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Abstract

We compared the cost burdens of potentially preventable hospitalizations for cardiovascular 

disease and diabetes for Asian Americans, Pacific Islanders, and Whites using Hawai’i statewide 

2007–2012 inpatient data. The cost burden of the 27,894 preventable hospitalizations over six 

years (total cost: over $353 million) fell heavily on Native Hawaiians who had the largest 

proportion (23%) of all preventable hospitalizations and the highest unadjusted average costs 

(median: $9,117) for these hospitalizations. Diabetes-related amputations (median cost: $20,167) 

were the most expensive of the seven preventable hospitalization types. After adjusting for other 

factors (including age, insurance, and hospital), costs for preventable diabetes-related amputations 

were significantly higher for Native Hawaiians (ratio estimate:1.23; 95%CI:1.05–1.44), Japanese 

(ratio estimate:1.44; 95%CI:1.20–1.72), and other Pacific Islanders (ratio estimate:1.26; 95%CI:

1.04–1.52) compared with Whites. Reducing potentially preventable hospitalizations would not 

only improve health equity, but could also relieve a large and disproportionate cost burden on 

some Pacific Islander and Asian American communities.
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Asian Americans and Pacific Islanders include some of the fastest growing racial/ethnic 

groups in the United States (U.S.).1,2 Many Asian American and Pacific Islander groups 

have notably high burdens of cardiovascular disease and diabetes,3 conditions that 
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necessitate ongoing chronic care management to avoid the expensive and debilitating 

complications that can result from these diseases.4 Yet many within these groups also have 

social and economic vulnerabilities, comorbid health conditions, and poor access to high-

quality health care.5 This presents challenges to chronic care management and can result in 

high disease severity and adverse events.3,6

Potentially preventable hospitalizations are defined by the Agency for Health Care Research 

and Quality (AHRQ) as hospital admissions that are likely preventable through effective 

chronic care management and access to high-quality, primary care.7 Potentially preventable 

hospitalizations for cardiovascular disease (CVD) and diabetes (DM) include the most 

common preventable hospitalizations and incur substantial costs.8 Reducing potentially 

preventable hospitalizations is a major policy goal as this has the potential to improve health 

care quality while also reducing health care costs.9–10 Additionally, because Medicare has 

stopped paying for some potentially preventable hospitalizations and other health care 

payers have followed, much more of the burden of preventable hospitalizations is now 

falling on hospitals in terms of uncompensated care, making this a topic of considerable 

interest in health care administration.11

Significant disparities have been seen in potentially preventable hospitalizations among 

Asian American and Pacific Islander groups in previous studies.6,12–14 Specifically, Native 

Hawaiians, Filipinos, and Japanese have higher preventable hospitalizations rates for 

diabetes and cardiovascular disease than Whites.6,12–13 Resolving potentially preventable 

hospitalization disparities is an important health equity goal.6,12–14

Cost information is critical to policy and administrative considerations, yet little is known 

about the cost burdens of potentially preventable hospitalizations among Asian American 

and Pacific Islander populations. Nationally, the total annual cost of potentially preventable 

hospitalizations for DM and CVD is over $15 billion and the cost of potentially preventable 

hospitalizations for congestive heart failure alone is over $8 billion.8 As national analyses 

typically combine Pacific Islanders with Asian Americans, inequalities across heterogeneous 

subgroups with distinct socioeconomic and health profiles are obscured.15–16 This 

aggregation makes it challenging to understand fully the cost burdens on vulnerable 

communities. This issue is particularly relevant to groups, such as Native Hawaiian, with 

known disparities not only in potentially preventable hospitalizations, but also in 

socioeconomic status and other health determinants.3

The objectives of this study were (1) to examine whether the average cost per hospitalization 

differed by race/ethnicity after adjustment for other factors and (2) to estimate the total cost 

burden of preventable hospitalizations for each racial/ethnic group. Hawai’i is an excellent 

location to perform this work as the state is home to 29% of the total U.S. Native Hawaiian 

or other Pacific Islander population,17 and over 40% of the population in Hawai’i identifies 

as Asian.18
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Methods

Hawaii Health Information Corporation data

Hawaii Health Information Corporation (HHIC) inpatient data from 2007–2012 were 

analyzed, which includes data from the 25 acute care public and private hospitals in the state 

operating during the study period. Data from HHIC includes detailed information on 

discharges from all hospitalizations by all payers, including patient race/ethnicity, insurer, 

age, gender, and International Classification of Diseases – 9th revision – Clinical 

Modification (ICD-9) primary diagnosis, secondary diagnosis, and procedure codes.19

Sample—All non-pregnancy-related hospitalizations by any individual aged 18 years or 

older from December 2007–2012 were considered (N=523,370). Hospitalizations at Tripler 

(the Department of Defense hospital) (n=36,200) were excluded as these they did not 

consistently report racial/ethnic data during the study period. Hospitalizations were also 

excluded if they otherwise did not report race/ethnicity data (n=8,561). Non-Hawai’i 

residents (n=20,052) were excluded. Finally, transfers or unknown admission source 

(n=21,408) were excluded to meet AHRQ potentially preventable hospitalizations 

guidelines.7 After exclusions, the total number of eligible hospitalizations was 437,149 

(83.5% of total hospitalizations).

The HHIC data include a master patient identification variable, used to track individuals 

across all hospitals in the state. Considering unique individuals confirms that multiple 

admissions by members of certain racial/ethnic groups are not driving health disparities, a 

particularly important issue in diabetes and cardiovascular disease, where racial disparities 

are seen in readmissions.20,21

For cumulative costs overall and across race/ethnicity, all admissions by individuals were 

included to identify the full cost burden by racial/ethnic groups. The multivariable analyses 

of cost differences by race/ethnicity were done once per individual so that the characteristics 

of individuals with multiple admissions were only considered once and those with 

readmissions would not disproportionately impact analyses. For individuals with multiple 

admissions, the first admission was used for these analyses.

