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POLICY

C ountries around the world are attempting to contain in-

creasing healthcare costs without sacrificing quality of 

care. Relative to other developed countries, the United 

States fares poorly on measures of both healthcare expenditure 

and health outcomes. Although the United States spent $7929 

per person (16.4% of gross domestic product [GDP]) in 2010—

the most of any Organisation for Economic Co-operation and 

Development (OECD) country—health outcomes, such as life 

expectancy, are among the worst in the developed world.1 

Much research has focused on small-area geographic varia-

tion in healthcare spending as evidence of inefficient healthcare 

in the United States.2 A recent report released by the Institute of 

Medicine (IOM) has affirmed that higher healthcare expenditures 

within a region are not related to better outcomes.3 In principle, 

the lack of relationship between spending and outcomes sug-

gests that any unwarranted variation is potentially wasteful, and, 

if eliminated, might decrease costs while maintaining quality. 

Variations in healthcare expenditure have been identified as a 

potential area for up to a 30% reduction in waste (approximately 

$650 billion) in the US healthcare system.4,5 

Apart from issues of economic inefficiency, geographic variations 

in treatments and outcomes have important clinical and health policy 

implications. Outcome differences across regions are evidence for 

the presence of inequalities in care across regions, which represent a 

distinct and important problem in itself. Regional differences in qual-

ity of care may indicate opportunities to improve care for patients in 

places with worse outcomes. Identifying centers that have better out-

comes than others and promoting the practice styles of those centers 

may be a practical way to improve patient outcomes. 

Researchers have proposed several reasons for the observed 

geographic variation in the United States. Studies cite fragmenta-

tion of care,6 racial and socioeconomic barriers to care, and the 

diversity of financing and coverage options as reasons that the 

United States has unwarranted variation.7 Other studies have also 

investigated physician peer effects and the ways that social influ-

ences can affect medical decisions.8
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ABSTRACT

OBJECTIVES: Unwarranted geographic variation in 
spending has received intense scrutiny in the United States. 
However, few studies have compared variation in spending 
and surgical outcomes between the United States healthcare 
system and those of other nations. In this study, we compare 
the geographic variation in postsurgical outcomes and cost 
between the United States and Japan.

STUDY DESIGN: This retrospective cohort study uses 
Medicare Part A data from the United States (2010-2011) 
and similar inpatient data from Japan (2012). Patients 65 
years or older undergoing 1 of 5 surgeries (coronary artery 
bypass graft, abdominal aortic aneurysm repair, colectomy, 
pancreatectomy, or gastrectomy) were selected in the United 
States and Japan. 

METHODS: Reliability- and case-mix–adjusted coefficient 
of variation (COV) values were calculated using hierarchical 
modeling and empirical Bayes techniques for the following 
5 outcomes: postoperative mortality, the development of a 
complication, death after complication (failure to rescue), 
length of stay, and the cost of the hospitalization. Sensitivity 
analyses were also performed by calculating patient 
demographic-and case-mix–adjusted COV values for each 
outcome using weighted age- and sex-standardized values. 

RESULTS: The variability of the postsurgical outcomes was  
uniformly lower in the United States compared with Japan. 
Cost variation was consistently higher in the United States 
for all surgeries.

CONCLUSIONS: Although the US healthcare system 
may be more inefficient regarding costs, the presence of 
higher geographic variation in postoperative care in Japan, 
relative to the United States, suggests that the observed 
geographic variation in the United States—both for health 
expenditures and outcomes—is not a unique manifestation 
of its structural shortcomings.
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One premise underlying the interpreta-

tion of these findings is that the American 

healthcare system is unique in its inefficient 

stewardship of healthcare dollars. This natu-

rally leads to a question: If the United States 

is so singularly ineffective at controlling 

costs and ensuring quality relative to other 

countries, then does it also experience sin-

gularly high geographic variation in costs 

and outcomes relative to other countries? 

In this study, we compared the variability 

in postoperative outcomes and cost of hos-

pitalization for 5 major surgeries in the United States and Japan. 

