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Abstract
BACKGROUND
Non-alcoholic fatty liver disease (NAFLD) is the leading cause of liver disease globally with an estimated prevalence of 25%, with the clinical and economic burden expected to continue to increase. In the United States, non-variceal upper gastrointestinal bleeding (NVUGIB) has an estimated incidence of 61-78 cases per 100000 people with a mortality rate of 2%-15% based on co-morbidity burden.

AIM
To identify the outcomes of NVUGIB in NAFLD hospitalizations in the United States.

METHODS
We utilized the National Inpatient Sample from 2016-2019 to identify all NVUGIB hospitalizations in the United States. This population was divided based on the presence and absence of NAFLD. Hospitalization characteristics, outcomes and complications were compared.

RESULTS
The total number of hospitalizations for NVUGIB was 799785, of which 6% were found to have NAFLD. NAFLD and GIB was, on average, more common in younger patients, females, and Hispanics than GIB without NAFLD. Interestingly, GIB was less common amongst blacks with NAFLD. Multivariate logistic regression analysis was conducted, controlling for the multiple covariates. The primary outcome of interest, mortality, was found to be significantly higher in patients with NAFLD and GIB [adjusted odds ratio (aOR) = 1.018 (1.013-1.022)]. Secondary outcomes of interest, shock [aOR = 1.015 (1.008-1.022)], acute respiratory failure [aOR = 1.01 (1.005-1.015)] and acute liver failure [aOR = 1.016 (1.013-1.019)] were all more likely to occur in this cohort. Patients with NAFLD were also more likely to incur higher total hospital charges (THC) [$2148 ($1677-$2618)]; however, were less likely to have a longer length of stay [0.27 d (0.17-0.38)]. Interestingly, in our study, the patients with NAFLD were less likely to suffer from acute myocardial infarction [aOR = 0.992 (0.989-0.995)]. Patients with NAFLD were not more likely to suffer acute kidney injury, sepsis, blood transfusion, intubation, or dialysis.

CONCLUSION
NVUGIB in NAFLD hospitalizations had higher inpatient mortality, THC, and complications such as shock, acute respiratory failure, and acute liver failure compared to those without NAFLD.

Key Words: Non-alcoholic fatty liver disease; Non-variceal gastrointestinal bleeding; Outcomes; Mortality; Complications

[bookmark: _Hlk124341160]©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Citation: Soni A, Yekula A, Singh Y, Sood N, Dahiya DS, Bansal K, Abraham G. Influence of non-alcoholic fatty liver disease on non-variceal upper gastrointestinal bleeding: A nationwide analysis. World J Hepatol 2023; 15(1): 79-88 
URL: https://www.wjgnet.com/1948-5182/full/v15/i1/79.htm 
DOI: https://dx.doi.org/10.4254/wjh.v15.i1.79

Core Tip: Non-alcoholic fatty liver disease (NAFLD) is a growing problem. The national inpatient database was used to identify patients with non-variceal upper gastrointestinal bleeding who were categorized based on NAFLD status. Statistically significant differences were observed between the two cohorts with respect to mortality, utilization of healthcare resources and complications. We believe this will be beneficial for physicians in terms of predicting morbidity and prognosis in these patients.