Potentially preventable hospitalizations—To measure preventable hospitalizations 

for cardiovascular disease and diabetes, we followed AHRQ definitions.7 For cardiovascular 

disease-related preventable hospitalizations, we included three types: (1) congestive heart 

failure, (2) angina, and (3) hypertension. For diabetes-related preventable hospitalizations, 

we included four types: (1) uncontrolled diabetes without mention of a short-term or long-

term complication; (2) diabetes with short-term complications (e.g., ketoacidosis, 

hyperosmolarity, or coma); (3) diabetes with long-term complications (e.g., renal, eye, 

neurological, circulatory, or complications not otherwise specified); and (4) lower-extremity 

diabetes-related amputations. More detail about data specifications can be found at: http://

www.qualityindicators.ahrq.gov/Modules/pqi_resources.aspx. Because the definition of 

lower-extremity diabetes-related amputations preventable hospitalizations can overlap with 

that of short or long-term diabetes-related preventable hospitalizations, all preventable 

hospitalizations that met criteria for lower-extremity diabetes-related amputations 
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preventable hospitalizations and another hospitalization type (either short or long-term 

diabetes-related preventable hospitalizations) were placed into lower-extremity diabetes-

related amputations to eliminate double-counting.

Costs—Costs were estimated by multiplying the total charges for each hospitalization 

supplied in the hospital discharge data by cost/charge ratio (CCR) using established 

guidelines.22 These allow for the conversion of charge data to cost estimates, including an 

adjustment factor (AF) for differences in case mix and severity of illness. The formula is: 

Hospital Charges*CCR*AF= Estimated Cost. All costs were adjusted to constant 2012 

dollars using the Medical component of the Consumer Price Index.23

Race/ethnicity—The HHIC race/ethnicity variable was created from race/ethnicity 

categories available consistently across all hospitals in Hawai’i from 2007–2012.19 Race/

ethnicity data are provided by patient self-report at intake and include only one primary race. 

Mixed-race individuals are represented by self-report of their primary race of identification. 

In 2006 (prior to the study period), HHIC performed community-wide training to ensure that 

the racial/ethnic data were uniformly collected with detail for Asian and Pacific Islander 

subgroups across all Hawai’i hospitals. Classification options for Pacific Islanders include 

Native Hawaiian, Fijian, Guamanian, Marshallese, Melanesian, Other Micronesian, Samoan, 

Tahitian, Tokelauan, and Tongan. Classification options for Asians include Chinese, 

Japanese, Filipino, Korean, Vietnamese, and Thai. The Hawaii Health Information 

Corporation also performs extensive ongoing quality assurance to confirm that racial/ethnic 

data are comparable across hospitals, including clear data specifications, monthly reports to 

identify discrepancies, and regular HHIC-provider stakeholder meetings.

The racial/ethnic groups considered in this analysis were Native Hawaiian, White, Japanese, 

Filipino, other race (e.g., Black, Hispanic, Mixed race as primary identity), Samoan, other 

Pacific Islander (e.g., Tongan, Micronesian), Chinese, and other Asian (e.g., Korean). These 

were the racial/ethnic groups with sufficiently large numbers for statistically reliable 

analyses.

Control variables—In multivariable models, we included factors that have been shown to 

affect preventable hospitalizations.6,12–14 These included gender (male/female), age group 

(younger than 50, 50–64, 65–79, and 80 years or older), co-morbidity, defined by the 

Charlson Comorbidity Index (CCI),24 and payer (Medicare, Medicaid, Private, and other). 

These also included location of residence (live on Oahu vs. other Hawaiian islands) based on 

evidence that access to care is often worse on the other islands, compared with the more 

urban Oahu, hospital, as costs vary by hospital,25 and substance abuse derived from ICD-9 

codes26 based on evidence that this would likely be a significant factor in predicting 

preventable hospitalizations and potentially affecting costs.27

Statistical analysis—To describe the total cost burden by race/ethnicity, we summed the 

total costs of all preventable hospitalizations for each race/ethnicity for the six-year period. 

We also determined the average cost of preventable hospitalizations overall and by 

preventable hospitalization types for individuals by race/ethnicity.
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Costs by hospitalization were compared by racial/ethnic group using Kruskal-Wallis tests 

due to the highly skewed distribution of cost data. Average costs by race/ethnicity adjusting 

for other factors were then predicted in a multivariable model using the gamma regression 

with log link.28 Multivariable models included control variables listed above, type of 

preventable hospitalizations, and interactions between racial/ethnic groups and type of 

preventable hospitalizations as well as racial/ethnic group by age group. (Interactions by 

gender and racial/ethnic groups were also considered, but were not included in the final 

model due to lack of statistical significance.) These models were used to calculate cost ratio 

estimates (RE) and 95% confidence intervals (CI) for each racial/ethnic group compared 

with Whites after adjustment for other factors.

All data analyses were performed in SAS 9.3 (Cary, N.C., 2011). A two-tailed p-value of 

less than .05 was regarded as statistically significant. The study was deemed exempt by the 

University of Hawai’i Institutional Review Committee under Department of Health and 

Human Services criteria 4.

Results

The total number of preventable hospitalizations for cardiovascular disease and diabetes in 

Hawai’i over the six year period was 27,894 by 16,941 individuals for a total cost of 

$353,193,828. Descriptive information about potentially preventable hospitalizations are 

seen in Table 1. The largest proportion of total preventable hospitalizations came from 

Native Hawaiians (23.4%) followed by Whites (21.8%), Japanese (18.9%), Filipino 

(14.0%), other race (8.2%), other Pacific Islander (4.1%), Chinese (4.6%), Samoan (2.3%), 

and other Asian (2.6%).