There are several key similarities and differences between the 

2 countries. Japan is a modern OECD country that has access to 

technologies and treatments similar to those used in the United 

States; however, in 2010, Japan spent only $3204 per person (9.5% 

of GDP) on healthcare while attaining the highest average life ex-

pectancy at birth of any OECD country. Its system also provides 

universal access to care, and it is consistently well-graded from a 

public health standpoint.9 In other words, it does not have many 

of the shortcomings of the US healthcare system that potentially 

lead to unwarranted variation.

Although the prevalence of various surgical procedures has 

been studied, to our knowledge, there have been only few and 

limited comparisons of the variability in surgical outcomes 

among countries.10,11 Surgical outcomes as a quality metric are 

ideal to examine, given their well-established definitions and 

close association between the surgical process and the postop-

erative outcome. If the observed variability in Japan is low, the 

implication would be that the United States is truly unique. If, 

however, the variability in Japan is high, that would suggest 

that variability could be an inherent feature of healthcare sys-

tems. Our main aim is to study whether the United States is truly 

uniquely inefficient or whether geographic variation is part of 

the natural fabric of modern healthcare delivery.

METHODS

Data Source

Our analysis uses 2 data sources: a large Japanese administra-

tive database and the Medicare 5% sample standard analytical 

file. The Japanese administrative database contains anonymous 

patient and encounter-level information collected over the 

9-month period between April 1, 2012, and December 31, 2012. 

The data were originally collected from hospital forms that were 

submitted to the Japanese government as part of an ongoing ef-

fort to reform the healthcare reimbursement system in Japan.12 

Hospitals that participate in this program are designated as Diag-

nosis Procedure Combination (DPC) hospitals, and together, they 

account for more than half of all the acute care beds in Japan. The 

DPC hospitals represent approximately 20% of all hospitals in Ja-

pan; they include all major academic medical centers and most 

of the nation’s larger hospitals. Our sample encompasses 100% of 

the patients from roughly half of these DPC hospitals. Please see 

eAppendix Figure A (eAppendices available at www.ajmc.com)  

for a comparison of our sample with the full set of DPC hospi-

tals. The data contain information on patient status at admis-

sion and discharge; cost of admission; and details on surgeries, 

procedures, and drugs administered during the patient’s stay at 

the hospital. Medical clerks and licensed information managers 

generally oversee the collection and reporting of DPC data at in-

dividual hospitals to optimize the accuracy of the data. Studies 

correlating data from electronic health records and DPC data have 

shown very high compliance.13 In total, our data encompass in-

formation for approximately 5 million patients in more than 600 

hospitals located across every region of Japan.

Data on patients in the United States were obtained from the 

Medicare 5% sample from 2010 to 2011. This is a random sampling 

of 5% of Medicare beneficiaries across all hospitals in the United 

States and has been used extensively to analyze different outcome 

measures.14 In our study, we analyze all inpatient claims by hospi-

tals for this 5% sample. The information about each hospitaliza-

tion includes dates of hospital admission and discharge, discharge 

status, disease(s) diagnosed, and cost of hospitalization.

Cohort Selection

Patients undergoing any of 5 relatively common, higher-risk 

surgeries (abdominal aortic aneurysm repair, coronary artery by-

pass grafting, colectomy, gastrectomy, or pancreatectomy) were 

included in the analysis. We follow the definitions outlined in 

the US Agency for Healthcare Research Quality’s Inpatient Qual-

ity Indicator guidelines when available.15-17 These surgeries have 

been previously used in related investigations studying the 

variability of surgical quality and outcomes.14,18 Japanese pa-

tients were selected using a Japan-specific surgery classification 

scheme (K-codes). K-codes were individually selected and veri-

TAKE-AWAY POINTS

This investigation compares the amount of observed geographic variation in the United States 
and Japan for the surgical outcomes and costs of 5 common, higher-risk surgeries. Key find-
ings include: 

 › The United States has less variation in surgical outcomes compared with Japan, but it has 
higher geographic cost variation.

 › The surgical outcome variation in the United States is not unique; it exists even in a country that 
consistently ranks highly on public health quality measures. This variation is likely the result of 
unique structural inefficiencies in each healthcare system. 

