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Background: Nonalcoholic fatty liver disease (NAFLD) is one of
the leading causes of chronic liver disease worldwide with tre-
mendous clinical burden. The economic burden of NAFLD is not
well studied.

Goal: To assess the economic burden of NAFLD.

Study: Medicare beneficiaries (January 1, 2010 to December 31,
2010) with NAFLD diagnosis by International Classification of
Diseases, Ninth Revision codes in the absence of other liver dis-
eases were selected. Inpatient and outpatient resource utilization
parameters were total charges and total provider payments.
NAFLD patients with compensated cirrhosis (CC) were compared
with decompensated cirrhosis (DC).

Results: A total of 976 inpatients and 4742 outpatients with
NAFLD were included—87% were white, 36% male, 30% had
cardiovascular disease (CVD) or metabolic syndrome conditions,
and 12% had cirrhosis. For inpatients, median total hospital
charge was $36,289. NAFLD patients with cirrhosis had higher
charges and payments than noncirrhotic NAFLD patients ($61,151
vs. $33,863 and $18,804 vs. $10,146, P<0.001). Compared with
CC, NAFLD patients with DC had higher charges and payments
(P<0.02). For outpatients, median total charge was $9,011.
NAFLD patients with cirrhosis had higher charges and payments
than noncirrhotic NAFLD patients ($12,049 vs. $8,830 and $2,586
vs. $1,734, P<0.001). Compared with CC, DC patients had higher
total charges ($15,187 vs. $10,379, P=0.04). In multivariate
analysis, variables associated with increased inpatient resource
utilization were inpatient mortality, DC, and CVD; for outpatients,
having CVD, obesity, and hypertension (all P<0.001).

Conclusions: NAFLD is associated with significant economic bur-
den to Medicare. Presence of cirrhosis and CVD are associated
with increased resource utilization.

Key Words: NAFLD, cirrhosis, resource utilization, cost

(J Clin Gastroenterol 2017;51:254–260)

Nonalcoholic fatty liver disease (NAFLD) is one of the
leading causes of chronic liver disease worldwide.1,2

NAFLD is defined as presence of hepatic steatosis, in the
absence of secondary causes such as excessive alcohol
intake, medications, some hereditary disorders, and infec-
tions. NAFLD is generally an asymptomatic disease, and
the most common cause of elevated serum amino-
transferase levels (ALT), which is, in most cases, the only
laboratory abnormality found in patients with NAFLD.3,4

The prevalence of NAFLD is estimated to be between 20%
and 40% in the general population, but exceeds 80% in
specific groups such as the morbidly obese patients.5 In
many cases, NAFLD presents in the context of metabolic
syndrome or its components such as obesity, diabetes
(DM), insulin resistance, and dyslipidemia which are also
the common risk factors for NAFLD development.6 Par-
allel to the increased incidence of obesity, NAFLD is pro-
jected to be a major cause of liver-related morbidity and
mortality in the next decades.7,8

Pathologically, NAFLD encompasses a range of liver
disorders, starting from simple hepatic steatosis, to non-
alcoholic steatohepatitis (NASH), which can lead to cir-
rhosis and hepatocellular carcinoma (HCC).9,10 In this
context, NAFLD contributes significantly to the burden of
cirrhosis in the United States.11,12 In fact, recent data sug-
gest that NASH has become the second leading cause for
liver transplantation in the United States.13 Beside the
clinical burden of NAFLD (cirrhosis and HCC), NAFLD
could potentially have enormous impact on resource uti-
lization contributing to the societal economic burden of this
disease and other obesity related diseases.14–17 In fact, in
our previous study of outpatient Medicare recipients with
NAFLD enrolled from 2005 to 2010, we showed that the
resource utilization related to NAFLD is on the rise.18

However, this study was limited to the outpatient setting
and did not provide detailed information about the
resource utilization in cirrhotics and noncirrhotics with
NAFLD. Therefore, the aim of this study is to investigate
and quantify the economic burden of NAFLD and related
cirrhosis among the Medicare beneficiaries who sought
inpatient and outpatient care in 2010.

