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Abstract

Background

In 2013 the United States spent $2.9 trillion on health care, more than in any previous year.

Much of the debate around slowing health care spending growth focuses on the compli-

cated pricing system for services. Our investigation contributes to knowledge of health care

spending by assessing the relationship between charges and payments in the inpatient hos-

pital setting. In the US, charges and payments differ because of a complex set of incentives

that connect health care providers and funders. Our methodology can also be applied to

adjust charge data to reflect actual spending.

Methods

We extracted cause of health care encounter (cause), primary payer (payer), charge, and

payment information for 50,172 inpatient hospital stays from 1996 through 2012. We used

linear regression to assess the relationship between charges and payments, stratified by

payer, year, and cause. We applied our estimates to a large, nationally representative hos-

pital charge sample to estimate payments.

Results

The average amount paid per $1 charged varies significantly across three dimensions:

payer, year, and cause. Among the 10 largest causes of health care spending, average pay-

ments range from 23 to 55 cents per dollar charged. Over time, the amount paid per dollar

charged is decreasing for those with private or public insurance, signifying that inpatient

charges are increasing faster than the amount insurers pay. Conversely, the amount paid

by out-of-pocket payers per dollar charged is increasing over time for several causes.
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Applying our estimates to a nationally representative hospital charge sample generates

payment estimates which align with the official US estimates of inpatient spending.

Conclusions

The amount paid per $1 charged fluctuates significantly depending on the cause of a health

care encounter and the primary payer. In addition, the amount paid per charge is changing

over time. Transparent accounting of hospital spending requires a detailed assessment of

the substantial and growing gap between charges and payments. Understanding what is

driving this divergence and generating accurate spending estimates can inform efforts to

contain health care spending.

Background
In 2013 the United States spent $2.9 trillion on health care, more than in any previous year [1].
In an effort to bend the health care cost curve and to improve quality and transparency, the
Affordable Care Act included a series of payment reforms which substantially affect hospitals
[2]. Much of the debate around hospitals and cost containment is centered on the complicated
and often disjointed pricing system for hospital services [3,4]. To address the persistent rise in
US health care spending, it is essential to grasp the nuances of hospital spending. Our investiga-
tion contributes to the health care spending knowledge base by assessing the relationship
between payments and charges in the inpatient setting.

Up until the 1980s, inpatient charges mirrored payments closely and were a valid proxy for
spending in the US. However, in recent years charges have increased dramatically and pay-
ments have not kept pace [5]. This divergence likely stems from a complex interplay of incen-
tives that exist in today’s US health care system. Payments to hospitals are negotiated based on
varying criteria, which may involve external estimates of the cost of service provision, or a
fixed percentage of billed charges [4]. The specifics depend on the insurer and are periodically
altered [6,7]. Hospitals may respond to changes in payment rates in a number of ways, includ-
ing increasing operating efficiency, but also by providing differential services to patients
depending on their insurance, attempting to attract patients with a specific make-up of insur-
ance coverage, or cutting financial assistance programs [4,6,7]. They may also alter their charg-
ing policy to maximize revenue, rather than tying charges to the cost of providing a given
service. In this case, the amount charged for a given good or service is often non-intuitive.
Moreover, this phenomenon can place the most burden on those with the least bargaining
power, as the uninsured are often confronted with the largest bills [4]. These charges may have
little to do with the cost of the services received. This widening gap means that charge data are
increasingly insufficient for estimating how much was actually paid.

We approach health care spending from the perspective of the payer. In this framework,
spending on inpatient hospital care should be measured by tracking payments to hospitals,
because payments are the amount of money actually spent by patients and insurers for care.
Unfortunately, data on inpatient payments are often not easily accessible. In contrast to pay-
ment data, information on inpatient charges is easier to obtain. With an understanding of the
ratio between charges and payments, we are able to adjust these comparatively ample charge
data to reflect payments. In this study, we model the payment-to-charge ratio (payment ratio)
in the inpatient setting from 1996 to 2012 by cause of health care encounter (cause) and pri-
mary payer type (payer)–private insurance, public insurance, and out-of-pocket payments. We
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then apply these payment ratios to a high quality dataset that contains only charge data in
order to produce cause-specific payment estimates over time.

We had two primary objectives for conducting this research. First, since charges do not vary
by payer, analyzing the relationship between payments and charges enables us to understand
who bears the burden of financing US hospital health care, and there is limited research explor-
ing this relationship [8]. We generated nationally representative hospital inpatient payment
ratios across time and stratified by payer and cause. Using payment and charge data from the
Medical Expenditure Panel Survey (MEPS), we modeled a cause- and payer-specific linear rela-
tionship between the payment ratio and time. Exploring the payment ratio by cause is a natural
approach for several reasons. Medicare determines payments based heavily on Medicare Sever-
ity Diagnosis Related Groups (MS-DRGs), which are approximated by the cause groupings
used in this study [9]. While the exact correspondence varies, private payers generally follow
Medicare’s lead in determining reimbursements [7,10,11]. In addition, inspection of the data
reveals that cause is related to the payment ratio, as detailed below and in the S1 File. A thor-
ough understanding of the trends and characteristics of the payment ratio as it relates to time,
payer, and cause can help illuminate market malfunctions and thereby inform health policy to
contain costs and improve health care quality.

Second, we were motivated to develop payment ratios in the inpatient setting as a methodo-
logical tool for the broader goal of tracking spending on health. Most health care spending
research tracks actual payments (also known as spending) [12–14]. However, charge data, such
as the National Inpatient Sample (NIS), are often more readily available than payment data.
Developing cause-, payer-, and year-specific payment ratios allows researchers to adjust char-
ges to reflect payments at a granular level, and thereby render data sources with only charge
data usable for estimating spending.