The most common type of preventable hospitalization was congestive heart failure (CHF), 

accounting for 63.5% of total preventable hospitalizations. The vast majority of preventable 

hospitalizations were paid by public sources (79.7%), with Medicare carrying the largest 

percentage (60.4%). Almost 20% of preventable hospitalizations were by those who were 

under 50 years, 25% were by those 50–64, 25% were also by those 65–79, and 30% were by 

those who were 80+ years. Men had higher rates of preventable hospitalizations (55.1%) 

than women. About 9% of preventable hospitalizations also included a substance use 

diagnosis. The average number of preventable hospitalizations per person was 1.65 (SD: 

1.79).

Figure 1 shows the total cost burden by race/ethnicity. As can be seen, the largest cost 

burden over the six years was seen in Native Hawaiians ($87.2 million), followed by Whites 

($78.7 million) and Japanese ($65.4 million).

Table 2 shows the descriptive data for preventable hospitalizations by race/ethnicity. The 

average number of hospitalizations per person varied significantly across race groups (p-

value<.001). Samoans (mean: 2.22 visits/person) and Native Hawaiians (mean: 1.89 visits/

person) had the highest number of multiple hospitalizations and Japanese (mean: 1.48 visits/

person) had the lowest.
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Average preventable hospitalization costs varied significantly by race/ethnicity (p<0.001). 

The groups with the highest average preventable hospitalization costs were Samoans 

(median: $9,155; mean: $12,623) and Native Hawaiians (median: $9,117; mean: $13,593). 

Other Race (median: $8,372; mean: $11,929) and Filipino (median: $8,389; mean: $11,667) 

had the lowest average preventable hospitalization costs. However, a wide range of 

preventable hospitalization costs were seen within each racial/ethnic group. In most groups, 

the ranges varied from under $1,000 to several hundred thousand dollars for each 

hospitalization. Visits from Native Hawaiians had the widest hospitalization cost range, 

going from slightly over $800 to over a million dollars.

Table 3 shows the cost differences by preventable hospitalization type overall and by racial/

ethnic groups. Diabetes-relatable amputations (median cost: $20,167) had the most 

expensive average cost of the seven included preventable hospitalization types, a cost two 

times higher than any of the other tested types of preventable hospitalizations.

Significant differences in average costs for preventable hospitalizations across racial/ethnic 

groups were seen for short-term complications, long-term complications, and angina. 

Interestingly, though overall Native Hawaiians had the highest average preventable 

hospitalization costs, different racial/ethnic groups had the highest average costs for specific 

types of preventable hospitalizations. For instance, Chinese (median: $9,033) had the 

highest unadjusted median costs for short-term complications, while other Pacific Islanders 

had the highest unadjusted median costs for long-term DM complications (median: $8,868) 

and angina (median: $8,569). Diabetes-relatable amputation costs did not differ significantly 

by race/ethnicity in unadjusted analyses.

Table 4 shows the results of the multivariable model predicting costs. For several types of 

preventable hospitalizations, costs were significantly higher for Asian American and Pacific 

Islander subgroups compared with Whites. Of particular note, costs for preventable diabetes-

related amputation hospitalizations were significantly higher for Native Hawaiians (ratio 

estimate (RE): 1.23; 95% CI: 1.05–1.44), Japanese (RE: 1.44; 95% CI: 1.20–1.72), and other 

Pacific Islanders (RE: 1.30; 95% CI: 1.05–1.61) compared with Whites (Table 4). Moreover, 

for angina preventable hospitalizations, Native Hawaiians (RE: 1.14; 95% CI: 1.01–1.28) 

and Filipinos (RE: 1.16; 95% CI: 1.02–1.32) also showed significantly higher costs than 

Whites.

In contrast, for CHF preventable hospitalizations, costs for Filipinos (RE: 0.92; 95% CI: 

0.88–0.97), Japanese (RE: 0.92; 95% CI: 0.87–0.96), other Asians (RE: 0.82; 95% CI: 0.75–

0.90), and other Pacific Islanders (RE: 0.77; 95% CI: 0.70–0.84) were significantly lower 

than those for Whites. Similarly, costs for DM short-term preventable hospitalizations were 

significantly lower for other Pacific Islanders (RE: 0.76; 95% CI: 0.63–0.92) and Samoans 

(RE: 0.53; 95% CI: 0.37–0.75) and costs for DM long-term preventable hospitalizations 

were significantly lower for Filipinos (RE: 0.87; 95% CI: 0.78–0.96) and Japanese (RE: 

0.88; 95% CI: 0.81–0.96) compared with Whites. No significant differences were seen for 

costs for hypertension preventable hospitalizations by race/ethnicity in adjusted models.
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The appendix provides the ratio estimates for other variables in the full model. Preventable 

hospitalization types varied significantly in costs after adjustment. Of particular note, lower 

extremity amputations were significantly higher than CHF in adjusted models. Women had 

significantly more expensive preventable hospitalizations as did those with higher 

comorbidity and those with a substance abuse diagnosis. All insurance groups were 

significantly more likely than private insurance to have higher costs. Other significant 

factors in the multivariable models were age group, island, and hospital.

Discussion

This study compared the cost burden of potentially preventable hospitalizations for 

cardiovascular disease and diabetes for Asian Americans, Pacific Islanders, and Whites 

using Hawai’i statewide 2007–2012 data. We found the largest cost burden was seen in 

Native Hawaiians who had the largest proportion (23%) of all preventable hospitalizations 

and the highest unadjusted median costs (median: $9,117).