MATERIALS AND METHODS

Data Source and Study Population
This is a retrospective cohort study pertaining to Med-

icare claims among inpatients and outpatients during 2010.
Medicare is a US government sponsored health insurance
program for US residents aged 65 years and older, for
younger patients with disabilities and those with end-stage
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renal disease or amyotrophic lateral sclerosis. A 5% random
sample of all Medicare claims were obtained from the
Denominator Files provided by the Centers for Medicare
and Medicaid Services. The 5% sample was created based on
selecting records with 05, 20, 45, 70, or 95 in positions 8 and
9 of the Health Insurance Claim number. For inclusion in
this cohort patients had a diagnosis code for NAFLD [the
International Classification of Diseases, Ninth Revision
(ICD-9) codes of 571.8 as NAFLD without mention of
alcohol or 571.9 as unspecified chronic liver disease]. Fur-
ther, patients had to have at least 12 months (or until death)
of continuous enrollment in Medicare Part A and B. Patients
were excluded if they had other chronic liver diseases without
NAFLD [070 viral hepatitis; 155.0 and 155.2 HCC; 155.2
cholangiocarcinoma; 275.0 disorders or iron metabolism;
570 acute and subacute necrosis of liver; 571.0 alcoholic liver
disease; 571.1 acute alcoholic hepatitis; 571.2 alcoholic cir-
rhosis of liver; 571.3 alcoholic liver damage, unspecified;
571.4 chronic hepatitis (including 571.42 autoimmune hep-
atitis); 571.6 biliary cirrhosis; 573.3 toxic hepatitis; 573.8
hepatoptosis], cancer codes 140 to 209, human immunode-
ficiency virus infection code 042, or renal disorders (582
chronic glomerulonephritis code; 585 chronic kidney disease;
586 renal failure; V42.0 kidney transplant; V45.1 renal
dialysis; V56 encounter for dialysis and dialysis catheter
care); or incurred a negative charge. For more details on
inpatient inclusion see Figure 1 and for outpatient
see Figure 2. ICD-9 code for health conditions were con-
sidered to be always present if they were coded at least once.

Outcomes
The resource utilization parameters included total

charges and total provider payments. The total provider
payments were calculated as the sum of Medicare reim-
bursement amount plus the primary insurance payment
plus the beneficiary-paid amounts (copay and deductibles).
For the time-varying variables, a unique variable was cre-
ated for each healthcare utilization episode during 2010.
For example, total health care charges vary by claim, so we
created a variable for each beneficiary representing annual
total health care charges for each claim: further, an average
annual charge was calculated by dividing annual total
charges by annual total health care visits.

Variables
The following variables were available: The following

7 diagnoses were also considered covariates and were
identified using any of the up to 10 listed ICD codes: (1)
hepatic cirrhosis was identified by ICD-9 code 571.5 as
hepatic cirrhosis without mention of alcohol; (2) decom-
pensated cirrhosis (DCC) codes 789.5 as ascites, 567.23 as
spontaneous bacterial peritonitis, 456.0 as esophageal
varices with bleeding, 456.2 as esophageal varices in disease
classified elsewhere, code underlying cause are cirrhosis of
liver and portal hypertension, and 572.2 as hepatic ence-
phalopathy; (3) cardiovascular disease (CVD) codes 410,
412 as myocardial infarction, 398.91, 402.01, 402.11,
402.91, 404.01, 404.03, 404.11, 404.13, 404.91, 404.93,
425.4-425.9, 428 as congestive heart failure, 093.0, 437.3,
440, 441, 443.1-443.9, 447.1, 557.1, 557.9, 43.4 as peripheral
vascular disease, 362.34, 430-438 as cerebrovascular dis-
ease; (4) diabetes code 250; (5) hypertension codes 401-405;
(6) Hyperlipidemia codes 272.0-272.2, and 272.4; and (7)
obesity codes 278.00, 278.01, V85.3, V85.4.