Methods
In this paper we estimated payment ratios for inpatient health care in the United States. We
regressed the ratio of a patient’s total payments over their total charges on a time trend and
indicators identifying characteristics of the inpatient stay. We used these findings to obtain
payment estimates from the National Inpatient Sample (NIS) dataset, which reports charges
only.

Data and data pre-processing
To estimate payment ratios in the hospital inpatient setting, we used nationally representative
data tracking inpatient stays between 1996 and 2012 from the Medical Expenditure Panel Sur-
vey (MEPS). MEPS is produced annually by the US Agency for Health care Research and
Quality (AHRQ) and provides estimates on spending and health care utilization in the non-
institutionalized civilian population. Household underreporting and underrepresentation of
people with high spending is known to lead to downward-biased spending estimates in MEPS
[5]. However, because it covers many years and is nationally representative, MEPS is still a
valuable and frequently used dataset for studying health care spending. In addition, MEPS
reports both charges and payments for each inpatient stay, and it captures health encounters
by the uninsured and those paying primarily out-of-pocket, making it an ideal input dataset for
our model. We obtained diagnoses, facility charges, facility payments, doctor charges, doctor
payments, age, sex, year, and patient weights from MEPS.

We classified patients in five-year age groups extending to an open category of those older
than 85 years. We split the 0–4 age group into a 0–1 bin and a 1–4 bin because of unique health
care provided during the first year of life. We took the first listed diagnosis to be the primary

Assessing Charges and Payments in US Hospitals: 1996 - 2012

PLOS ONE | DOI:10.1371/journal.pone.0157912 July 8, 2016 3 / 15



diagnosis. We categorized payments by three types of payers: private, public, and out-of-
pocket. Private insurance is insurance that is not administered by the government, with plans
often provided through employers but sometimes purchased separately. Public insurance con-
sists of government programs including Medicaid and Medicare, which insure those who
qualify based on factors like income or age. Out-of-pocket payments come directly from indi-
viduals, rather than through insurance. Many inpatient stays reported payments from multiple
payers, reflecting co-payments, deductibles, or the purchase of Medicare Supplement Insur-
ance. When multiple payers were listed, we designated the payer who covered the largest por-
tion of the payment as the primary payer. Payments categorized as out-of-pocket could include
both patients without insurance and those with high-deductible plans. MEPS lists diagnoses
using the International Classification of Disease version 9 (ICD-9) system [15]. We used the
Global Burden of Disease 2013 study (GBD) as our underlying framework for disease classifica-
tion [16]. This cause framework aggregates the 17,849 ICD-9 codes into 289 distinct causes
based on clinically relevant groupings of codes [17]. Within the GBD framework, causes can be
further aggregated into less granular classifications depending on the policy purpose. In this
study we also included an “expenditure-only” category of causes, which tracks encounters with
the health system that are not associated with disease burden, and are therefore excluded from
GBD. Examples are organ donation, and healthy pregnancy and postpartum care. We mapped
the primary diagnoses found in MEPS to 32 unique causes of health encounters. MEPS trun-
cates ICD-9 codes to three digits for privacy reasons. To map ICD-9 codes more exactly to
GBD causes, we probabilistically replaced the existing ICD-9 codes with full, five-digit equiva-
lents. More description of this replacement process is provided in the S1 File. MEPS has some
observations with ICD-9 codes that do not map to valid GBD causes, such as “fracture of
unspecified bones,” “certain early complications of trauma,” and “care involving use of rehabil-
itation procedures” [18]. Since the underlying cause of the health encounter was not clear,
these observations were considered “garbage causes” and were excluded. Injury-related causes
are sometimes coded to the “nature” of injury, such as a broken hip, and other times to the
“external” cause of injury, such as a car accident. These latter types of injury codes are used by
GBD, as they are deemed to be more policy relevant because they can inform prevention mea-
sures. In order to ensure that spending was attributed to these external injury codes, we proba-
bilistically reassigned nature injury codes to external causes when only a nature code was
provided [19]. More detail on these methods can be found in the S1 File.

Some observations in MEPS report larger total payments than total charges (2.2% of obser-
vations). Based off the assumption that a patient would not pay more than charged for a medi-
cal procedure, we considered these observations to be errors, and we reset these charges to be
equal to payments. To test this assumption, we ran a sensitivity analysis by keeping these char-
ges as they were. This alteration did not qualitatively change our results. Details of this addi-
tional analysis are reported in the S1 File.

Due to relatively small sample size and the possibility of missing rare causes of health
encounters, a moving average approach was used for MEPS, such that data from each year
were added to the annual estimates for that year as well as the adjacent years before and after.
As a consequence, our 1997 estimates include data from 1996 and 1998, and trends over time
are measured to be more gradual. This approach is similar to what is recommended by AHRQ
and methods used by Dunn and colleagues at the US Bureau of Economic Analysis [20].

Statistical methods
We ran cause-specific linear regressions in which payment ratios for an inpatient encounter (a
single stay in an inpatient facility) are a function of payer and year. We imposed a linear time
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trend, but allowed the time trends to be distinct by payer. Inspecting patient-level ratios
showed that these payment ratios did not vary systematically by age or sex, so we did not
include these as additional controls. For each cause, the estimated linear equation was:

payments
charges

� �
i

¼ b0 � publici þ b1 � privatei þ b2 � oopi þ b3 � publici � year þ b4 � privatei
� year þ b5 � oopi � year þ εi

We generated regression weights for each observation by taking the product of the total
charge and the patient weight provided by MEPS. These custom weights allowed our regression
to be appropriately adjusted for two issues. First, the patient weights from MEPS addressed the
survey’s sampling frame. Using these patient weights made our results representative of the
demographics of the civilian non-institutionalized US population. Second, incorporating char-
ges into the regression weights allowed us to up-weight larger charges, making our estimates
representative of every dollar charged.

We applied the above regression for each of the 32 causes that had more than 200 observa-
tions between 1996 and 2012. This threshold was met for 58% of the iterations of the analysis.
Out of the instances for which the threshold was not met, 48% were for out-of-pocket payers.
When this threshold was not met, we included a single year trend, rather than a payer-specific
year trends.