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a common cause of chronic liver disease worldwide[1]. It has a disease spectrum ranging from hepatic steatosis to non-alcoholic steatohepatitis, which may ultimately lead to liver cirrhosis[2]. Major risk factors for NAFLD include obesity, metabolic syndrome, diabetes mellitus, hypertriglyceridemia, hypertension, and increasing age. The primary pathophysiological mechanism implicated in the development of NAFLD involves de-novo synthesis and uptake of triglyceride by hepatocytes leading to the development of ‘fatty liver’[3]. Per current literature, NAFLD is associated with significant morbidity and all-cause mortality, with mortality rates ranging from 5% to 40%[4-6]. Furthermore, with increasing rates of NAFLD in the global population, associated complications such as gastrointestinal bleeding (GIB) are also on the rise.
[bookmark: _Hlk90550604]Upper GIB can be divided into 2 main categories, namely variceal and non-variceal upper GIB (NVUGIB). Variceal GIB is usually seen in patients with portal hypertension in a setting of underlying liver cirrhosis[7,8]. However, the most common cause of NVUGIB is peptic ulcer disease. Other causes include but are not limited to gastritis, duodenitis, angiodysplasia, non-variceal esophageal hemorrhage secondary to mucosal tears, etc. All the causes included in the study are mentioned in the Supplementary material, malignancy as a cause of NVUGIB was not included in the study. In the United States, it is estimated that NVUGIB has an incidence rate of 61-78 cases per 100000 persons with a mortality rate ranging from 2%-15% depending on the co-morbidity burden. Although there is a significant paucity of data on the rates of NVUGIB in NAFLD populations, current literature has described a positive association between Helicobacter pylori (H. pylori) infection and NAFLD, which could in turn lead to higher rates of GIB. Hence, in this study, we investigate and compare hospitalization characteristics, clinical outcomes, and complications of NVUGIB in NAFLD and non-NAFLD hospitalizations in the United States.

MATERIALS AND METHODS
Study design and data source
The study population was derived from the National Inpatient Sample (NIS) which is a part of the Healthcare Cost and Utilization Project (HCUP) databases. It is one of the largest publicly available, multi-ethnic databases derived from a collection of billing data submitted by United States hospitals to state-wide data organizations. As the NIS collects data from almost all hospitals across the United States, it covers greater than 95% of the United States population. It approximates a 20% stratified sample of discharges from United States community hospitals and the dataset is further weighted to obtain national estimates. For our study period between 2016 and 2019, the NIS database was coded using the International Classification of Diseases, Tenth Clinical Modification/Procedure Coding System (ICD/PCS-10).

Study population
We identified all adult (≥ 18 years) hospitalizations with NVUGIB in the United States from 2016-2019. The study population was further divided into two distinct subgroups based on the presence or absence of NAFLD. Individuals ≤ 18 years of age, and those with a diagnosis of liver disease other than NAFLD were excluded from the analysis. Details on inclusion and exclusion criteria are included in the supplementary material.

Outcome measures
The primary outcome of interest was mortality. Secondary outcomes of interest included length of stay (LOS), hospital charges, and complications such as acute kidney injury, shock, sepsis, acute respiratory failure, acute myocardial infarction, acute liver failure, blood transfusion, need for early endoscopy, need for intubation, and need for dialysis.

Ethical considerations
The NIS does not contain patient or hospital-specific identifiers. Hence, an Institutional Review Board (IRB) approval was not required for this study as per the guidelines put forth by our IRB on the analysis of HCUP databases.

Statistical analysis
The statistical analysis was conducted using R software (version 4.2.1) to account for weights in the stratified survey design for the NIS database. The weights were considered during the statistical estimation process by incorporating variables for strata, clusters, and weights for discharges in the NIS database. Descriptive statistics were provided, including the mean (standard error) for continuous variables and count (percentage) for categorical variables. Mann-Whitney tests with Bonferroni corrections were used for testing differences in continuous variables, while chi-squared tests with Bonferroni corrections were used for testing the homogeneity of categorical variables. Furthermore, a multivariate regression analysis was performed to compare outcomes such as in-patient mortality, healthcare burden (mean LOS and mean total hospital charges), and complications. All analyses with P-values ≤ 0.05 were considered statistically significant.