Statistical Analysis
Study characteristics are presented with interquartile

ranges (IQRs) for continuous variables or proportions for
categorical variables. Descriptive characteristics were
compared between NAFLD with compensated cirrhosis
(CC) and DCC by t test for numerical variables and w2 tests
for categorical variables. Log-linked g-generalized regres-
sion was used to generate b coefficients with P-values for
each highly skewed outcome variables. To separately
describe the amount of increases and decreases in annual
total charges/payments associated with a unit change in the
explanatory variable for inpatient care cohort and in out-
patient care cohort, exponentiated coefficients were
reported as percentages. In the inpatient cohort, we ana-
lyzed the causes of hospitalizations among patients with
NAFLD, according to the presence or absence of cirrhosis.
In order to minimize a misclassification bias, we further
narrowed the inpatient population to patients with
NAFLD, where NAFLD was primary, secondary or ter-
tiary diagnosis, and analyzed the leading causes of hospi-
talization again. Finally, using the primary ICD-9 diagnosis
code, we selected the following conditions: NAFLD, non-
alcoholic hepatic cirrhosis, hepatic encephalopathy, portal
hypertension, esophageal varices with/without bleeding,
ascites, and spontaneous bacterial peritonitis as NAFLD-
related inpatient/outpatient utilization. Data analyses were
conducted for a beneficiary level not a claim level. SAS

622,393 Hospitalized Patients’ claims during 2010

618,448 No NAFLD (Excluded)

1,993 NAFLD claims (n = 967 Beneficiaries)  

(Excluded)
1,673 Chronic liver diseases, cancer, HIV, 
or chronic kidney disease         
256 Were not continuously enrolled in 
Medicare Part A and B during 2010 
3 Negative charge 
20 Admitted in 2009

FIGURE 1. Flow chart of study cohort selection, inpatient Med-
icare, 2010. HIV indicates human immunodeficiency virus;
NAFLD, nonalcoholic fatty liver disease.

7,537,169 Outpatient Patients’ claims during 2010

7,452,412 No NAFLD (Excluded)

42,417 NAFLD claims (n = 4,742 Beneficiaries)

• (Excluded)
• 39,442 Chronic liver diseases, cancer, HIV,

or chronic kidney disease         
• 2,777 Did not continuously enrolled in Part 

A and B during 2010 
• 121 Negative charge 

FIGURE 2. Flow chart of study cohort selection, outpatient
Medicare, 2010. HIV indicates human immunodeficiency virus;
NAFLD, nonalcoholic fatty liver disease.
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v.9.3 (SAS Institute Inc., Cary, NC) software was used for
the statistical analysis. This study was approved by the
Inova Institutional Review Board.

RESULTS
After applying strict inclusion and exclusion criteria,

between January 1, 2010 and December 31, 2010, we were
able to include 976 NAFLD patients who received care in
the inpatient setting while 4742 NAFLD patients sought
care in the outpatient setting (Figs. 1 and 2). Overall,
approximately 87% were white, 36% were male, and nearly
30% had CVD or metabolic syndrome conditions (DM,
hypertension, hyperlipidemia) (Table 1). Of the entire
NAFLD cohort, about 12% had compensated or DCC.

Total Hospital Charges and Payments for the
Inpatients With NAFLD

Among NAFLD inpatients, the median annual total
hospital charges were $36,289 (IQR: $18,359-$71,225]
(Table 1). As expected, total charges for the NAFLD
patients without cirrhosis were significantly lower than
those for NAFLD patients with cirrhosis ($33,863 vs.
$61,151; P<0.001). Furthermore, charges for the NAFLD
patients with DCC were significantly higher than patients
with CC ($66,554 vs. $34,860; P=0.019) (Table 2). In
multivariate adjusted analyses, inpatient mortality (258%,
P<0.001), presence of CC (90%, P<0.001), and presence
of CVD (51%, P<0.001) were associated with increased
inpatient total charges (Table 3).