Sensitivity analyses and uncertainty
In order to provide a complete set of estimates, MEPS inpatient data are provided with missing
payment and charge data imputed. If measurement error from AHRQ’s imputation is nonran-
dom, this adjustment could bias our estimates. To assess this possibility we completed a
sensitivity analysis in which we weighted our regression by an index identifying how much
imputation was necessary to complete each observation’s record. This weighting system did
not substantively alter our results. See S1 File for more detail and these results.

In this study we used a linear model to describe the relationship between payment ratios
and time. To test the validity of assuming a linear relationship between payment ratio and
time, we used a natural spline regression model to flexibly estimate a nonlinear change across
time. Allowing for nonlinear time trends did not substantively alter our results. See S1 File for
more detail and these results.

We bootstrapped all our data 1,000 times to generate uncertainty estimates. We ran all anal-
yses 1,000 times and calculated 95% uncertainty intervals for all estimates using the bootstrap
draws.

Applying payment ratios to secondary charge data to track health
spending
The NIS is a nationally representative sample that reports charges, but not actual payments. In
order to convert NIS charge estimates to payment estimates, we applied the predicted payment
ratios calculated fromMEPS and stratified by payer, year, and cause to NIS.

Like MEPS, NIS is produced by AHRQ. It is the largest publicly available all-payer inpatient
health care sample in the United States. With data from six to eight million inpatient hospital
stays per year, NIS produces nationally representative estimates of health care utilization and
facility charges in the inpatient setting [21]. We obtained ICD-9 codes for primary and second-
ary diagnoses, facility charges, age, sex, year, and patient weights from NIS. We used the same
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methodology to process NIS as we did to process MEPS. We binned ages, mapped ICD-9 codes
to GBD causes, and adjusted injury-related observations.

To convert the nationally representative charge data in NIS into nationally representative
payment estimates, we also needed to adjust NIS facility charges to reflect total charges. NIS
facility charges exclude professional fees [18]. Using MEPS, we ran a similar regression to esti-
mate the ratio between facility charges and total charges, stratified by cause and year. Details of
this method appear in the S1 File.

All statistical analyses were run in Stata13 [22]. Fig 1 was created using Stata13 [22]. Fig 2
was made using ggplot2 in R 3.0.0 [23,24].Fig 3 was done in D3 [25]. Fig 4 was created using
Stata13 [22].

Results
We used hospital inpatient data fromMEPS for 1996–2012 to derive payment ratios con-
structed to reflect how much each payer paid on average per dollar charged. These estimates
are stratified by primary payer, cause, and year. Our processed dataset included 197,263 inpa-
tient hospital stays. This total is larger than the original number of observations in MEPS, due
to the moving average and the draw-specific assignment of five-digit ICD-9 codes undertaken
during processing. This expansion is explained in more detail in the S1 File. The primary payer
for 59% of the stays was public insurance, 35% was private insurance, and 6% were patients
who paid out-of-pocket. These represented 61%, 36%, and 3% of the charges, respectively. The
10 largest causes of inpatient health care spending as measured by our study were cardiovascu-
lar diseases; neoplasms; pregnancy and postpartum care; digestive diseases; diabetes, urogeni-
tal, blood, and endocrine diseases (DUBE); unintentional injuries; musculoskeletal disorders;
chronic respiratory diseases; mental and substance use disorders; and transport injuries. In
1996, the average payment ratios across these 10 causes (weighted by total payment for each
cause) were 0.59, 0.51, and 0.36, for private insurance, public insurance, and out-of-pocket,
respectively. In 2012, the average payment ratios for these 10 causes were 0.41, 0.26, and 0.28.

Fig 1 illustrates the variation in average payment ratio by payer and cause. Within these 10
causes, the estimated payment ratio for private payers was consistently the largest, followed by

Fig 1. Weighted average from 1996–2012 of estimated payment ratios with 95% uncertainty intervals,
shown by payer for the 10 largest causes of spending and the weighted average of all causes.

doi:10.1371/journal.pone.0157912.g001
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public, and then out-of-pocket. The distinction between the three payers was statistically signif-
icant for all of these 10 causes (all p-values< 0.01). With payment ratios of 0.43 and 0.42, pub-
lic insurers and those paying out-of-pocket paid more per dollar charged for mental and
substance use disorder treatment than for any of the other 10 largest causes of spending. The
highest payment ratio for private payers was transport injuries, with a value of 0.55. Between
private and public payment ratios, the highest differential between payment ratios was 0.22 for
transport injuries. The lowest differential was for musculoskeletal disorders, with a value of
0.07. In other words, when someone had an inpatient stay for transport injuries, private insur-
ers paid 22 more cents per dollar charged than public insurers, whereas private insurers paid
only 7 more cents per dollar charged when covering musculoskeletal disorders care. Between

Fig 2. Time trends of estimated payment ratios with 95% uncertainty intervals, shown by payer for select causes and the weighted average of all
causes.

doi:10.1371/journal.pone.0157912.g002
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the private and out-of-pocket payment ratios, the highest differential was 0.32 for uninten-
tional injuries, and the lowest was 0.10 for neoplasms. Between the public and out-of-pocket
payment ratios, the greatest differential was for unintentional injuries and the lowest was for
neoplasms, with values of 0.17 and 0.02, respectively.

To get a higher level view of the variation in payment ratios by payer, we generated a
weighted average of payment ratios over all causes and years using payment data fromMEPS
as the weights. For this weighted average, the payer-specific payment ratios were as follows:
0.50 for private, 0.38 for public, and 0.29 for out-of-pocket.