RESULTS
Hospitalization characteristics
We identified a total of 799785 patients admitted with a primary diagnosis of NVUGIB between the years 2016 and 2019 that met our inclusion criteria. Of these 752980 (94.15%) belonged to the cohort without NAFLD and 46805 (5.85%) belonged to the cohort with NAFLD.
Compared to the group without NAFLD, the patients with NAFLD were significantly younger (69.3 vs 64.6, P < 0.001). In both groups, GIB was more common in females. Furthermore, there were statistically significant racial differences noted, with GIB and NAFLD being less common in blacks (8.5% vs 14.4%, P < 0.001) and more common in Hispanics (15% vs 8.2%, P < 0.001). The Elixhauser comorbidities index was almost similar in both groups, with most patients having 2 or more comorbidities. Compared to the group without NAFLD, we noted that the NAFLD group had a higher proportion of patients with diabetes (44.1% vs 30%, P < 0.001) and obesity (18% vs 11%, P < 0.001). The patient and hospital characteristics are summarized in Table 1 and Figure 1.

Clinical outcomes
After adjusting for the variables shown in Table 1, the group with NAFLD had higher odds of inpatient mortality [4.2% vs 2.7%, adjusted odds ratio (aOR) = 1.018 (1.013-1.022), P < 0.01] compared to those without NAFLD.

Healthcare utilization
The difference between the total charge of hospitalizations was also statistically significant, being higher in the NAFLD group ($35092 vs $32275, P < 0.01). Patients with GIB and NAFLD were less likely to have a longer LOS (4.47 ± 4.92 vs 4.27 ± 4.53, P < 0.01). Routine discharges were the same in both groups; however, patients with NAFLD were more likely to go to a short-term rehab facility (63.3% vs 59.5%, P < 0.001).

Complications
Patients with NVUGIB and NAFLD were more likely to have worse outcomes in terms of complications including shock [13% vs 12%, aOR = 1.015 (1.008-1.023), P < 0.01], acute respiratory failure [5.2% vs 4.1%, aOR = 1.01 (1.005-1.015), P < 0.01), and acute liver failure [2% vs 0.3%, aOR = 1.016 (1.013-1.019), P < 0.01]. Peculiarly, patients with NAFLD were less likely to suffer from an acute myocardial infarction (MI). However, they were 1.04 times more likely to undergo an endoscopy. The clinical outcomes, healthcare utilization, and complications are summarized in Table 2.

DISCUSSION
Many studies have been conducted to evaluate variceal bleeding in liver disease and cirrhosis. There is a paucity of published data evaluating NVUGIB in patients with NAFLD without cirrhosis[9]. Given the increasing incidence of NAFLD, understanding the patient demographics, clinical outcomes and associations is of practical importance to gastroenterologists and hepatologists[10-13].
In our analysis, it was noted that patients with both GIB and NAFLD were younger, with a higher incidence in the Hispanic population, and were seen more in population groups with diabetes and obesity. Although the length of hospitalization was almost similar in both groups, patients with NAFLD and NVUGIB had higher inpatient costs with increased discharges to short-term rehab facilities. Patients were also noted to have higher mortality and were likely to have acute liver failure, respiratory failure, and shock but less chance of having an acute MI during the hospital course.
Our study found increased odds of patients with NAFLD presenting with GIB at a younger age. This is in contrast to available literature[14]. This is probably related to patients having an increased risk of developing NAFLD at a younger age with the increasing risk factors especially the increasing prevalence of metabolic syndrome in young adults, which is one of the major risk factors for NAFLD[15]. Patients with NAFLD are more prone to atherosclerotic cardiovascular disease (ASCVD) including coronary artery disease (CAD)[16-18]. With the increased CAD prevalence and percutaneous interventions for CAD, an increasing number of patients are on antiplatelet medications such as aspirin and clopidogrel which likely predispose them to GIB. Despite ASCVD still being the highest cause of mortality in NAFLD patients, in our study, we found that the odds of NAFLD patients with GIB developing an acute MI were actually less[19]. There are studies with conflicting data regarding acute cardiac events in patients admitted for other NAFLD-related complications[14,20].
Studies have also demonstrated a positive association between H. pylori infection and predisposition to NAFLD incidence[21,22]. This underlying relationship can also explain the increased risk of developing gastric ulcers and subsequent bleeding[23]. Studies have shown that aspirin can decrease the progression of fibrosis in NAFLD. Although it is not known if this has led to increased use of aspirin in this population but could also be a contributing factor.
Previous studies have shown that NAFLD has an increased prevalence in the Hispanic population[24-26]. This also resonates with our results, as NAFLD with GIB was higher in Hispanics. Non-variceal GIB from ulcer disease is seen more in the African-American population[27,28]. However, in our study we found that patients with NAFLD were less likely to have NVUGIB, indicating a possible protective effect. The mechanism for the same is unclear. This association needs to be further studied.
Patients with NAFLD and GIB were found to have a longer LOS and showed increased odds of having higher hospital charges and discharges to short-term rehab facilities, thus leading to increased utilization of healthcare resources and an increased economic burden. This trend has been seen in multiple studies and was associated with the established risk factors of NAFLD and metabolic syndrome, especially diabetes[29,30]. Another reason for the economic burden could be the higher incidence of complications among these patients[31,32].
Murine models have shown that hepatic steatosis and NAFLD lead to aberrant corticosterone release which could put patients at increased risk of developing and delayed recovery from shock[33]. It was shown that reduced lung function is an independent risk factor for the development of NAFLD which can theoretically increase the risk of developing acute respiratory failure[34]. It was also shown that NAFLD and metabolic syndrome can be associated with impaired lung function predominantly due to abdominal obesity[35]. Along with the increased risk of shock and respiratory failure, the NAFLD population is inherently at risk for the development of acute on chronic liver failure from chronic hepatocyte inflammation and increased mortality in the presence of multiple comorbidities[36].