This does not include indirect costs such as “lost productivity, lost wages, absenteeism, 

family leave, lower quality of life and premature death.”29 As a higher percentage of Native 

Hawaiians with preventable hospitalization are working age, these hospitalizations may have 

a greater impact on employment and related factors. This disparity indicates a substantial, 

multifaceted burden for the Native Hawaiian community, which already has a lower 

socioeconomic status than most other racial/ethnic groups in Hawai’i.3

Another group with a heavy burden is other Pacific Islanders, which includes Samoans, 

Tongans, and Micronesians. While the other Pacific Islander population, in total, was only 

responsible for 6.5% of total costs for preventable hospitalizations, other Pacific Islanders in 

Hawai’i have some of the poorest socioeconomic profiles in the state and often have poorer 

health status than other racial/ethnic groups, including Native Hawaiians. Though Hawai’i 

has high insurance coverage rates compared with most other states,30 other Pacific Islander 

groups may be more likely to be uninsured than many other racial/ethnic groups. Being 

uninsured can lead to higher costs for those patients for the same care.31 We considered 

Samoans specifically and found they had a higher average number of preventable 

hospitalizations per person compared with other studied groups. Considering this issue in 

more detail may be very useful; Samoans are a notably understudied racial/ethnic group in 

the U.S. and a better understanding of their health care challenges and burdens specifically 

is needed.

Preventable hospitalizations are driven by many factors, including poor access to health care 

or poorer quality of care. There are known disparities for Asian American and Pacific 

Islanders compared with Whites in access to care.3,5 Social vulnerabilities may help explain 

both higher costs for certain groups for the same type of hospitalization seen in this study as 

well as higher rates of these hospitalizations found in other work. 6,12–14 Reducing these 

hospitalizations is important. Community health clinics that focus on Native Hawaiian 

populations and other community health clinical who serve large proportions of Asian and 

Pacific Islander populations may be critical partners in efforts to reduce preventable 
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hospitalizations, particularly by being trustworthy, culturally relevant, conveniently 

accessible sites for ongoing primary care. 3,5–6

The direct cost burdens of these hospitalizations, as well as the indirect impact on 

employment or family obligations for those hospitalizations, are challenges for any family, 

but may most directly affect families already struggling economically. The burdens of the 

same dollar amount are not equal across groups.31,32 Research has found that racial/ethnic 

minorities with low incomes “spend a greater proportion of their disposable income on 

health care.”31 Furthermore, the financial burden of medical care has been increasing for 

U.S. families in part due to “greater out-of-pocket costs for health insurance, as well as 

sluggish income gains.”33 As medical costs are a common reason for bankruptcy, this is an 

important policy issue. From a policy perspective, there is an additional concern that the 

Affordable Care Act will lead to higher copayments,34 which would mean additional 

burdens on already overburdened communities.

Interestingly, when examining preventable hospitalizations together, there were not 

significant differences in average cost of preventable hospitalizations by race and ethnicity. 

This was because differences in the average preventable hospitalization cost by race and 

ethnicity varied considerably by preventable hospitalization type. For instance, for CHF, 

Whites cost significantly more than some ethnic subgroups. However, significant disparities 

emerged for particular types of preventable hospitalization by race/ethnicity, particularly 

hospitalizations involving lower extremity amputations where Native Hawaiians, Japanese, 

and other Pacific Islanders cost more than Whites.

The costs of preventable hospitalizations are an important policy issue not only to address 

individual finances and family burdens, but also to address public and corporate spending. 

Almost 90% of the total preventable hospitalizations in this study were paid by the public 

system, which amounts to over 290 million dollars over six years, or approximately 50 

million dollars annually, as costs incurred by just one state with a relatively small 

population. Furthermore, the multivariable analyses showed that costs for the public 

insurance system were higher than for private payers after adjusting for other factors. 

Additionally, many admissions were for readmissions. It is likely that if these admissions 

occurred today, Medicare or private payers would not pay for many of them due to new 

reimbursement rules. Thus, this would be uncompensated care for hospitals.

While there are many initiatives in place to address the high costs of preventable 

hospitalizations on the public system, many of these efforts are directed at hospitals to 

reduce their preventable readmission rates through penalties.11 Such efforts may not address 

the larger social and economic systems that lead to poorer access to and utilization of high 

quality chronic care management in the first place.35 Some have suggested that the focus 

and design of these efforts may thus actually increase racial/ethnic disparities.10,36 Yet there 

is a clear and urgent need to address preventable hospitalizations and readmissions, making 

it critical to have a strong understanding of current racial/ethnic disparities in order to 

consider future policy effects.
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Racial/ethnic disparities impose a large cost on our health care system and society at large.29 

Previous research has found that the indirect and direct medical costs faced by American 

minority groups from racial/ethnic disparities to be 1.2 trillion dollars over a three-year 

period.29 These costs fall not just on those individual and their families, but also on 

communities, health care organizations, employers, and the government.29 It may be 

necessary to include all these affected groups in order to find the most successful and 

sustainable solutions to reduce this cost and improve care.

In descriptive analyses, significantly higher costs by race/ethnicity overall and for some 

conditions were observed. In multivariable analyses, we adjusted for factors that might 

impact the severity of the condition on admission (e.g., comorbidity, insurance, age) and 

found no systematic difference overall for higher costs by race/ethnicity. However, from our 

interaction terms, we did see differences across certain types of preventable hospitalizations 

after controlling for other variables. Diabetes-relatable amputations (median cost: $20,167) 

were the most expensive of the seven included preventable hospitalization types. Costs for 

preventable diabetes-relatable amputation hospitalizations remained significantly higher for 

Native Hawaiians, Japanese, and other Pacific Islanders than for Whites in multivariable 

models.

Because these diabetes-related amputations were the most expensive of the seven 

preventable hospitalization types included in our analyses and showed variation by racial/

ethnic groups, we ran a post hoc descriptive comparison to determine if a longer length of 

stay in non-White racial/ethnic groups was a likely factor in explaining the higher costs for 

diabetes-related amputation hospitalizations. We found that length of stay did not vary 

significantly by race/ethnicity for diabetes-related amputation hospitalizations (p=.25). Thus, 

our post hoc analyses indicated that these differences did not appear to be due to differences 

in length of stay across racial/ethnic groups.