Figs 2 and 3 show how the estimated payment ratios change over time for different payers
within a cause. Fig 2 depicts the time trends for payment ratios for the three payers within a
cause in order to facilitate comparison between payers. Fig 3 illustrates the relationship
between charges and payments for a given payer and cause by showing these metrics on the
same scale (left axis), overlaid by the corresponding payment ratio (right axis). Payment ratios
tended to decline or remain constant for private and public payers, while for out-of-pocket
there were several increasing trends. In the case of DUBE, the private and out-of-pocket pay-
ments relative to charges remained mostly stable but the public payment ratio declined over
time. For unintentional injuries and digestive diseases, the payment ratios declined across all
payers. For the remaining seven of the ten largest causes of spending, some payer-specific pay-
ment ratios crossed over the course of the time period. Table 1 details the numbers behind Fig
2, including the starting and ending payment ratios over the 16-year time period, as well as the
direction of the time trend for each cause and payer combination.

Finally, we applied the payment ratios to NIS charges to obtain nationally representative
payment estimates. Fig 4 contrasts the time trends in charges and payments, stratified by cause.
The reported charges from NIS are shown adjacent to the adjusted payment estimates in each
year. The line running near the top of the payments bars represents a separate yearly estimate
for inpatient care, which is derived from the National Health Expenditure Accounts (NHEA)
estimate for hospital spending. To align the NHEA hospital spending with our definition of
inpatient care, we applied an adjustment used in previous research and explained in more
detail in the S1 File [14,26]. We subtracted out spending attributed to “garbage causes” from
this NHEA estimate. The proximity of the NHEA estimate to the adjusted NIS estimates serves

Fig 3. Interstitial lung disease charges and estimated payments in NIS, with estimated payment ratios
and 95% uncertainty intervals, shown for each payer over time.

doi:10.1371/journal.pone.0157912.g003
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as an external validation of our methods. Further, the gap between these two estimates is read-
ily explained by the fact that the NHEA estimate includes non-operating revenue, which is out
of scope of NIS. Therefore, we expect our adjusted NIS spending estimates to be below the
NHEA line [27]. The NIS adjusted spending estimates presented in this graph confirm this
prior expectation.

While both charges and payments increased from 1996–2012, charges increased more rap-
idly, particularly accelerating in the early 2000s. In 1996, $445.7 billion was charged for inpatient

Fig 4. Time trends of all-payer charges and estimated payments in NIS, stratified by cause, with the
NHEA inpatient total shown for comparison.

doi:10.1371/journal.pone.0157912.g004
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Table 1. Estimated payment ratios by cause and payer in 1996 and 2012, with 95% uncertainty intervals and direction of change over time.

Cause Private payers Public payers Out of pocket payers

1996 2012 Direction of
change

1996 2012 Direction of
change

1996 2012 Direction of
change

All causes weighted 0.59
(0.61,
0.58)

0.42
(0.44,
0.41)

- 0.50
(0.52,
0.48)

0.26
(0.28,
0.25)

- 0.35
(0.42,
0.27)

0.27
(0.30,
0.24)

-

HIV/AIDS & tuberculosis 0.48 (0.59, 0.38) 0.48
(0.62,
0.35)

0.25
(0.34,
0.16)

- 0.08 (0.15, 0.03)

Diarrhea/LRI/other 0.69
(0.76,
0.62)

0.41
(0.47,
0.34)

- 0.53
(0.58,
0.49)

0.27
(0.31,
0.24)

- 0.19
(0.53,
0.09)

0.12
(0.24,
-0.12)

-

NTDs & malaria 0.52 (0.71, 0.36) 0.20 (1.00, 0.04) 1.00 (1.00, 1.00)

Maternal disorders 0.50
(0.59,
0.42)

0.44
(0.56,
0.35)

- 0.43
(0.48,
0.37)

0.19
(0.24,
0.16)

- 0.17 (0.23, 0.12)

Neonatal disorders 0.62 (0.73, 0.51) 0.28
(0.38,
0.22)

0.27
(0.30,
0.21)

- 1.00 (1.00, 1.00)

Nutritional deficiencies 0.56
(0.65,
0.45)

0.56
(0.66,
0.46)

+ 0.46
(0.53,
0.37)

0.25
(0.30,
0.20)

- 0.16 (0.25, 0.04)

Other communicable, maternal,
neonatal, and nutritional diseases

0.69
(0.81,
0.57)

0.51
(0.59,
0.41)

- 0.54
(0.59,
0.48)

0.23
(0.27,
0.20)

- 0.27 (0.40, 0.15)

Communicable not elsewhere
classified

0.63 (0.75, 0.52) 0.30 (0.50, 0.24) 0.12 (0.22, 0.04)

Neoplasms 0.61
(0.65,
0.57)

0.34
(0.40,
0.31)

- 0.51
(0.54,
0.48)

0.28
(0.31,
0.25)

- 0.53
(0.66,
0.41)

0.22
(0.31,
0.12)

-

Other non-communicable 0.53
(0.58,
0.48)

0.55
(0.61,
0.49)

+ 0.46
(0.51,
0.40)

0.25
(0.29,
0.22)

- 0.38
(0.49,
0.24)

0.26
(0.44,
0.16)

-

Cardiovascular diseases 0.59
(0.63,
0.56)

0.39
(0.42,
0.36)

- 0.54
(0.56,
0.51)

0.23
(0.25,
0.21)

- 0.21
(0.28,
0.12)

0.29
(0.35,
0.21)

+

Chronic respiratory 0.63
(0.67,
0.58)

0.42
(0.48,
0.35)

- 0.55
(0.59,
0.50)

0.26
(0.33,
0.23)

- 0.42
(0.53,
0.19)

0.29
(0.37,
0.20)

-

Cirrhosis 0.33
(0.40,
0.28)

0.34
(0.41,
0.29)

+ 0.23
(0.53,
0.11)

0.31
(0.53,
0.21)

+ 0.13 (0.26, 0.06)

Digestive diseases 0.57
(0.60,
0.55)

0.38
(0.41,
0.35)

- 0.47
(0.49,
0.44)