Strengths and limitations
Using the NIS database gives nationwide generalizability, a large patient population, and multiple clinical parameters. It provides an excellent representative sample with results in a reliable and valid range[37]. Our study should be prudently interpreted as the NIS database has its own limitations. It does not include how NAFLD was diagnosed and the specific diagnostic modality that was used. This contributes to variations in the prevalence of NAFLD amongst various geographical regions and income groups.
Another drawback was that given it is a nationwide sample and with the use of ICD-10 CM coding, there may have been imprecision and erroneous coding causing an over or underestimation of the cases. ICD nomenclature does not include the spectrum of liver disease to further stratify based on severity in the NAFLD population. Although Elixhauser comorbidity indices were used to account for the various systemic comorbidities, the calculation of liver-specific indices such as model for end-stage liver disease score was not possible given the non-availability of laboratory data.

Areas for future research
With the increasing worldwide incidence of liver disease from NAFLD and with the rising frequency of hospitalizations[37,38], emphasis should be placed on aggressive risk factor modification and secondary prevention of the disease and its numerous complications. Further longitudinal studies are needed to study NVUGIB in the NAFLD population and develop tools to help guide clinicians in the early detection of patients at risk for NVUGIB. This will help reduce multiple hospitalizations, increasing financial burden with prolonged hospital stays and mortality.

CONCLUSION
Our analysis showed that patients with NVUGIB have higher mortality, increased complications, longer LOS and higher hospital charges demonstrating the increased morbidity and economic burden of NAFLD.

ARTICLE HIGHLIGHTS
Research background
With the increasing prevalence, morbidity and mortality of non-alcoholic fatty liver disease (NAFLD), and worse outcomes with concomitant conditions, we wanted to determine the effect of NAFLD on a commonly seen in-patient presentation, non-variceal upper gastrointestinal bleeding (NVUGIB).

Research motivation
There are studies showing the effect of alcoholic liver disease on both variceal and NVUGIB, along with studies showing an increased risk of variceal bleeding and screening in patients with NAFLD. However, there have been no studies showing the influence of NAFLD on NVUGIB. Our aim was to try to bridge this gap.

Research objectives
Our objective was to examine whether the presence of NAFLD led to worse outcomes in patients with NVUGIB.

Research methods
We used the National Inpatient Sample database to ensure generalizability of findings. We compared the two cohorts of NAFLD with and without NVUGIB on the basis of mortality which was the primary outcome and secondary outcomes such as the length of stay, hospital charges, and complications.

