations 784,033 292,054 2,968,421

This table presents the results from a logistic regression that measures
the association between a one standard deviation increase in procedure
price and the probability of receiving a complication. The top panel
expresses results as odds ratios, and the bottom panel expresses results
as adjusted percentage point changes. Each regression includes patient
and market-level controls (listed in Online Appendix Table 2), CPT code
fixed effects, year and month fixed effects, and fixed effects for the
hospital referral region. Robust standard errors are reported in
parentheses
***p< 0.01, **p < 0.05, *p < 0.1
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Figure 1 Variation in provider prices for outpatient surgery. a Joint arthroscopy. b Cataract surgery. c Colonoscopy. These figures plot the
distribution of risk-adjusted provider prices for joint arthroscopy (a), cataract surgery (b), and colonoscopy (c).
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75th percentile price, $6269, was 41.0% larger than the 25th
percentile price, $4447. Risk-adjusted cataract surgery prices
range from $1121 to $4027, with a 38.0% difference between
the 25th and 75th price percentiles ($1664 and $2296). Risk-
adjusted colonoscopy prices range from $674 to $3335, with a
40.7% difference between the 25th and 75th price percentiles
($1088 and $1531). Online Appendix Figure 1 presents the
distribution of unadjusted provider prices.
Figure 2 plots the distribution of provider risk-adjusted

complication rates, which are based on the predicted
values of the regression results from Table 2. For arthros-
copy, provider risk-adjusted complication rates range from
0.79 to 19.77%. The 75th percentile of provider risk-
adjusted complication rates, 3.52%, is 32.4% larger than
the 25th percentile, 2.66%. For cataract surgery, provider
risk-adjusted complication rates range from 0.43 to
12.41%. The 75th percentile, 3.47%, is 45.0% larger than
the 25th percentile, 2.39%. For colonoscopy, risk-adjusted
complication rates range from 0.81 to 33.79%, with a
70.9% range between the 75th and 25th percentiles (4.01
and 2.35%). Online Appendix Figure 2 presents the dis-
tribution of unadjusted provider prices.
To assess the relationship between provider-level risk-

adjusted prices and complication rates, Figure 3 plots the
relationship between each provider’s standardized risk-
adjusted price complication rate scores. Across all three

services, the increasing relationship between the two mea-
sures indicates a positive association between provider
prices and complication rates. In each figure, the slope
of the line indicates the standard deviation association in
the rate of complications for a one standard deviation
increase in the provider’s price. For joint arthroscopy
(panel a), a one standard deviation increase in provider-
level price is associated with a 0.09 (95% CI 0.07 to 0.11)
standard deviation increase in the rate of procedural com-
plications. Both the provider price and risk-adjusted com-
plication measures are relative to each specific geographic
market, which is defined using HRRs. As shown in panels
b and c, a one standard deviation increase in provider-
level prices is associated with a 0.02 (95% CI 0.003 to
0.05) and 0.32 (95% CI 0.29 to 0.34) standard deviation
increase in the provider-level complication rate for cata-
ract surgery and colonoscopy, respectively. These differ-
ences persist even after adjusting for the relevant patient
characteristics that impact both prices and the rate of
procedural complications. Online Appendix Figure 3 pre-
sents results that are not weighted by provider volume,
Online Appendix Figure 4 presents results that do not
adjust for patient and market characteristics, and Online
Appendix Figure 5 only risks-adjusts provider complica-
tion rates and uses unadjusted provider prices. These
results are similar to the results in Figure 3.

Figure 2 Variation in provider complication rates. a Joint arthroscopy. b Cataract surgery. c Colonoscopy. These figures plot the distribution of
risk-adjusted provider complication rates for joint arthroscopy (a), cataract surgery (b), and colonoscopy (c).
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CONCLUSION

While many studies have documented substantial variations in
health-care spending,4 prices1–3, and quality outcomes,7–9 few
studies have focused on the association between price and
quality.10 This study examines the association between varia-
tions in prices and rates of procedural complication rates for
three common outpatient surgical services—joint arthroscopy,
cataract surgery, and colonoscopy.
For all three services, this study documents widespread

variation in both prices and rates of risk-adjusted procedural
complications. Moreover, for all three services, this study
finds a modest but positive association between prices and
complication rates. The results of this study imply that a one
standard deviation increase in provider-level prices is associ-
ated with a 0.02 to 0.32 increase in the rate of procedural
complications. The association is strongest for colonoscopy
services.
This study is not without limitations. For one, this study

only used data from three commercial insurers. While these
three insurers comprise the three of the five largest insurers in
the country, the HCCI data does not include other populations.
Similar analyses should be conducted using data from other
commercial insurers, as well as the Medicare and Medicaid
populations. This study is also limited to three outpatient
surgical services. Future studies should examine this

relationship for other services and patient populations. Sec-
ond, while the multivariate regressions used in this study
control for differences in patient and market characteristics,
there is the possibility that unobserved differences, such as
unobserved health status, may cause both higher prices and
increased risk of complications. Similarly, this study uses a
limited set of patient characteristics to control for potential
confounders. This study does not attempt to estimate if this
association is causal, and if so, the direction of this causality.
Instead, these results should be interpreted as association-level
results. However, similar results were observed in a placebo
test that did not control for patient and market-level
characteristics.
Finally, the measures of procedural quality used in this

study only included clinical outcomes that are measurable in
claims data. These measures do not include patient satisfaction
or experience, which are important dimensions of quality.
Similarly, the procedural complication measures do not iden-
tify Bsuccessful^ procedures. This absence is especially im-
portant for colonoscopies, which are key screening mecha-
nisms for detecting colorectal cancer.23,24

Despite these limitations, this study provides initial evi-
dence on the widespread variation in prices and procedural
complication rates for three common outpatient surgical ser-
vices. While several previous studies have documented exten-
sive geographic variations in prices and quality, few studies

Figure 3 Association between provider price and procedural complication rates for outpatient surgery. a Joint arthroscopy. b Cataract surgery.
c Colonoscopy. These figures plot the association between risk-adjusted provider prices and complication rates for joint arthroscopy (a),

cataract surgery (b), and colonoscopy (c). Each provider’s price and complication rate is measured in standard deviation differences relative to
the other providers in each hospital referral region (HRR).
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have examined the association between provider price and
quality outcomes. In this setting, a modest but positive rela-
tionship was observed between risk-adjusted prices and pro-
cedural complication rates.
This finding raises the possibility that the same market

characteristics that lead to higher prices may also negatively
influence the quality of care. One potential explanation is
provider competition. Many health-care provider markets are
highly concentrated, which has been linked to higher provider
prices.25 If providers compete along both price and quality
dimensions, and increased competition incentivizes lower
prices and increased quality, then increasing market
competiveness may lead to reductions in prices and improve-
ments in quality.26,27 Thus, increased regulatory focus on
improving the competiveness of health-care markets may both
lead to reductions in prices and improvements in clinical
quality. The results of this study also suggest that low-priced
providers are not reimbursed for their higher quality outcomes.
With increased emphasis on paying for value, employers

and insurers have questioned the value of paying for high-
priced providers when alternative providers have lower prices.
If differences in prices are not linked to improved differences
in clinical outcomes, as this study suggests, then efforts to shift
patients to low-priced providers can improve the efficiency of
the delivery system by reducing spending while improving the
quality of care.
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