0.28
(0.30,
0.26)

- 0.32
(0.42,
0.23)

0.18
(0.23,
0.12)

-

Neurological disorders 0.66
(0.71,
0.60)

0.38
(0.43,
0.33)

- 0.48
(0.53,
0.39)

0.24
(0.29,
0.21)

- 0.15 (0.20, 0.10)

Mental & substance use 0.62
(0.70,
0.56)

0.41
(0.47,
0.36)

- 0.57
(0.60,
0.52)

0.28
(0.31,
0.26)

- 0.48
(0.63,
0.27)

0.30
(0.42,
0.19)

-

Diabetes/urog/blood/endo 0.47
(0.52,
0.43)

0.43
(0.47,
0.41)

- 0.47
(0.50,
0.44)

0.26
(0.31,
0.23)

- 0.20
(0.29,
0.11)

0.24
(0.32,
0.18)

+

Musculoskeletal disorders 0.45
(0.51,
0.40)

0.42
(0.45,
0.38)

- 0.47
(0.51,
0.43)

0.27
(0.29,
0.25)

- 0.27 (0.33, 0.21)

(Continued)
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health care for causes in our sample, increasing to $1.1 trillion in 2012. Of these charges, the
amount paid increased much less, going from $279.6 billion in 1996 to $385.1 billion in 2012.
The largest cause of both charges and payments in 2012 was cardiovascular diseases, with $221
billion charged and $70.9 billion paid. This was followed by transport injuries and musculoskel-
etal disorders, with payment amounts of $44.9 billion (30.1% of the charges) and $42.6 billion
(42.2% of the charges), respectively.

Discussion
Amidst the current effort to increase transparency in US health care, it is valuable to grasp the
relationship between how much a patient is charged and how much is paid [2]. At a broad
level, the finding that $1.1 trillion were charged for inpatient stays at hospitals in 2012 and only
$385.1 billion were paid highlights the peculiarity of hospital pricing in the US and encourages
a more transparent pricing system. Additionally, understanding how this relationship varies
over time—both by type of primary payer, and by the cause of the health care encounter—can
help researchers and policymakers evaluate the sustainability and equity of the system at a
granular level. Examining the payment ratios can identify target areas for change, including by
improving the cost-efficiency of certain treatments, minimizing overhead costs, altering pay-
ment policy to hospitals for a given DRG or insurance type, or keeping in check certain charg-
ing policies. The payment ratios also serve as a valuable tool for estimating payments when
only charge data are available, which can lead to more accurate accounts of health care spend-
ing in the US. In turn, knowing about health care spending at a detailed level helps to connect
health care finances with the burden of disease in the US, leading to better-informed policy
decisions, and facilitating efforts to minimize spending overall.

Our study finds that payment ratios vary considerably across three dimensions. First, pay-
ment ratios have changed over time. We find that in 1996, an average of 54 cents were paid per
dollar charged for an inpatient stay. By 2012, the average payment went down to only 34 cents

Table 1. (Continued)

Cause Private payers Public payers Out of pocket payers

1996 2012 Direction of
change

1996 2012 Direction of
change

1996 2012 Direction of
change

Transport injuries 0.71
(0.80,
0.63)

0.41
(0.47,
0.36)

- 0.44
(0.53,
0.28)

0.24
(0.32,
0.19)

- 0.27 (0.35, 0.20)

Unintentional injuries 0.62
(0.69,
0.55)

0.44
(0.50,
0.39)

- 0.49
(0.53,
0.44)

0.27
(0.29,
0.25)

- 0.35
(0.43,
0.25)

0.08
(0.15,
0.00)

-

Intentional injuries 0.60
(0.71,
0.44)

0.49
(0.58,
0.41)

- 0.43
(0.53,
0.35)

0.25
(0.30,
0.20)

- 0.20 (0.31, 0.12)

War & disaster 0.45 (0.59, 0.35) 0.48 (0.55, 0.41) 0.24 (1.00, 0.11)

Injuries not elsewhere classified 0.56 (0.68, 0.44) 0.35 (0.46, 0.27) 0.18 (0.67, 0.01)

Pregnancy and postpartum care 0.61
(0.63,
0.60)

0.46
(0.47,
0.45)

- 0.45
(0.46,
0.43)

0.32
(0.33,
0.30)

- 0.21
(0.27,
0.15)

0.42
(0.47,
0.37)

+

Family planning 0.79 (1.00, 0.76) 0.29 (0.41, 0.22) 0.22 (1.00, 0.00)

Donor 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00)

Counselling services 0.34 (0.42, 0.23) 0.34 (0.38, 0.31) 0.22 (0.41, 0.01)

Clinical support 0.57 (0.71, 0.45) 0.31 (0.37, 0.26) 0.25 (1.00, 0.03)

Social services 1.00 (1.00, 1.00) 0.89 (1.00, 0.40) 1.00 (1.00, 1.00)

doi:10.1371/journal.pone.0157912.t001
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per dollar charged. However, during this period, total inpatient spending has increased nearly
57%, from $437 billion in 1996 to $685 billion in 2012 [1,28]. Thus, inpatient charges have
gone up even faster than inpatient payments. The expanding divergence of payments from
charges highlights the unique and complex economic position of health care in the US, as hos-
pitals, insurance companies, and government agencies struggle with seemingly conflicting pri-
orities and capabilities.

Second, our study finds that payment ratios vary substantially by payer. Among the 10 larg-
est causes of inpatient health care spending, public insurers paid an average of 38 cents per dol-
lar charged during the period of our study, whereas private insurers and out-of-pocket payers
paid 50 and 30 cents per dollar charged, respectively. For all of these 10 causes, out-of-pocket
ratios were significantly lower than private and public ratios (p-value< 0.01), and public ratios
were significantly lower than private ratios (p-value< 0.01). The differences in payment pat-
terns across payer types can inform speculation on the benefits and detriments of the various
payment plans available to patients and providers in the US health care system, and in turn
shed light on the state of the system overall. From a broad standpoint, our analysis helps to
identify trends and pinpoint variations between payers, which can assist those working to
improve the equity and efficiency of health care financing in the US.