Research results
It was shown that patients with NVUGIB and NAFLD had higher odds of mortality, higher hospital charges and more complications such as shock, acute respiratory failure and acute liver failure.

Research conclusions
Co-existence of NAFLD and NVUGIB was associated with higher mortality, morbidity and economic burden.

Research perspectives
Because of increased morbidity and mortality due to NAFLD, aggressive risk management should be a focus. Also, further studies should be performed to stratify patients with NAFLD that are at higher risk of NVUGIB so that they can be identified by clinicians and the mortality, morbidity and economic burden can be reduced.
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[bookmark: _Hlk118457710][bookmark: _Hlk118644760]Figure 1 Gastrointestinal bleeds and patient characteristics. A: Gastrointestinal bleeds and patient characteristics; B: Outcomes. GI: Gastrointestinal; NAFLD: Non-alcoholic fatty liver disease.

Table 1 Comparison of demographics, comorbidities, and hospital stay information
	Variable
	GI bleeding without NAFLD (n = 752980)
	GI bleeding with NAFLD (n = 46805)
	P value

	Age (yr)
	
	
	< 0.001

	mean ± SD
	69.3 ± 0.1
	64.6 ± 0.2
	

	Sex
	
	
	< 0.001

	Male
	374615 (49.8%)
	21805 (46.6%)
	

	Female
	378210 (50.2%)
	24985 (53.4%)
	

	Race
	
	
	< 0.001

	White
	515935 (68.5%)
	31705 (67.7%)
	

	Black
	108520 (14.4%)
	3965 (8.5%)
	

	Hispanic
	61990 (8.2%)
	7030 (15%)
	

	Other
	46220 (6.1%)
	3000 (6.4%)
	

	Insurance
	
	
	< 0.001

	Medicare
	521895 (69.3%)
	28550 (61%)
	

	Medicaid
	67665 (9%)
	5460 (11.7%)
	

	Private
	122560 (16.3%)
	9670 (20.7%)
	

	Self-pay
	23575 (3.1%)
	1805 (3.9%)
	

	Other
	16250 (2.2%)
	1240 (2.6%)
	

	Hospital location
	
	
	< 0.001

	Rural
	82535 (11%)
	3745 (8%)
	

	Urban nonteaching
	189130 (25.1%)
	11245 (24%)
	

	Urban teaching
	481315 (63.9%)
	31815 (68%)
	

	Hospital bedsize
	
	
	< 0.001

	Small
	162810 (21.6%)
	8810 (18.8%)
	

	Medium
	236145 (31.4%)
	14245 (30.4%)
	

	Large
	354025 (47%)
	23750 (50.7%)
	

	Hospital region
	
	
	

	Northeast
	152290 (20.2%)
	7440 (15.9%)
	

	Midwest
	163005 (21.6%)
	9370 (20%)
	

	South
	301330 (40%)
	19790 (42.3%)
	

	West
	136355 (18.1%)
	10205 (21.8%)
	

	Chronic pulmonary disease
	
	
	< 0.001

	0
	608815 (80.9%)
	39505 (84.4%)
	

	1
	144165 (19.1%)
	7300 (15.6%)
	

	Hypertension
	
	
	< 0.001

	0
	241235 (32%)
	18195 (38.9%)
	

	1
	511745 (68%)
	28610 (61.1%)
	

	Diabetes
	
	
	< 0.001

	0
	527140 (70%)
	26170 (55.9%)
	

	1
	225840 (30%)
	20635 (44.1%)
	

	Obesity
	
	
	< 0.001

	0
	670225 (89%)
	38385 (82%)
	

	1
	82755 (11%)
	8420 (18%)
	

	Peripheral vascular disease
	
	
	< 0.001

	0
	700625 (93%)
	44630 (95.4%)
	

	1
	52355 (7%)
	2175 (4.6%)
	

	Smoker
	
	
	0.598

	0
	658350 (87.4%)
	40765 (87.1%)
	