Among inpatients with NAFLD, the median annual
total payment was $11,043 (IQR: $6,103-$21,345). Again,
for NAFLD patients without cirrhosis, total payment was

TABLE 1. Characteristics of Study by Cirrhosis Status, Inpatient and Outpatient Medicare, 2010

Total (Overall

NAFLD)

NAFLD Without

Cirrhosis

NAFLD With

Cirrhosis P

Inpatient—annual hospital utilization per
beneficiary

N=967 N=850 N=117

Total number of visits 1 (1-2) 1 (1-2) 2 (1-4) <0.0001
Total charge ($) 36,289 (18,359-71,225) 33,863 (17,619-65,238) 61,151 (29,706-124,133) <0.0001
Average charge ($) 23,836 (13,720-37,866) 23,449 (13,453-37,373) 25,656 (15,254-45,137) 0.0564
Total payment ($) 11,043 (6103-21,345) 10,146 (5712-19,139) 18,804 (11,576-35,430) <0.0001
Average payment ($) 6854 (4954-10,570) 6670 (4863-10,309) 8864 (6257-11,116) <0.0001

Age (y) 0.0547
<65 382 (39.5) 347 (40.6) 35 (29.7)

Male 349 (36.1) 317 (37.1) 34 (28.8) 0.0783
Race 0.2531
White 836 (86.2) 732 (85.8) 104 (88.9)
Nonwhite 134 (13.9) 118 (14.2) 13 (11.1)

Died (by December 2010) 40 (4.1) 17 (2.0) 23 (19.5) <0.0001
Died in hospital 11 (1.1) 3 (0.4) 8 (6.8) <0.0001
Comorbidity
CVD 354 (36.4) 299 (35.0) 55 (46.6) 0.0141
Diabetes mellitus 414 (42.6) 341 (39.9) 73 (61.9) <0.0001
Hypertension 653 (67.2) 579 (67.8) 74 (62.7) 0.2700
Hyperlipidemia 383 (39.4) 350 (41.0) 33 (28.0) 0.0067
Obesity 261 (26.9) 236 (27.6) 25 (21.2) 0.1385

Outpatient—annual outpatient utilization per

beneficiary

N=4742 N=4432 N=310

Total number of visits 6 (3-11) 6 (3-11) 9 (5-16) <0.0001
Total charge ($) 9011 (4030-18577) 8830 (3924-18220) 12049 (6479-23238) <0.0001
Average charge ($) 1376 (677-2653) 1377 (673-2670) 1353 (776-2407) 0.7259
Total payment ($) 1777 (785-4043) 1734 (761-3946) 2586 (1278.16-5301) <0.0001
Average payment ($) 267 (145-486) 266 (144-487) 274 (179-478) 0.1818
Age (y) 0.8804

<65 1638 (34.9) 1537 (34.7) 101 (32.6)
Male 1750 (36.9) 1640 (37.0) 110 (35.5) 0.5919
Race 0.4014
White 4136 (87.4) 3871 (87.6) 265 (85.5)
Nonwhite 595 (12.6) 561 (12.4) 36 (14.5)

Died (by December 2010) 71 (1.5) 50 (1.1) 21 (6.8) <0.0001
Comorbidity
CVD 1389 (29.3) 1285 (29.0) 104 (33.5) 0.0885
Diabetes mellitus 1660 (35.0) 1491 (33.6) 169 (54.5) <0.0001
Hypertension 2686 (56.6) 2501 (56.4) 185 (59.7) 0.2647
Hyperlipidemia 2092 (44.1) 1977 (44.6) 115 (37.1) 0.0100
Obesity 566 (11.9) 526 (11.9) 40 (12.9) 0.5869

Data were represented as median (interquartile range) for numerical variables and N (%) for categorical variables.
CVD indicates cardiovascular disease; NAFLD, nonalcoholic fatty liver disease.
P-values reported by t tests for numerical variables and w2 tests for categorical variables.
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significantly lower compared with patients with advanced
disease ($10,146 vs. $18,804, P<0.001) (Table 1). Fur-
thermore, NAFLD patients with DC had approximately
$8000 higher annual total hospital payment than NAFLD
with CC ($19,767 vs. $11,699, P=0.018) (Table 2). In
multivariate analyses, inpatient mortality (148%,
P<0.001), presence of DC (89%, P<0.001), and presence
of CVD (53%, P<0.001) were again associated with
increased total inpatient payment (Table 3).