Third, the relationship between payments and charges for each payer also varies across
causes of health care events. When combined with the variation across time and payer, compli-
cated trends emerge. For example, in 1996 public payers paid 54 cents per dollar charged for
cardiovascular disease treatment in the inpatient setting. By 2012, this number had dropped to
23 cents per dollar charged. We found less change over time for private and out-of-pocket pay-
ers, although the payment ratios decreased during the time of the study. For musculoskeletal
disorders, private payers paid 2 fewer cents per dollar charged than public payers in 1996,
whereas in 2012 public payers paid less than private by 15 cents per dollar charged.

While more research is necessary to confirm any causal mechanisms underlying our results,
we can speculate on what drives the variations across time, payer, and cause. For example, for
out-of-pocket payers, we see that the difference between charges and payments is particularly
large. Oftentimes these charges are not paid because the uninsured go bankrupt in attempting
to cover the entire charge. Out-of-pocket payments, even if only a small fraction of charges,
may indicate catastrophic health spending. Research shows this phenomenon to be on the rise
in the US, especially for low-income families, the uninsured or underinsured, and those with
many long-term conditions [29,30]. In addition, there are some concerns about the increasing
popularity of high-deductible health plans, in which the patient is responsible for paying out-
of-pocket for a large amount of charges before insurance kicks in. Research investigates
whether these plans may incentivize patients to avoid or delay seeking care for fear of incurring
debt, which could result in short-term conditions turning into long-term, more expensive ones
[31]. In summary, our study shows strikingly low payment ratios for out-of-pocket payers,
which supports these pre-existing concerns about the fairness and sustainability of the system
regarding out-of-pocket payers.

Past studies have examined how payment ratios have changed over time and found a similar
downward trend [8,32]. Our study expands upon previous research in several ways. First, we
analyze data in the inpatient setting, which is likely to have a unique medical and financial
makeup compared with general hospital data or other departments. Second, we generate
nationally representative estimates by incorporating patient weights into our methodological
process. Third, we produce credible, gradual time trends over a longer period than previous
studies by using a relatively large dataset and running a regression rather than taking averages.
Fourth, we generate estimates stratified by primary payer, cause of health care encounter,
and year. This level of disaggregation has not been attempted in previous research, and in
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particular, we produce these cause-specific estimates using policy-relevant GBD categories.
Finally, in addition to illuminating trends in payment ratios in the US, our methodology pres-
ents a generalizable approach to obtaining nationally representative spending estimates from
surveys that only provide information on charges.

Although our study’s findings are consistent with past research and have proven to approxi-
mate the NHEA total at an aggregate level (see Fig 4), limitations should be considered. One
constraint of this study is the relatively small sample sizes in MEPS data for some causes, and
for out-of-pocket payers. These data limitations prevent us from estimating time trends by
payer for some causes and motivate us to run the regressions at a less granular GBD cause level
than some published GBD estimates [16]. Higher-quality inpatient data containing primary
diagnosis, charges, and payments would allow for more granular estimates. Finally, with the
data at hand, we are not able to explore variation in the payment ratio across specific medical
facilities, geographies, or medical procedures.

Conclusions
To our knowledge, this study presents the first rigorous investigation of the ratio between pay-
ments and charges in the inpatient setting. We find wide variation in these payment ratios
across time, payer, and cause. This study provides a model for leveraging smaller datasets with
both payment and charge data to obtain spending estimates from larger, more readily available
charge datasets. The findings from this study can also serve as a guideline for policymakers
working to make health care more transparent and equitable.

Supporting Information
S1 File. Assessing the complex and evolving relationship between charges and payments in
US hospitals: 1996–2012—methods appendix.
(DOCX)

Acknowledgments
We would like to thank the variety of individuals who have helped us to advance our US Dis-
ease Expenditure research. Among current and former IHME people this includes Brendan
DeCenso, Daniel Dicker, Abraham Flaxman, Rose Gabert, Rouselle Lavado, Christopher Mur-
ray, Mohsen Naghavi, Noelle Nightingale, Martin Tobias, and Theo Vos.

Author Contributions
Conceived and designed the experiments: HHMB LL. Analyzed the data: HHMB RB ALB CH
EJ JJ LL. Wrote the paper: HHMB AGB JLD.

References
1. Hartman M, Martin AB, Lassman D, Catlin A, Team the NHEA. National Health Spending In 2013:

Growth Slows, Remains In StepWith The Overall Economy. Health Aff (Millwood). 2015; 34: 150–160.
doi: 10.1377/hlthaff.2014.1107

2. Major Affordable Care Act Delivery and Payment Reforms, Summary Table [Internet]. 2013 [cited 14
Apr 2016]. Available: https://www.apha.org/~/media/files/pdf/topics/aca/delivery_reforms_table_apha_
oct2013.ashx.

3. Reinhardt UE. The Pricing Of U.S. Hospital Services: Chaos Behind A Veil Of Secrecy. Health Aff (Mill-
wood). 2006; 25: 57–69. doi: 10.1377/hlthaff.25.1.57

4. Tompkins CP, Altman SH, Eilat E. The Precarious Pricing System For Hospital Services. Health Aff
(Millwood). 2006; 25: 45–56. doi: 10.1377/hlthaff.25.1.45

Assessing Charges and Payments in US Hospitals: 1996 - 2012

PLOS ONE | DOI:10.1371/journal.pone.0157912 July 8, 2016 13 / 15

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0157912.s001
http://dx.doi.org/10.1377/hlthaff.2014.1107
https://www.apha.org/~/media/files/pdf/topics/aca/delivery_reforms_table_apha_oct2013.ashx
https://www.apha.org/~/media/files/pdf/topics/aca/delivery_reforms_table_apha_oct2013.ashx
http://dx.doi.org/10.1377/hlthaff.25.1.57
http://dx.doi.org/10.1377/hlthaff.25.1.45


5. Cohen JW, Monheit AC, Beauregard KM, Cohen SB, Lefkowitz DC, Potter DE, et al. The Medical
Expenditure Panel Survey: a national health information resource. Inq J Med Care Organ Provis
Financ. 1996; 33: 373–389.