	1
	94630 (12.6%)
	6040 (12.9%)
	

	Valvular disease
	
	
	< 0.001

	0
	736900 (97.9%)
	46255 (98.8%)
	

	1
	16080 (2.1%)
	550 (1.2%)
	

	Colorectal cancer
	
	
	0.287

	0
	747345 (99.3%)
	46380 (99.1%)
	

	1
	5635 (0.7%)
	425 (0.9%)
	

	Number of Elixhauser comorbidities
	
	
	< 0.001

	0
	89900 (11.9%)
	5195 (11.1%)
	

	1
	191920 (25.5%)
	12280 (26.2%)
	

	2
	233635 (31%)
	14935 (31.9%)
	

	3 +
	237525 (31.5%)
	14395 (30.8%)
	

	Disposition
	
	
	< 0.001

	Routine
	13685 (1.8%)
	825 (1.8%)
	

	Short-term hospital
	448085 (59.5%)
	29620 (63.3%)
	

	Skilled nursing facility
	21130 (2.8%)
	1775 (3.8%)
	

	Home health care
	148465 (19.7%)
	6550 (14%)
	

	Died in-hospital
	100955 (13.4%)
	6090 (13%)
	

	Other
	20205 (2.7%)
	1920 (4.1%)
	


[bookmark: _Hlk118458477][bookmark: _Hlk118458467]GI: Gastrointestinal; NAFLD: Non-alcoholic fatty liver disease.

Table 2 Regression analysis showing effect of non-alcoholic fatty liver disease on outcomes in patients with gastrointestinal bleeding
	[bookmark: _Hlk118705803]Outcomes
	GI bleeding with NAFLD (n = 45215)
	GI bleeding without NAFLD (n = 726490)
	Univariate P value
	OR or regression coefficient (95%CI)
	Multivariate P value

	Mortality
	1920 (4.2%)
	20205 (2.7%)
	< 0.01
	1.018 (1.013-1.022)
	< 0.01

	Length of stay
	4.47 ± 5.03
	4.26 ± 4.51
	< 0.01
	0.27 (0.17-0.38)
	< 0.01

	Total charges
	35092 ± 21749
	32275 ± 21011
	< 0.01
	2148 (1677-2618)
	< 0.01

	Acute kidney injury
	10150 (22.4%)
	159955 (21.2%)
	1
	1.012 (1.003-1.021)
	1

	Shock
	6015 (13.3%)
	87425 (11.6%)
	< 0.01
	1.015 (1.008-1.023)
	< 0.01

	Sepsis
	1000 (2.2%)
	12640 (1.7%)
	0.14
	1.005 (1.002-1.008)
	1

	Acute respiratory failure
	2330 (5.2%)
	30540 (4.1%)
	< 0.01
	1.01 (1.005-1.015)
	< 0.01

	Acute MI
	955 (2.1%)
	22635 (3%)
	< 0.01
	0.992 (0.989-0.995)
	< 0.01

	Acute liver failure
	915 (2%)
	2560 (0.3%)
	< 0.01
	1.016 (1.013-1.019)
	< 0.01

	Blood transfusion
	12505 (27.7%)
	210580 (28%)
	0.14
	1.003 (0.993-1.012)
	1

	Endoscopy
	12500 (27.6%)
	169385 (22.5%)
	< 0.01
	1.038 (1.028-1.048)
	< 0.01

	Intubation
	140 (0.3%)
	1255 (0.2%)
	0.28
	1.001 (1-1.003)
	1

	Dialysis
	750 (1.7%)
	11525 (1.5%)
	1
	1.001 (0.998-1.003)
	1


All P-values were corrected for multiple comparisons using Bonferroni correction. Length of stay and total charges were calculated with regression coefficients, while all other outcomes were calculated with odds ratios. GI: Gastrointestinal; NAFLD: Non-alcoholic fatty liver disease; OR: Odds ratio; CI: Confidence interval; MI: Myocardial infarction.
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