Total Hospital Charges and Payments for the
Outpatients With NAFLD

The median annual total outpatient care charge was
$9,011 ($4,030-$18,577) for patients with NAFLD for a
total of 6 outpatient visits (range: 3 to 11) (Table 1).
Compared with NAFLD patients with cirrhosis, NAFLD
patients without cirrhosis had significantly lower outpatient

charges ($8,830 vs. $12,049, P<0.001). Similar to the
inpatient setting, total charges increased in the outpatient
setting in parallel to the severity of the liver disease.
Patients with DCC had approximately a $5,000 higher
charges than patients with CC ($15,187 vs. $10,379,
P=0.043) (Table 2). In multivariate adjusted analyses,
presence of CVD (66%), hypertension (61%), and obesity
(53%, all P<0.001) were associated with increased out-
patient charges (Table 3).

Among NAFLD patients, the median total annual
outpatient care payment was $1,777 ($785-$4,043)
(Table 1). Again, NAFLD patients without cirrhosis had
significantly lower payments than NAFLD patients with
cirrhosis ($1,734 vs. $2,586, P<0.001). Although NAFLD
patients with DCC had higher payments than patients with
CC, it was not statistically significant ($2,701 vs. $2,389,
P=0.34) (Table 2). Similar to outpatient charges, presence

TABLE 2. Characteristics of Study by Cirrhosis Type, Inpatient and Outpatient Medicare, 2010

NAFLD With Compensated

Cirrhosis

NAFLD With Decompensated Cirrhosis

(N=95) P

Inpatient—annual hospital utilization per
beneficiary,

N=22 N=95

Total number of visits 2 (1-3) 2 (2-4) 0.0752
Total charge ($) 34,860 (15,145-80,873) 66,554 (37,216-12,7892) 0.0199
Average charge ($) 17,011 (11,342-34,448) 28,274 (17,008-46,832) 0.0509
Total payment ($) 11,699 (7167-25,928) 19,767 (12,713-37,787) 0.0189
Average payment ($) 7226 (5788-10,355) 9233 (6446.05-11,442) 0.0861

Age (y)
<65 9 (40.9) 26 (27.4) 0.2113

Male 5 (22.7) 29 (30.5) 0.4678
Race
White 22 (100.0) 81 (86.2) 0.0642
Nonwhite 0 (0.0) 13 (13.8) 0.0642

Died (by December 2010) 2 (9.1) 21 (21.9) 0.1722
Died in hospital 0 (0.0) 8 (8.3) 0.1608
Comorbidity
CVD 8 (36.4) 47 (49.0) 0.2855
Diabetes mellitus 11 (50.0) 62 (64.6) 0.2040
Hypertension 13 (59.1) 61 (63.5) 0.6970
Hyperlipidemia 6 (27.3) 27 (28.1) 0.9360
Obesity 4 (18.2) 21 (21.9) 0.7022

Outpatient—annual outpatient utilization per

beneficiary

N=181 N=129

Total number of visits 9 (5-15) 9 (5-16) 0.6119
Total charge ($) 10,379 (5394-21,362) 15,187 (7457-24,283) 0.0431
Average charge ($) 1258 (729-2321) 1474 (997.81-2579.85) 0.0366
Total payment ($) 2389 (1067-5117) 2701 (1401-5454) 0.3403
Average payment ($) 261 (165-481) 300 (197-458) 0.2186
Age (y)

<65 60 (33.1) 43 (33.3) 0.9729
Male 62 (34.3) 48 (37.2) 0.5919
Race
White 153 (84.5) 112 (86.8) 0.5724
Nonwhite 28 (15.5) 17 (13.2) 0.5724