 › There is an opportunity to reduce wasteful spending by standardizing the cost of care in the 
United States.
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fied to correspond to their International Classification of Diseases, 

Ninth Revision, Clinical Modification (ICD-9-CM) counterparts for 

this study; they have similarly been used in other studies to cre-

ate comparable cohorts.19 Comorbidities were defined using Elix-

hauser classification definitions for both the US and Japanese 

cohorts. Prior validation studies have shown that both ICD-9-CM 

and ICD-10 coding algorithms produce similar estimates of co-

morbidity prevalence in administrative data.20 Patients were re-

stricted to those 65 years or older.

Outcomes

We investigated 5 outcomes: in-hospital mortality, postsurgical 

complications, failure to rescue, length of stay, and cost of hospi-

talization. Postsurgical complications are defined using ICD-9-CM 

codes in the US Medicare dataset, and corresponding ICD-10 codes 

for the Japanese dataset. Complications included pulmonary fail-

ure, pneumonia, myocardial infarction, deep vein thrombosis/pul-

monary embolism, acute renal failure, postoperative hemorrhage, 

surgical site infection, and gastrointestinal bleeding. The specific 

ICD-9-CM codes for these complications have been previously vali-

dated as having reasonable agreement when comparing adminis-

trative data with the medical record.21,22 Failure to rescue is defined 

as death after any of the previously listed complications. Variations 

in cost in the United States were calculated using the Medicare Part 

A reimbursement to hospitals. 

We subtracted disproportionate share payments, indirect medi-

cal education payments, and payments classified under total pro-

spective payment system capital from United States cost totals, 

because these represent intended systemic cost variation and 

would inflate our variation estimates for the United States. Regions 

of comparison were defined for each country so that they were 

similar; variability was compared among states in the United 

States and among prefectures in Japan, graphically depicted in 

eAppendix Figure B.

Statistical Analysis

In this study, we calculated outcome-specific coefficients of vari-

ation (COVs), defined as the sample standard deviation divided by 

the mean. The COV is a unitless measure that allows for a compar-

ison of variation between a random variable with different means 

from 2 samples. For example, when used to measure the consis-

tency of an elite athlete’s performance across multiple races, the 

COV will usually be between 1% and 2%.23 

Potential confounders, such as patient characteristics (age 

and gender for both countries’ cohorts, and additionally race 

for the US cohort), comorbidities, and urgent versus scheduled 

admissions, were included in all regression models. We addi-

tionally used hierarchical modeling techniques to adjust our 

COV estimates for reliability.24 Using random effects logistic re-

gression models, we generated empirical Bayes predictions of 

the outcomes that were used to calculate our final COV values. 

This technique minimizes the impact of statistical outliers such 

as those from small-volume hospitals whose estimates can be 

considered less reliable than those of larger-volume hospitals. 

By variably shrinking the contribution of small-volume hospital 

estimates toward the average mortality rate across all hospitals, 

we are able to better estimate systematic, nonrandom variation 

as opposed to variation due to chance.

We additionally performed a sensitivity analysis by calculat-

ing age- and sex-standardized COV values for both countries to 

the 2000 US population, weighting all estimates by the number 

of procedures performed in each state and prefecture. These de-

mographic- and case-mix–adjusted COVs were evaluated by per-

forming multivariate regressions for each outcome of interest. 

We then calculated the adjusted COV (adjusted for age, gender, 

race, comorbidities, and urgency of admission) based on these 

regression estimates. 

RESULTS
We assessed the geographic variation of in-hospital mortality, 

complication rate, failure to rescue rate, length of stay, and the 

cost of hospitalization for 5 major surgical procedures in the 

United States and Japan. 

The Japanese surgical cohort had higher rates of colectomy and 

gastrectomy, together composing 74% of the analyzed surgeries 

versus 31% for the United States. The US surgical cohort was com-

posed of a higher number of coronary artery bypass graft (CABG) 

procedures, representing 52% of the surgical cohort (Table 1). 

Pancreatectomies were the least frequent surgery performed in 

both groups. Table 1 shows the raw descriptive statistics of each 

cohort, but they should not be used for comparison against each 

country as they do not take into account differing patient demo-

graphics and comorbidities between each country.