Our findings should be useful to policymakers who must allocate increasingly limited 

resources.37 The focus of efforts may depend on whether the goal is reducing health 

disparities or reducing total costs or both. In terms of meeting both goals, we note the high 

potential cost savings of reducing preventable hospitalizations for Native Hawaiians. In 

terms of total cost reduction, we show that reductions in congestive heart failure, as the most 

common type of preventable hospitalization, would provide the most cost savings. 

Congestive heart failure is responsible for 64% of the total diabetes-related and 

cardiovascular preventable hospitalizations. A focus on CHF preventable hospitalizations 

might particularly benefit Whites, who have a very high cost burden and particularly high 

costs for CHF hospitalizations. Asian American and Native Hawaiian ethnic groups also 

have high burdens of congestive heart failure preventable hospitalizations,13 though we find 

that the costs of their hospitalizations are not higher (and are in fact significantly lower in 

some cases) than those of Whites. Addressing CHF hospitalization may provide the most 

overall savings. However, this focus would not specifically address health equity without 

further targeting of vulnerable groups.

The focus of interventions may vary by the racial/ethnic group of interest. Previous studies 

have found that solutions to decrease the underlying prevalence of diabetes can help reduce 
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inequalities and bring significant savings. For instance, a previous study in North Carolina 

found $225 million in potential savings from diabetes-related expenditures from addressing 

racial and economic disparities in diabetes prevalence.38 Other work highlights that for 

some racial/ethnic groups, such as working age and elderly Native Hawaiian men,12 

reducing prevalence alone will help, but will not fully resolve, diabetes-related preventable 

hospitalization disparities. We also must improve health care access to quality primary care 

and issues of social and economic vulnerability.

There are successful examples of such efforts, such as CareOregon with a multidisciplinary, 

coordinated medical home program that has reduced potentially preventable hospitalization 

rates.39 There are costs to these efforts as well. However, “estimates of the excess costs 

associated with potentially preventable hospitalizations can help communities justify 

investments in primary care that ultimately lead to reduced hospitalizations.”16 In recent 

innovative work by the Commonwealth Care Alliance and Intermountain Healthcare, 

savings on preventable hospitalizations offset program costs.39

Limitations

This study has many strengths, including a sample with large numbers of understudied 

Asian American and Pacific Islander groups across multiple hospitals and payers. However, 

the study has some limitations. First, the cost estimates are based on facility claims. Though 

we adjust using a well-established method (cost to charge ratio), this may not truly represent 

actual costs. Furthermore, these costs are from the hospital only. We do not have 

information on physician services or other outpatient services. Additionally, our study is 

descriptive in nature. We are not able to elucidate reasons for cost differences. We are also 

using administrative data, which does not include many important sociodemographic or 

environmental factors that may be relevant, such as education or social support and 

caregiving.3,40 As mentioned above, these estimates of cost sharing do not account for 

indirect costs, which could be considerable, particularly if the hospitalized individual is the 

primary wage earner. An amputation is a particularly serious complication, with lasting 

repercussions long beyond the hospital. We are unable to measure the costs burdens of these 

issues, but these burdens are likely to fall disproportionately by race/ethnicity.

We are unable to compare findings with U.S. data for disaggregated Native Hawaiians and 

Pacific Islanders as, to our knowledge, such data do not exist. We believe this is both a 

limitation of our study, but also a strength as we hope that strong evidence from a state with 

substantial proportions of Asian Americans and Pacific Islanders and the ability to capture 

this diversity in existing data systems can provide critical benchmarks for comparative 

research in other locations. This is an important topic for further research.

Future research should also include more detailed information from outpatient data to 

understand better the specific pathways to preventable hospitalizations for individuals and 

how these pathways might vary by race/ethnicity. More detailed inpatient experience data 

would also be helpful to consider which procedures and/or clinical factors impact the 

differences seen in health care costs by race/ethnicity. There may be disparities in care that 

paradoxically lower hospitalization costs. For instance, CHF care in Whites may be more 
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costly because they have increased access to services compared to other racial/ethnic groups. 

Future research can provide insight on this topic.

Conclusions

Asian Americans and Pacific Islanders include some of the fastest growing racial/ethnic 

groups in the U.S. We identify a large cost burden for potentially preventable 

hospitalizations in Native Hawaiians and other Pacific Islanders. While overall the cost per 

hospitalization did not differ significantly by race/ethnicity, variation was seen by race/

ethnicity for some types of preventable hospitalizations. For instance, costs for preventable 

diabetes-relatable amputations (the most expensive of the seven types of tested preventable 

hospitalizations) were significantly higher for Native Hawaiians, Japanese, and other Pacific 

Islanders compared with Whites. In contrast, costs for preventable congestive heart failure 

hospitalizations (the most common of the seven types of tested preventable hospitalizations) 

were significantly higher for Whites than Native Hawaiians, Japanese, and other Pacific 

Islanders. Further research is needed to better understand the reasons why the direction of 

disparities differs by type of preventable hospitalizations. In any case, reducing potentially 

preventable hospitalizations would not only improve health equity, but could also relieve a 

large and disproportionate cost burden on some Pacific Islander and Asian American 

communities, the government, and hospitals.
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Appendix

Multivariable Model Predicting Preventable Hospitalization (PH) Costs Controlling For 