Died (by December 2010) 3 (1.7) 18 (14.0) <0.0001
Comorbidity
CVD 59 (32.6) 45 (34.9) 0.6742
Diabetes mellitus 107 (59.1) 62 (48.1) 0.0540
Hypertension 118 (65.2) 67 (51.9) 0.0190
Hyperlipidemia 76 (42.0) 39 (30.2) 0.0347
Obesity 22 (12.2) 18 (14.0) 0.6414

Data were represented as median (interquartile range) for numerical variables and N (%) for categorical variables.
CVD indicates cardiovascular disease; NAFLD, nonalcoholic fatty liver disease.
P-values reported by t tests for numerical variables and chi-square tests for categorical variables.
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of CVD (62%), hypertension (61%), and obesity (52%, all
P<0.001) were associated with increased outpatient pay-
ments in NAFLD patients with Medicare (Table 3).

NAFLD-related Total Hospital Charges and
Payments

In order to assess the NAFLD-related resource uti-
lization more clearly, we selected inpatients and outpatients
where NAFLD and related diseases (cryptogenic cirrhosis,
etc.) were the primary diagnosis. In addition, in order to
exclude the impact on an expensive confounder, we excluded
patients with CVD (Table 4). As expected, the number of
patients in each group was smaller than the original analysis.
Compared with the total cohort, total cumulative charges
($74,276 vs. $36,289) and payments ($20,450 vs. $11,043)
almost doubled in this NAFLD-related analysis in the inpa-
tient setting. In contrast, total cumulative charges ($6390 vs.
$9011) and payments ($1400 vs. $1777) were found to be

slightly lower in the NAFLD-related analysis as compared
with total cohort in the outpatient setting.

Causes of Hospitalizations Among the Inpatients
With NAFLD

We also analyzed the leading causes of hospitalizations
among total inpatient cohort. In patients with the diagnosis
of cirrhosis, hepatic encephalopathy (16%) was the most
common diagnosis, followed by the diagnosis of
“cryptogenic cirrhosis” and the diagnostic code for
“NAFLD.” In the cohort without diagnosis of cirrhosis,
the most common diagnoses leading to hospitalization were
acute pancreatitis, morbid obesity, and pneumonia.

In order to assess NAFLD-related hospitalizations
more clearly, we reanalyzed the data for inpatients where
NAFLD was the primary, secondary or tertiary diagnoses.
This reanalysis showed that in those who were admitted
with diagnosis of cirrhosis, NAFLD (16%) and hepatic
encephalopathy (14%) were the most common diagnoses,

TABLE 3. Multivariate Adjusted Associations of Hospital Utilization With Covariates Among Medicare Beneficiaries With NAFLD,
Inpatient and Outpatient Medicare, 2010

Percentage Change (P)

Inpatient Care Outpatient Care

Covariates Total Charge Total Payment Total Charge Total Payment

Age (y)
<65 Reference Reference Reference Reference
65 + �21.229 (0.001) �27.363 (<0.001) �25.625 (<0.001) �33.860 (<0.001)

Male 17.015 (0.016) 24.862 (<0.001) �8.118 (0.004) NS
Race
White Reference Reference Reference Reference
Nonwhite 29.214 (0.006) NS �15.994 (<0.001) �18.524 (<0.001)

Died (by December 2010) NS NS NS 30.412 (0.023)
Died in hospital 258.426 (<0.001) 148.178 (<0.001) — —
Comorbidity
CVD 50.659 (<0.001) 52.637 (<0.001) 65.645 (<0.001) 61.972 (<0.001)
Diabetes mellitus NS NS 12.229 (<0.001) 14.486 (<0.001)
Hypertension NS NS 61.424 (<0.001) 61.476 (<0.001)
Hyperlipidemia 29.106 (<0.001) 13.024 (0.028) NS 10.911 (<0.001)
Obesity 18.664 (0.017) NS 53.317 (<0.001) 52.436 (<0.001)
Hepatic cirrhosis NS NS NS 24.306 (<0.001)
Decompensated cirrhosis 90.927 (<0.001) 88.893 (<0.001) 34.918 (<0.001) NS

NS indicates not significant (P<0.05).
CVD indicates cardiovascular disease; NAFLD, nonalcoholic fatty liver disease.