In comparing the United States and Japan’s reliability-adjusted 

COV values (Table 2 and Figure 1), the observed geographic varia-

tions among regions in Japan were higher than those of the Unit-

ed States for all 20 surgical outcome measures (4 outcomes for 5 

surgeries). Our sensitivity analyses (Table 3 and Figure 2) reiter-

ated these results, as the variation was higher in all 20 outcomes 

except for 1: there was lower variation in length of stay for colec-

tomy in Japan. Of note, is that colectomy was the most frequently 

performed surgery in our analysis (41% of the total cohort) in Ja-

pan, but not in the United States (26% of the total cohort). 

The variation in the cost of hospitalization was uniformly 

lower for Japan across all 5 surgeries for reliability-adjusted COVs. 

This was true in our sensitivity analysis as well. The level of cost 

variation between surgeries was similar across surgeries in Japan 

(adjusted COV values of 7.3 to 7.6), indicating that the specific type 

of surgery did not have much influence on the cost variability be-
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tween regions. This is mostly true for the United States as well, as 

the adjusted COV values ranged from 21.7 to 22.8 with the excep-

tion of CABG with a COV of 25.3.

The level of variation for a given postsurgical outcome was 

similar across different surgeries in each country. For example, 

the approximate reliability-adjusted COVs for mortality across 

the 5 surgeries ranged from 15 to 17 in the United States, while 

ranging from 29 to 33 in Japan. The failure-to-rescue COV ranges 

from 16 to 19 in the United States and between 47 and 50 in Ja-

pan. One notable deviation from this pattern was length of stay 

in the United States. Four of 5 surgeries in the United States had 

a length-of-stay COV between 42 and 55, with the exception of 

CABG, which had a much lower COV at 29.

Our sensitivity analysis endorses the conclusions from our 

reliability-adjusted models, and it also demonstrates the impor-

tance of using the reliability-adjusted estimates. Though our con-

clusions remain the same, the estimates of variability are much 

higher and dispersed in our sensitivity analysis, especially for 

less frequently performed procedures such as pancreatectomy 

where small differences in outcomes could have large statistical 

manifestations (Table 3 and Figure 2). 

In summary, the United States has lower variability for all post-

surgical outcomes, but it has higher cost variability relative to 

Japan. The United States and Japan have low variability between 

surgeries for a given postsurgical outcome, suggesting that the 

differences in overall variation between the countries are not de-

pendent on the specific surgery performed.

DISCUSSION
Much of the discussion around geographic variation in US health-

care expenditure and quality has focused singularly on the Unit-

ed States, with little work comparing the geographic variation 

in healthcare outcomes among other countries and the United 

States, especially for resource-intensive surgical procedures. Al-

though previous studies have investigated whether the US health-

care system as a whole is uniquely inefficient compared with 

other countries,7 much of the literature around geographic varia-

tion does not address this topic, instead citing the inefficiency 

of the US healthcare system as a cause for geographic variation. 

This context is important when evaluating the causes and conse-

quences of variation. 

TABLE 1. Characteristics of the United States and Japan Datasetsa

United States

N (%) or Mean (± SD) CABG AAAb Colectomy Pancreatectomy Gastrectomy

Cases 231,719 (52.1%) 62,910 (14.1%) 117,571 (26.4%) 14,265 (3.2%) 18,509 (4.2%)

Cases per state 4544 (± 4411) 1234 (± 1181) 2305 (± 2240) 280 (± 303) 363 (± 403)

  Median (IQR) 3212 (4852) 867 (1315) 1489 (2430) 186 (319) 240 (320)

Deaths 7853 (3.4%) 2671 (4.2%) 11,645 (9.9%) 692 (4.9%) 1572 (8.5%)

Complications 75,173 (32.4%) 11,218 (17.8%) 38,914 (33.1%) 3887 (27.2%) 6095 (32.9%)

FTRc 6076 (2.6%) 1750 (2.8%) 8739 (7.4%) 592 (4.2%) 1238 (6.7%)

LOS 10.5 (± 8.3) 4.9 (± 7.0) 12.5 (± 10.9) 13.2 (± 11.8) 13.8 (± 12.4)

Costd $29,630 (± 27,602) $19,127 (± 18,617) $21,723 (± 26,338) $24,925 (± 29,245) $24,881  (± 31,303)