6. Epstein AJ, Ketcham JD, Rathore SS, Groeneveld PW. Variations in the use of an innovative technol-
ogy by payer: the case of drug-eluting stents. Med Care. 2012; 50: 1–9. doi: 10.1097/MLR.
0b013e31822d5de9 PMID: 22167062

7. White C. Contrary To Cost-Shift Theory, Lower Medicare Hospital Payment Rates For Inpatient Care
Lead To Lower Private Payment Rates. Health Aff (Millwood). 2013; 32: 935–943. doi: 10.1377/hlthaff.
2012.0332

8. Hsia R, MacIsaac D, Baker Laurence. Decreasing Reimbursements for Outpatient Emergency Depart-
ment Visits Across Payer Groups From 1996 to 2004. Ann Emerg Med. 2008; 51: 265–274.e5. PMID:
17997503

9. An Inpatient Prospective Payment System Refresher: MS-DRGs [Internet]. [cited 14 Apr 2016]. Avail-
able: http://health-information.advanceweb.com/Web-Extras/CCS-Prep/An-Inpatient-Prospective-
Payment-System-Refresher-MS-DRGs-2.aspx.

10. Carter GM, Jacobson PD, Kominski GF, Perry MJ. Use of Diagnosis-Related Groups by Non-Medicare
Payers. Health Care Financ Rev. 1994; 16: 127–158. PMID: 10142368

11. Clemens J, Gottlieb JD. In the Shadow of a Giant: Medicare’s Influence on Private Physician Payments
[Internet]. National Bureau of Economic Research; 2013. Available: http://www.nber.org/papers/w19503.

12. Dunn Abe, Rittmueller Lindsey, Whitmire Bryn. Introducing the New BEA Health Care Satellite Account.
Surv Curr Bus. 2015; Available: http://www.bea.gov/scb/pdf/2015/01%20January/0115_bea_health_
care_satellite_account.pdf.

13. Meara E, White C, Cutler DM. Trends In Medical Spending By Age, 1963–2000. Health Aff (Millwood).
2004; 23: 176–183. doi: 10.1377/hlthaff.23.4.176

14. Roehrig C, Miller G, Lake C, Bryant J. National Health Spending By Medical Condition, 1996–2005.
Health Aff (Millwood). 2009; 28: w358–w367. doi: 10.1377/hlthaff.28.2.w358

15. Overview of Methodology for Imputing Missing Expenditure Data in the Medical Expenditure Panel Sur-
vey [Internet]. Agency for Health care Research and Quality U.S. Department of Health & Human Ser-
vices; 2007. Available: http://meps.ahrq.gov/mepsweb/data_files/publications/mr19/mr19.pdf.

16. Global, regional, and national age—sex specific all-cause and cause-specific mortality for 240 causes
of death, 1990–2013: a systematic analysis for the Global Burden of Disease Study 2013. The Lancet.
2015; 385: 117–171. doi: 10.1016/S0140-6736(14)61682-2

17. ICD—ICD-10-CM—International Classification of Diseases,(ICD-10-CM/PCS Transition [Internet].
[cited 14 Apr 2016]. Available: http://www.cdc.gov/nchs/icd/icd10cm_pcs_background.htm.

18. Naghavi M, Makela S, Foreman K, O’Brien J, Pourmalek F, Lozano R. Algorithms for enhancing public
health utility of national causes-of-death data. Popul Health Metr. 2010; 8: 9. doi: 10.1186/1478-7954-
8-9 PMID: 20459720

19. Vos T, Flaxman AD, Naghavi M, Lozano R, Michaud C, Ezzati M, et al. Years lived with disability
(YLDs) for 1160 sequelae of 289 diseases and injuries 1990–2010: a systematic analysis for the Global
Burden of Disease Study 2010. The Lancet. 2012; 380: 2163–2196. doi: 10.1016/S0140-6736(12)
61729-2

20. Sommers John. An Examination of State Estimates Using Multiple Years of Data from the Medical
Expenditure Panel Survey, Household Component [Internet]. Agency for Health care Research and
Quality Working; Available: http://meps.ahrq.gov/mepsweb/data_files/publications/workingpapers/wp_
06004.pdf.

21. Design of the Nationwide Inpatient Sample ( NIS), 2005 [Internet]. Health care Cost and Utilization Proj-
ect; 2007 Jun. Available: https://www.hcup-us.ahrq.gov/db/nation/nis/reports/NIS_2005_Design_
Report.pdf.

22. Stata Statistical Software: Release 13. College Station, TX: StateCorp; 2013.

23. Wickham H. ggplot2: elegant graphics for data analysis. Springer New York; 2009.

24. R Core Team. R: A language and environment for statistical computing [Internet]. Vienna, Austria: R
Foundation for Statistical Computing; 2013. Available: http://www.R-project.org/.

25. Data-Driven Documents [Internet]. D3.js; Available: http://d3js.org/.

26. Bernard D, Cowan C, Selden T, Cai L, Catlin A, Heffler S. Reconciling Medical Expenditure Estimates
from the MEPS and NHEA, 2007. Medicare Medicaid Res Rev. 2012; 2. doi: 10.5600/mmrr.002.04.a09

27. National Health Expenditure Accounts Methodology Paper, 2013 [Internet]. Available: https://www.
cms.gov/research-statistics-data-and-systems/statistics-trends-and-reports/
nationalhealthexpenddata/downloads/dsm-13.pdf.