TABLE 4. Charges and Payments of Inpatients and Outpatients With NAFLD, Where NAFLD and Related Diseases (Cryptogenic
Cirrhosis, etc.) are the Primary Diagnosis in the Absence of CVD

Inpatient Outpatient

Primary D�NAFLD—Without

CVD (N=30) (3.1%)

Total Cohort

(N=967)

Primary D�NAFLD—Without

CVD (N=1013) (21%)

Total Cohort

(N=4742)

Total number of
visits

3 (2-4) 1 (1-2) 6 (4-11) 6 (3-11)

Total cumulative
charge ($)

74,276 (38,903-131,650) 36,289 (18,359-71,225) 6390 (2902-13,434) 9011 (4030-18,577)

Average charge per
episode ($)

27,833 (18,352-34,191) 23,836 (13,720-37,866) 957 (530-1965) 1376 (677-2653)

Total cumulative
payment ($)

20,450 (14,949-34,620) 11,043 (6103-21,345) 1400 (611-3183) 1777 (785-4043)

Average payment
per episode ($)

9466 (6846-10,378) 6854 (4954-10,570) 203 (116-350) 267 (145-486)

CVD indicates cardiovascular disease; NAFLD, nonalcoholic fatty liver disease.
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followed by chronic bronchitis. In contrast, in patients who
were hospitalized without cirrhosis, acute pancreatitis
remained the leading cause of hospitalization, followed by
morbid obesity and acute bronchitis.

DISCUSSION
NAFLD is a growing health problem around the

world, affecting patients and the society not only with its
clinical consequences, but also with its economic burden.
Although NAFLD impacts all age groups, the prevalence
of NAFLD increases with age,1–4 making it especially
pertinent to the Medicare services in the United States.

Our study showed that Medicare patients with
NAFLD posed substantial inpatient and outpatient health
care utilization. As liver disease progressed to cirrhosis and
its complications, the total charges and payments from
Medicare in both the inpatient and outpatient setting
increased. In fact, NAFLD with DCC was associated with
higher costs, with 90% and 70% increases for total charge
and payment in the inpatient setting, and 46% and 13%
increases in the outpatient setting, when compared with
noncirrhotic NAFLD patients. In addition to the actual
cost per patient, the total number of patients with NAFLD
in the United States can make these costs potentially
enormous. It is estimated that about 25% of US population
has NAFLD. Further, approximately 10% to 12% of these
patients will transition to a more severe disease state,
NASH, which can then progress to cirrhosis.

The findings of this study were in agreement with
previous studies that reported the increased resource uti-
lization among NAFLD patients.18–20 In a recent study
among outpatients with NAFLD who were Medicare
beneficiaries, it was found that the annual average charge
and payment significantly increased between 2005 and
2010. The outpatient charge increased nearly a thousand
dollars, with an annual increase rate of 5%.18 This is an
important finding indicating not only an increasing preva-
lence of NAFLD but also an increase in the cost of each
patient with NAFLD over the study time period. In
another study, Baumeister et al19 investigated the cost of
presumed fatty liver in the inpatient and outpatient setting.
They reported their findings according to liver hyper-
echogenicity on the ultrasound and ALT levels. The
authors concluded that compared with those with normal
liver echogenity and normal levels of ALT, presence of liver
hyperechogenity with elevated ALT levels increased overall
costs 32%, with a 15% increase in outpatient costs and a
38% in inpatient costs. In our study, in order to assess
resource utilization caused by NAFLD more clearly, we
reanalyzed the total cohort and selected inpatient and
outpatient groups where NAFLD and other related
diagnostic codes (NAFLD-related cirrhosis, hepatic ence-
phalopathy, portal hypertension, etc.) were the primary
diagnosis. From one of the subanalysis, we excluded an
important confounder associated with NAFLD which
could be driving the cost (CVD). These reanalyses showed
that total charges and payments almost doubled for inpa-
tients when NAFLD-related conditions were the primary
diagnosis in comparison to the total cohort. On the con-
trary, in the outpatient setting, total charges and payments
were slightly lower than the total NAFLD cohort. These
data suggest that when NAFLD is the primary diagnosis in
the inpatient setting, these patients have more severe disease
accounting for the higher costs.