Japan

N (%) or Mean (± SD) CABG AAAb Colectomy Pancreatectomy Gastrectomy

Cases 6935 (10.2%) 6649 (9.8%) 27,917 (41.0%) 4292 (6.3%) 22,295 (32.7%)

Cases per prefecture 148 (± 167) 141 (± 139) 594 (± 539) 91 (± 81) 474 (± 400)

  Median (IQR) 102 (103) 104 (142) 472 (536) 62 (84) 344 (498)

Deaths 262 (3.8%) 161 (2.4%) 542 (1.9%) 95 (2.2%) 332 (1.5%)

Complications 1097 (15.8%) 812 (12.2%) 4051 (14.5%) 1118 (26.0%) 3237 (14.5%)

FTRc 113 (1.6%) 74 (1.1%) 220 (0.8%) 46 (1.1%) 159 (0.7%)

LOS 34.6 (± 28.5) 21.0 (± 21.0) 26.7 (± 22.9) 46.3 (± 29.4) 27.4 (± 23.1)

Cost $45,797 (± 21,349) $29,956  (± 14,961) $16,068 (± 9261) $28,709 (± 12,355) $19,167 (± 9266)

AAA indicates abdominal aortic aneurysm repair; CABG, coronary artery bypass graft; FTR, failure to rescue; IQR, interquartile range; LOS, length of stay; SD, 
standard deviation.
aThis table shows the descriptive statistics of the cohort used for the US and Japanese analyses. Please note that the descriptive statistics here do not take into 
account the differing patient demographics and comorbidity distributions between each country.
bThe proportion of AAA repair performed using an endovascular approach was 80% in the United States and 46% in Japan.
cDeaths among those patients with at least 1 postoperative complication.
dMedicare Part A payment to the hospital.



604  SEPTEMBER 2016 www.ajmc.com

POLICY

Healthcare efficiency has previously been framed as a combina-

tion of productive and allocative efficiency. Productive efficiency 

refers to the impact of healthcare given a series of inputs such as 

physicians and hospitals, and allocative efficiency measures the 

benefits from the marginal cost of healthcare versus the cost of 

other goods. In this analysis, we characterize both the variation in 

healthcare outcomes (outputs) and the variation in procedure costs 

(inputs) across each country, therefore addressing both aspects of 

efficiency described above. Higher outcome variations reflect lower 

productive efficiency—that is, given the same level of healthcare in-

puts, there are differences in achieving desirable outcomes. In the 

same manner, higher cost variations reflect lower allocative efficien-

cy—that is, in order to achieve the desirable outcome, the amount 

and therefore the value of each healthcare dollar spent varies greatly.

In this study, we demonstrate that although cost varies more in 

the United States compared with Japan, all postsurgical outcome 

measures show less variability in the United States. This suggests 

that geographic variation in outcomes is not a manifestation of US-

specific inefficiencies, but is more likely an inherent part of health-

care delivery and a shared characteristic among healthcare systems.25

Our conclusions are in line with the results of previous studies 

comparing the United States, United Kingdom, and Germany that 

show that among a group of medical conditions, no single coun-

try consistently spent less money and achieved better health out-

comes across different indications.26 Our finding suggests that every 

country struggles in its own way to achieve productive efficiency in 

healthcare. In other words, building a healthcare system where the 

least expenditures result in the best outcomes is a universal problem.

The fact that the United States had higher observed cost varia-

tion than Japan is also consistent with previous analyses. In 2008, 

a report by the Congressional Budget Office concluded that the geo-

TABLE 2. Bayes Analysis of Variation for 5 Different Surgeries in the United States and Japana

CABG AAA Colectomy Pancreatectomy Gastrectomy

Mortality

US 15.2 15.0 16.8 15.7 14.4

Japan 33.0 31.7 28.7 29.3 28.8

Complications

 US 17.7 13.4 14.6 16.3 14.0

Japan 25.4 24.4 24.6 24.3 24.9

Failure to rescue

US 15.5 16.2 18.8 17.1 16.2

Japan 46.7 48.7 46.5 49.8 46.7

Length of stay

US 29.1 44.7 42.3 54.7 42.0

Japan 54.5 47.9 47.5 60.6 57.7

Overall cost

US 25.3 21.7 21.7 22.8 21.9

Japan 7.3 7.5 7.5 7.6 7.6

AAA indicates abdominal aortic aneurysm repair; CABG, coronary artery bypass graft.
aThis analysis uses an empirical Bayes technique to minimize the impact of statistical outliers such as those from small-volume hospitals; it can better estimate 
systematic, nonrandom variation.