Assessing Charges and Payments in US Hospitals: 1996 - 2012

PLOS ONE | DOI:10.1371/journal.pone.0157912 July 8, 2016 14 / 15

http://dx.doi.org/10.1097/MLR.0b013e31822d5de9
http://dx.doi.org/10.1097/MLR.0b013e31822d5de9
http://www.ncbi.nlm.nih.gov/pubmed/22167062
http://dx.doi.org/10.1377/hlthaff.2012.0332
http://dx.doi.org/10.1377/hlthaff.2012.0332
http://www.ncbi.nlm.nih.gov/pubmed/17997503
http://health-information.advanceweb.com/Web-Extras/CCS-Prep/An-Inpatient-Prospective-Payment-System-Refresher-MS-DRGs-2.aspx
http://health-information.advanceweb.com/Web-Extras/CCS-Prep/An-Inpatient-Prospective-Payment-System-Refresher-MS-DRGs-2.aspx
http://www.ncbi.nlm.nih.gov/pubmed/10142368
http://www.nber.org/papers/w19503
http://www.bea.gov/scb/pdf/2015/01%20January/0115_bea_health_care_satellite_account.pdf
http://www.bea.gov/scb/pdf/2015/01%20January/0115_bea_health_care_satellite_account.pdf
http://dx.doi.org/10.1377/hlthaff.23.4.176
http://dx.doi.org/10.1377/hlthaff.28.2.w358
http://meps.ahrq.gov/mepsweb/data_files/publications/mr19/mr19.pdf
http://dx.doi.org/10.1016/S0140-6736(14)61682-2
http://www.cdc.gov/nchs/icd/icd10cm_pcs_background.htm
http://dx.doi.org/10.1186/1478-7954-8-9
http://dx.doi.org/10.1186/1478-7954-8-9
http://www.ncbi.nlm.nih.gov/pubmed/20459720
http://dx.doi.org/10.1016/S0140-6736(12)61729-2
http://dx.doi.org/10.1016/S0140-6736(12)61729-2
http://meps.ahrq.gov/mepsweb/data_files/publications/workingpapers/wp_06004.pdf
http://meps.ahrq.gov/mepsweb/data_files/publications/workingpapers/wp_06004.pdf
https://www.hcup-us.ahrq.gov/db/nation/nis/reports/NIS_2005_Design_Report.pdf
https://www.hcup-us.ahrq.gov/db/nation/nis/reports/NIS_2005_Design_Report.pdf
http://www.R-project.org/
http://d3js.org/
http://dx.doi.org/10.5600/mmrr.002.04.a09
https://www.cms.gov/research-statistics-data-and-systems/statistics-trends-and-reports/nationalhealthexpenddata/downloads/dsm-13.pdf
https://www.cms.gov/research-statistics-data-and-systems/statistics-trends-and-reports/nationalhealthexpenddata/downloads/dsm-13.pdf
https://www.cms.gov/research-statistics-data-and-systems/statistics-trends-and-reports/nationalhealthexpenddata/downloads/dsm-13.pdf


28. Quick Definitions for National Health Expenditure Accounts (NHEA) Categories [Internet]. Center for
Medicare and Medicaid Services; Available: https://www.cms.gov/Research-Statistics-Data-and-
Systems/Statistics-Trends-and-Reports/NationalHealthExpendData/Downloads/quickref.pdf.

29. Merlis M, Gould D, Mahato B. Rising out-of-pocket spending for medical care: A growing strain on fam-
ily budgets [Internet]. 2006 Feb. Available: http://www.commonwealthfund.org/~/media/files/
publications/fund-report/2006/feb/rising-out-of-pocket-spending-for-medical-care-a-growing-strain-on-
family-budgets/merlis_risingoopspending_887-pdf.pdf.

30. Waters HR, Anderson GF, Mays J. Measuring financial protection in health in the United States. Health
Policy. 2004; 69: 339–349. doi: 10.1016/j.healthpol.2004.01.003 PMID: 15276313

31. Islam Ifrad. Trouble Ahead For High Deductible Health Plans? In: Health Affairs [Internet]. 7 Oct 2015
[cited 14 Apr 2016]. Available: http://healthaffairs.org/blog/2015/10/07/trouble-ahead-for-high-
deductible-health-plans/.

32. Melnick GA, Fonkych K. Hospital Pricing And The Uninsured: Do The Uninsured Pay Higher Prices?
Health Aff (Millwood). 2008; 27: w116–w122. doi: 10.1377/hlthaff.27.2.w116

Assessing Charges and Payments in US Hospitals: 1996 - 2012

PLOS ONE | DOI:10.1371/journal.pone.0157912 July 8, 2016 15 / 15

https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealthExpendData/Downloads/quickref.pdf
https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealthExpendData/Downloads/quickref.pdf
http://www.commonwealthfund.org/~/media/files/publications/fund-report/2006/feb/rising-out-of-pocket-spending-for-medical-care-a-growing-strain-on-family-budgets/merlis_risingoopspending_887-pdf.pdf
http://www.commonwealthfund.org/~/media/files/publications/fund-report/2006/feb/rising-out-of-pocket-spending-for-medical-care-a-growing-strain-on-family-budgets/merlis_risingoopspending_887-pdf.pdf
http://www.commonwealthfund.org/~/media/files/publications/fund-report/2006/feb/rising-out-of-pocket-spending-for-medical-care-a-growing-strain-on-family-budgets/merlis_risingoopspending_887-pdf.pdf
http://dx.doi.org/10.1016/j.healthpol.2004.01.003
http://www.ncbi.nlm.nih.gov/pubmed/15276313
http://healthaffairs.org/blog/2015/10/07/trouble-ahead-for-high-deductible-health-plans/
http://healthaffairs.org/blog/2015/10/07/trouble-ahead-for-high-deductible-health-plans/
http://dx.doi.org/10.1377/hlthaff.27.2.w116