Other Factorsa,b

Variable Comparison Ratio Estimate p value

 Race/Ethnicity

Chinese vs. Whites 0.99 [0.88, 1.11] 0.82

Filipino vs. Whites 0.99 [0.93, 1.05] 0.73

Hawaiian vs. Whites 1.06 [1.00, 1.12] 0.06

Japanese vs. Whites 1.06 [1.00, 1.12] 0.07

Other Asian vs. Whites 0.96 [0.87, 1.07] 0.50

Other PI vs. Whites 0.91 [0.82, 1.01] 0.07

Others vs. Whites 0.96 [0.90, 1.03] 0.27

Samoan vs. Whites 0.95 [0.79, 1.13] 0.54

 PH Type

DM Uncontrolled vs. CHF 0.58 [0.51, 0.67] <.0001

DM short-term vs. CHF 0.87 [0.82, 0.93] <.0001

DM long-term vs. CHF 1.05 [1.00, 1.09] 0.04

DM extremity vs. CHF 2.21 [2.04, 2.39] <.0001

Hypertension vs. CHF 0.75 [0.70, 0.79] <.0001

Angina vs. CHF 0.61 [0.56, 0.66] <.0001

 Insurance

DOD vs. Private 1.25 [1.14, 1.38] <.0001

Medicare vs. Private 1.12 [1.08, 1.16] <.0001

Medicaid vs. Private 1.11 [1.07, 1.15] <.0001

Others vs. Private 1.07 [1.00, 1.13] 0.05
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Variable Comparison Ratio Estimate p value

 Age Group

50–64 vs. <50 1.12 [1.07, 1.17] <.0001

65–79 vs. <50 1.06 [1.00, 1.12] 0.03

80+ vs. <50 1.02 [0.96, 1.09] 0.54

 Gender Female vs. Male 1.04 [1.02, 1.06] 0.0007

 Island

Maui vs. Oahu 1.38 [1.16, 1.64] 0.0002

Hawaii vs. Oahu 1.17 [1.03, 1.31] 0.01

Kauai vs. Oahu 1.27 [1.04, 1.54] 0.02

Others vs. Oahu 1.32 [1.06, 1.65] 0.01

Substance Use Substance use vs. No 1.06 [1.02, 1.11] 0.005

Charlson Comorbidity Index CCI 1.04 [1.04, 1.05] <.0001

a
Also controlling for hospital and interactions for race/ethnicity with age group and with preventable hospitalization type.

b
Gamma regression with log link was used for multivariable analysis.
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Figure 1. 
Total unadjusted cost burden by race/ethnicity for potentially preventable hospitalizations in 

Hawai’i 2007–2012 (rounded to the nearest million).a

Note:
aCosts are in constant 2012 dollars.
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Table 1

DESCRIPTIVE INFORMATION FOR THOSE WITH A PREVENTABLE HOSPITALIZATION (PH) FOR 

CARDIOVASCULAR DISEASE (CVD) OR DIABETES (DM) FROM HAWAI I HEALTH 

INFORMATION CORPORATION DATA, 2007–2012.

Total PH

N 27,894

N (%)

Race/Ethnicity

 Chinese 1274 (4.6%)

 Filipino 3894 (14.0%)

 Hawaiian 6532 (23.4%)

 Japanese 5265 (18.9%)

 Other Asian 732 (2.6%)

 Other Pacific Islander 1154 (4.1%)

 Other race 2296 (8.2%)

 Samoan 654 (2.3%)

 White 6093 (21.8%)

PH Type

 Uncontrolled diabetes 319 (1.1%)

 Short-term complications 2324 (8.3%)

 Long-term complications 4053 (14.5%)

 Lower-extremity amputations 956 (3.4%)

 Hypertension 1364 (4.9%)

 Angina w/o procedure 1156 (4.1%)

 Congestive heart failure 17722 (63.5%)

Insurance

 Dept of Defense 374 (1.3%)

 Medicare 16837 (60.4%)

 Medicaid 5018 (18.0%)

 Private 4918 (17.6%)

 Other 747 (2.7%)

Age group

 <50 5520 (19.8%)

 50–64 6942 (24.9%)

 65–79 7073 (25.4%)

 80+ 8359 (30.0%)

Island

 Oahu 19968 (71.6%)

 Maui 2540 (9.1%)

 Hawaii 3979 (14.3%)
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Total PH

 Kauai 1301 (4.7%)

 Other 106 (0.4%)

Other variables

 Female 12533 (44.9%)

 Substance abuse 2448 (8.8%)

Mean (±SD)

 Average Charlson (CCI) 5.02 (±2.79)

 Average # PH per person 1.65 (±1.79)

J Health Care Poor Underserved. Author manuscript; available in PMC 2016 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Sentell et al. Page 19

T
ab

le
 2

D
es

cr
ip

tiv
e 

da
ta

 f
or

 a
ll 

po
te

nt
ia

lly
 p

re
ve

nt
ab

le
 h

os
pi

ta
liz

at
io

ns
 f

or
 C

V
D

 a
nd

 d
ia

be
te

s 
by

 r
ac

e/
et

hn
ic

ity
 in

 H
aw

ai
’i

 f
ro

m
 H

aw
ai

’i
 H

ea
lth

 I
nf

or
m

at
io

n 
C

or
po

ra
tio

n 
D

at
a,

 2
00

7–
20

12
.a,

b

C
hi

ne
se

F
ili

pi
no

N
at

iv
e

H
aw

ai
ia

n
Ja

pa
ne

se
O

th
er

A
si

an
O

th
er

 P
I

O
th

er
R

ac
e

Sa
m

oa
n

W
hi

te
T

ot
al

T
ot

al
 #

 o
f 

ad
m

is
si

on
s

1,
27

4
3,

89
4

6,
53

2
5,

26
5

73
2

1,
15

4
2,

29
6

65
4

6,
09

3
27

,8
94

T
ot

al
 #

 o
f 

in
di

vi
du

al
s

83
7

2,
41

1
3,

43
5

3,
56

7
47

0
71

3
1,

32
9

29
5

3,
88

4
16

,9
41

A
ve

ra
ge

 #
 o

f 
ad

m
is

si
on

s 
pe

r 
pe

rs
on

1.
52

1.
63

1.
89

1.
48

1.
51

1.
62

1.
74

2.
22

1.
56

1.
65

M
ed

ia
n 

C
os

ts
$8

,8
34

$8
,3

89
$9

,1
17

$8
,6

70
$8

,6
38

$8
,8

21
$8

,3
72

$9
,1

55
$9

,0
42

$8
,7

98

M
ea

n 
(S

D
) 