FIGURE 1.  Reliability-Adjusted Variation Rates for 5  
Different Surgeries in the United States and Japan

AAA indicates abdominal aortic aneurysm repair; CABG, coronary artery bypass 
graft; Col, colectomy; Gast, gastrectomy; Panc, pancreatectomy.
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graphic variation in healthcare spending was higher in the United 

States than in Canada and the United Kingdom, citing the fact that 

the financing of healthcare is more centralized in those countries.27 

In Japan, the government centrally controls healthcare costs by 

budgeting and setting standard reimbursement rates for proce-

dures. Although our results show that there is more cost variation 

in the United States compared with Japan, this is unlikely to rep-

resent US-specific unwarranted variation in healthcare resource 

use. A recent report by the IOM found that if geographic variation 

were eliminated for post acute care services, variation in Medicare 

spending would fall by 73%.28 Much of the geographic variation in 

expenditure in the United States is actually attributable to post-

acute care and not to excess use of care during hospitalizations.28

The most likely reason for Japan’s increased outcomes variabil-

ity compared with that of the United States is the fact that Japan 

has many more hospitals per capita than the United States. In 2010, 

Japan had 68 hospitals per million individuals compared with 19 

hospitals per million in the United States—a more than 3-fold dif-

ference.1 This translates into surgeons performing high-risk proce-

dures, such as those in this study, relatively infrequently. Similarly, 

hospital staff may have less experience caring for these postopera-

tive patients and are likely to be less prepared for both preventing 

and resolving postoperative complications. There is an extensive 

literature, both in the United States and in Japan, on the benefits of 

centralized surgical centers, where increased surgical and postop-

erative care experience, as well as differences in staffing, can trans-

late to better outcomes for patients.29-31

Other reasons that explain the high variability in Japan in-

clude the less-centralized regulation of hospitals and medical 

care, and the lower level of regulation over physicians’ training 

and development.32 In 1 study, adherence to clinical practice 

guidelines for cholangitis were measured in hospitals across 

FIGURE 2.  Weighted Case-Mix–Adjusted Coefficients of 
Variation for 5 Different Surgeries in the United States and 
Japan

AAA indicates abdominal aortic aneurysm repair; CABG, coronary artery bypass 
graft; Col, colectomy; COV, coefficients of variation; Gast, gastrectomy; Panc, 
pancreatectomy.
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TABLE 3. Weighted Case-Mix–Adjusted Coefficient of Variation for 5 Different Surgeries in the United States and Japan

CABG AAA Colectomy Pancreatectomy Gastrectomy

Mortality

US 26.6 17.4 14.7 35.6 18.7

Japan 45.7 55.0 34.8 85.8 48.9

Complications

 US 17.4 16.1 14.2 19.5 14.4

Japan 47.8 58.2 26.2 34.5 25.4

Failure to rescue

US 26.3 20.3 17.5 39.3 23.0

Japan 71.7 96.8 60.6 108.8 62.4

Length of stay

US 6.3 10.8 8.9 7.8 7.9

Japan 15.7 15.0 8.1 12.7 9.6

Overall cost

US 16.9 18.2 18.3 21.7 20.1

Japan 7.8 10.6 5.7 7.6 5.1

AAA indicates abdominal aortic aneurysm repair; CABG, coronary artery bypass graft.
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Japan. Results showed markedly varied compliance that cor-

related directly with in-hospital mortality rates.33 Patients in 

Japan have universal access to any facility, and in general they 

do not require referrals to visit a specialist. Furthermore, physi-

cians and nurses are currently licensed for life; they do not have 

requirements for license renewal or continuing medical educa-

tion.34 Both of these factors could contribute to higher variabil-

ity in quality of care that patients could receive, especially for 

higher-risk, lower-volume procedures.