It is also important to remember that most patients with
NAFLD are asymptomatic and undiagnosed. In this context,
a large number of these patients may silently progress and
then present with cirrhosis for liver transplantation or present
with the diagnosis of advanced HCC.12,21,22 Presence of cir-
rhosis is important because the median survival of CC is
about 6.5 years, which falls to 2.5 years for those in the
decompensated stage.23,24 In our study, 22% of inpatient and
14% of outpatient NAFLD patients with DCC died during
the study period of only 12 months, whereas these rates were
9% and 1.7% in patients with CC, respectively. This data
reiterates the poor prognosis of NAFLD-related DCC. In
addition to the high mortality, cirrhotic patients are known to
have significant morbidities such as variceal bleeding, ascites
and hepatic encephalopathy which could lead to not only
increased resource utilization but also significant negative
impact on patients’ health-related quality of life.25

Our study also confirmed the strong association
between NAFLD and the risk of CVD. Previous studies
reported that the prevalence of coronary, cerebrovascular
and peripheral vascular disease were remarkably higher
among patients with NAFLD.26–28 In our study, CVD was
an important driver of resource utilization. In fact, in
Medicare patients with NAFLD, presence of CVD was an
independent predictor of charges and payments in both
inpatient and outpatient settings, with >50% increase in
inpatients charges and payments, and >60% in the out-
patient setting. In addition to CVD, our study also con-
firmed the close association of NAFLD with metabolic
syndrome components and obesity. In fact, among
NAFLD patients with CC, >65% had hypertension and
nearly 60% had diabetes. Similar to CVD, in multivariate
analysis, presence of these comorbidities was found to
increase inpatient and outpatient charges and payments in
different rates. Obesity was another factor for increased
resource utilization increasing total outpatient charges and
payments by >50%. In fact, as a future projection, Fin-
kelstein et al29 reported that obesity prevalence will be 42%
in the year 2030 and if it remained at 2010 levels, nearly
$440 billion in medical expenditures would be saved in the
next 2 decades. These findings are in agreement with the
study by Ghamar Chehreh et al, 30 showing the average
treatment cost of NAFLD patients with obesity and
hypertension was higher than for treatment of NAFLD
patients without metabolic conditions.

There were some limitations to our study. First,
because of lack of accessibility of recent data, we utilized
inpatient and outpatient data for the year 2010 only. By
limiting the study period to a year, we were unable to make
estimations about the changing pattern of the economic
burden of NAFLD, as noted in other publications.18,31

Second, although charges and payments for procedures,
imaging and other costs were included in the total amounts,
we were unable to itemize individual amounts of these
procedures among cirrhotic and noncirrhotic NAFLD
patients. Also, as this was a retrospective study on Medi-
care database, we could not determine if patients utilized
any type of healthcare plan other than Medicare, which
may have changed our findings. Finally, we used ICD-9
coding and a very strict criteria to select our study cohort.
Although this approach assured us that we have only
patients with NAFLD, it certainly may have under-
estimated the number of NAFLD patients with Medicare.

In summary, NAFLD is associated with a significant
economic burden to Medicare. Presence of DC due to
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NAFLD is associated with more resource utilization com-
pared with CC and noncirrhotic NAFLD patients. It can be
suggested that as long as the prevalence of obesity and
NAFLD continue to grow, this economic burden of
NAFLD on Medicare expenditures will continue to rise.
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