C
os

ts
$1

2,
89

3 
(±

$1
6,

02
6)

$1
1,

66
7 

(±
$1

4,
42

2)
$1

3,
59

3 
(±

$2
5,

18
0)

$1
2,

34
1 

(±
$1

4,
08

8)
$1

2,
07

0 
(±

$1
1,

08
0)

$1
3,

38
5 

(±
$1

5,
56

8)
$1

1,
92

9 
(±

$1
2,

62
1)

$1
2,

62
3 

(±
$1

1,
96

0)
$1

2,
89

5 
(±

$1
5,

58
6)

$1
2,

66
2 

(±
$1

7,
24

1)

C
os

t R
an

ge
$9

87
–$

26
9,

08
1

$1
,2

63
–$

25
2,

44
6

$8
32

–$
1,

07
3,

37
7

$6
67

–$
21

3,
48

9
$1

,2
38

–$
76

,3
37

$1
,3

33
–$

13
4,

51
0

$9
01

–$
19

2,
07

1
$2

,2
61

–$
90

,1
20

$9
21

–$
29

0,
49

0
$6

67
–$

1,
07

3,
37

7

a A
ve

ra
ge

 c
os

ts
 (

m
ed

ia
ns

 a
nd

 m
ea

ns
) 

ar
e 

by
 in

di
vi

du
al

s 
(u

si
ng

 d
at

a 
fr

om
 f

ir
st

 a
dm

is
si

on
).

b C
os

ts
 a

re
 in

 c
on

st
an

t 2
01

2 
do

lla
rs

.

J Health Care Poor Underserved. Author manuscript; available in PMC 2016 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Sentell et al. Page 20

T
ab

le
 3

M
E

D
IA

N
 C

O
ST

S 
B

Y
 T

Y
PE

 O
F 

PR
E

V
E

N
T

A
B

L
E

 H
O

SP
IT

A
L

IZ
A

T
IO

N
 B

Y
 R

A
C

E
/E

T
H

N
IC

IT
Y

 B
Y

 R
A

C
E

/E
T

H
N

IC
IT

Y
 I

N
 H

A
W

A
I 

I,
 2

00
7–

20
12

a,
b

C
hi

ne
se

F
ili

pi
no

N
at

iv
e 

H
aw

ai
ia

n
Ja

pa
ne

se
O

th
er

 A
si

an
O

th
er

 P
I

O
th

er
 R

ac
e

Sa
m

oa
n

W
hi

te
T

ot
al

D
ia

be
te

s

U
nc

on
tr

ol
le

d 
di

ab
et

es
c

$5
,3

24
$4

,9
86

$6
,7

13
$4

,5
41

$5
,5

20
$4

,7
32

c
$6

,6
42

$5
,7

64

Sh
or

t-
te

rm
 c

om
pl

ic
at

io
ns

$9
,0

33
$7

,7
76

$7
,5

07
$8

,2
65

$7
,9

52
$6

,6
99

$6
,6

61
$4

,9
57

$7
,8

40
$7

,7
00

L
on

g-
te

rm
 c

om
pl

ic
at

io
ns

$7
,4

67
$6

,9
10

$8
,8

18
$7

,0
34

$7
,5

40
$8

,8
68

$7
,7

52
$7

,2
29

$8
,5

09
$7

,8
74

L
ow

er
-e

xt
re

m
ity

 a
m

pu
ta

tio
ns

$2
9,

53
5

$1
7,

94
1

$1
8,

96
8

$2
5,

90
0

$1
8,

99
3

$2
0,

99
6

$2
2,

38
5

$1
8,

32
6

$1
8,

76
3

$2
0,

16
7

H
ea

rt
 C

on
di

tio
ns

H
yp

er
te

ns
io

n
$6

,9
89

$6
,6

13
$7

,9
22

$7
,3

76
$6

,5
32

$6
,7

19
$6

,6
41

$7
,6

94
$6

,9
84

$7
,0

36

A
ng

in
a 

w
/o

 p
ro

ce
du

re
$5

,7
36

$6
,7

25
$6

,9
32

$5
,9

58
$6

,8
34

$8
,5

69
$6

,4
15

c
$5

,9
80

$6
,3

58

C
on

ge
st

iv
e 

he
ar

t f
ai

lu
re

$9
,4

17
$9

,2
62

$9
,5

39
$9

,2
51

$9
,7

38
$8

,8
64

$9
,1

37
$9

,9
93

$9
,9

45
$9

,4
73

N
ot

es
:

a C
os

t f
or

 s
ho

rt
 te

rm
 c

om
pl

ic
at

io
ns

 (
p=

.0
03

),
 lo

ng
 te

rm
 c

om
pl

ic
at

io
ns

 (
p<

.0
01

),
 a

nd
 to

ta
l d

ia
be

te
s 

(p
<

.0
01

),
 a

nd
 c

on
ge

st
iv

e 
he

ar
t f

ai
lu

re
 (

p=
.0

1)
 v

ar
y 

si
gn

if
ic

an
tly

 a
cr

os
s 

ra
ce

/e
th

ni
ci

ty
.

b C
os

ts
 a

re
 in

 c
on

st
an

t 2
01

2 
do

lla
rs

.

c Sa
m

pl
e 

to
o 

sm
al

l t
o 

pr
ov

id
e 

st
ab

le
 e

st
im

at
e.