Previous studies demonstrate that clinical decision making is 

affected by the supply of specialists, local training frameworks, 

and regulatory factors, all of which are more fragmented in Ja-

pan than in the United States. In addition, geographic variation 

in rates of surgery reflect physician beliefs about the level of ap-

propriateness of the surgery and the extent to which patients 

have a say in their treatment.35 The decentralized nature of Japan’s 

healthcare system, with its many hospitals and unstructured re-

ferral system, presumably exacerbates variation by creating more 

physician “micro-communities” that lead to variable care.36

Potential drivers for more homogeneous outcome performance 

in the United States may arise from the fact that the United States 

has greater standardization of the surgical training curriculum 

relative to Japan, as there is no standardized national surgical cur-

riculum in Japan or even the equivalent of the Accreditation Coun-

cil for Graduate Medical Education.37 The fact that the United States 

has a multiplicity of accrediting organizations that all work toward 

achieving a higher quality of care also undoubtedly plays a role.38 

The existence of managed care in the United States is unique, and 

the role that national payers have in emphasizing quality of care 

also encourages more uniform quality of care across the country. 

Public disclosure of surgical outcomes in the United States may 

also influence quality, as public reporting has been extensively 

studied as an effective quality improvement strategy by encourag-

ing changes in the behavior of providers.39 However, with respect to 

surgical outcomes the evidence is mixed.40 The higher variation in 

United States costs could be due to regional adjustments and varia-

tion in diagnoses billed for the same procedure.

Limitations

There are several limitations to our analysis. First, similar to 

other studies that have made international comparisons, we were 

not able to capture the full variation in care and expenditures due 

to the limited nature of the datasets. We studied a small number 

of high-risk surgical procedures for each country, and we limited 

our observations to patients 65 years or older. In particular, we 

used a subset of the full universe of DPC hospitals; however, if 

we performed the same analysis on the full dataset, the observed 

variation in Japan would likely be even higher. In addition, DPC 

hospitals are generally larger and considered to be more elite hos-

pitals with better patient care, and so our estimates are conserva-

tive relative to a larger dataset. Most investigations concerning 

geographic variation in the United States have also used the Medi-

care population due to the wealth of information that is contained 

in the dataset. Our analysis uses the Medicare Part A reimburse-

ment to institutions as the basis for our cost analysis, thereby 

underestimating the true variation in costs across all sectors, but 

this errs on the side of conservatively estimating variation. Other 

limitations include the fact that the ICD-10 codes used to define 

comorbidities and complications from the DPC database have not 

been rigorously validated. However, since the definitions that 

were used in this study were consistently applied across regions 

in Japan, estimates for variability should be unaffected. 

CONCLUSIONS 
Geographic variation in quality and expenditures has been the 

target of intense investigation in the United States in recent years. 

Though the US healthcare system is often indicted for being in-

efficient, fragmented, and generally wasteful in spending, our 

analysis shows that the US healthcare system has less variation in 

postsurgical outcomes relative to Japan’s healthcare system. This 

suggests that geographic variation, whether in postsurgical out-

comes or healthcare expenditures, is an attribute that is likely in-

herent to healthcare systems and not unique to the US healthcare 

system. However, our analysis shows that that there is an oppor-

tunity to reduce unintentional cost variation in the United States 

by increasing efforts to standardize the cost of care.
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eAppendix  

 

Figure A. Histogram of Bed Sizes for the Full DPC Dataset and Our Subset of DPC Hospitals, 
by Academic Hospital Status 
 
The figure below shows the representativeness of the DPC subset that we used in our analysis. 
The relative proportions of hospitals by bed size and academic status are similar between our 
sample and the full DPC dataset. 
 
 

 
Abbreviation - DPC: Diagnosis Procedure Combination 
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Figure B. Heat Maps of the United States and Japan Showing Geographic Variation in CABG Mortality and Cost 
 
 
 
a) Age- and sex-adjusted CABG mortality rates in the continental United States 
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b) Age- and sex-adjusted CABG costs* in the continental United States 
 

 
 
*Costs reflect the Medicare Part A payment to the hospital 
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c) Age- and sex-adjusted CABG mortality rates in Japan  
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d) Age- and sex-adjusted CABG costs in Japan 
 

 