J Health Care Poor Underserved. Author manuscript; available in PMC 2016 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Sentell et al. Page 21

T
ab

le
 4

A
D

JU
ST

E
D

 R
A

T
IO

 E
ST

IM
A

T
E

 F
O

R
 T

H
E

 C
O

ST
 O

F 
A

 H
O

SP
IT

A
L

IZ
A

T
IO

N
 B

Y
 R

A
C

E
/E

T
H

N
IC

IT
Y

 C
O

M
PA

R
E

D
 W

IT
H

 W
H

IT
E

S 
FO

R
 E

A
C

H
 P

R
E

V
E

N
T

A
B

L
E

 H
O

SP
IT

A
L

IZ
A

T
IO

N
 T

Y
PE

a

C
hi

ne
se

F
ili

pi
no

H
aw

ai
ia

n
Ja

pa
ne

se
O

th
er

 A
si

an
O

th
er

 P
I

O
th

er
Sa

m
oa

n

R
at

io
 E

st
im

at
e

[9
5%

 C
I]

R
at

io
 E

st
im

at
e

[9
5%

 C
I]

R
at

io
 E

st
im

at
e

[9
5%

 C
I]

R
at

io
 E

st
im

at
e

[9
5%

 C
I]

R
at

io
 E

st
im

at
e

[9
5%

 C
I]

R
at

io
 E

st
im

at
e

[9
5%

 C
I]

R
at

io
 E

st
im

at
e

[9
5%

 C
I]

R
at

io
 E

st
im

at
e

[9
5%

 C
I]

D
ia

be
te

s

 
U

nc
on

tr
ol

le
d 

di
ab

et
es

0.
93

 [
0.

55
, 1

.5
5]

0.
84

 [
0.

62
, 1

.1
3]

0.
94

 [
0.

72
, 1

.2
3]

1.
16

 [
0.

88
, 1

.5
3]

0.
83

 [
0.

53
, 1

.2
9]

0.
68

 [
0.

46
, 1

.0
1]

0.
71

 [
0.

53
, 0

.9
5]

*
0.

96
 [

0.
43

, 2
.1

4]

 
Sh

or
t-

te
rm

 c
om

pl
ic

at
io

ns
1.

02
 [

0.
81

, 1
.2

9]
1.

06
 [

0.
92

, 1
.2

1]
0.

97
 [

0.
86

, 1
.1

0]
1.

06
 [

0.
93

, 1
.2

1]
0.

97
 [

0.
78

, 1
.2

2]
0.

76
 [

0.
63

, 0
.9

2]
**

0.
87

 [
0.

75
, 1

.0
0]

0.
53

 [
0.

37
, 0

.7
5]

**
*

 
L

on
g-

te
rm

 c
om

pl
ic

at
io

ns
0.

93
 [

0.
82

, 1
.0

7]
0.

87
 [

0.
78

, 0
.9

6]
**

1.
09

 [
0.

99
, 1

.1
8]

0.
88

 [
0.

81
, 0

.9
6]

**
1.

02
 [

0.
86

, 1
.2

0]
0.

98
 [

0.
86

, 1
.1

2]
1.

03
 [

0.
92

, 1
.1

5]
1.

03
 [

0.
82

, 1
.2

8]

 
L

ow
er

-e
xt

re
m

ity
 a

m
pu

ta
tio

ns
0.

98
 [

0.
66

, 1
.4

6]
1.

11
 [

0.
90

, 1
.3

8]
1.

23
 [

1.
05

, 1
.4

4]
*

1.
43

 [
1.

19
, 1

.7
2]

**
*

1.
03

 [
0.

75
, 1

.4
0]

1.
30

 [
1.

05
, 1

.6
1]

*
1.

24
 [

0.
99

, 1
.5

6]
1.

16
 [

0.
84

, 1
.6

1]

H
ea

rt
 C

on
di

tio
ns

 
H

yp
er

te
ns

io
n

1.
03

 [
0.

83
, 1

.2
8]

0.
99

 [
0.

87
, 1

.1
3]

1.
07

 [
0.

94
, 1

.2
2]

0.
98

 [
0.

86
, 1

.1
1]

0.
98

 [
0.

75
, 1

.2
6]

0.
88

 [
0.

71
, 1

.0
9]

0.
90

 [
0.

76
, 1

.0
6]

1.
13

 [
0.

85
, 1

.5
0]

 
A

ng
in

a 
w

/o
 p

ro
ce

du
re

1.
02

 [
0.

79
, 1

.3
4]

1.
16

 [
1.

02
, 1

.3
2]

*
1.

14
 [

1.
01

, 1
.2

9]
*

1.
05

 [
0.

92
, 1

.1
9]

1.
15

 [
0.

83
, 1

.5
9]

1.
16

 [
0.

89
, 1

.5
3]

1.
17

 [
0.

99
, 1

.3
8]

1.
00

 [
0.

61
, 1

.6
2]

 
C

on
ge

st
iv

e 
he

ar
t f

ai
lu

re
0.

99
 [

0.
91

, 1
.0

8]
0.

94
 [

0.
90

, 0
.9

9]
*

0.
98

 [
0.

94
, 1

.0
2]

0.
92

 [
0.

88
, 0

.9
7]

**
0.

82
 [

0.
75

, 0
.9

0]
**

*
0.

77
 [

0.
70

, 0
.8

4]
**

*
0.

92
 [

0.
87

, 0
.9

8]
**

1.
01

 [
0.

90
, 1

.1
4]

N
ot

es
:

* p=
 <

.0
5

**
p=

 <
.0

1

**
* p=

 <
.0

01

a M
od

el
 c

on
tr

ol
lin

g 
fo

r 
in

su
ra

nc
e,

 a
ge

 g
ro

up
, g

en
de

r,
 p

re
ve

nt
ab

le
 h

os
pi

ta
liz

at
io

n 
(P

H
) 

ty
pe

, c
om

or
bi

di
ty

, s
ub

st
an

ce
 u

se
, h

os
pi

ta
l, 

is
la

nd
, a

nd
 in

te
ra

ct
io

ns
 f

or
 r

ac
e/

et
hn

ic
ity

 w
ith

 a
ge

 g
ro

up
 a

nd
 w

ith
 P

H
 ty

pe
.

J Health Care Poor Underserved. Author manuscript; available in PMC 2016 May 01.


