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Abstract

Background: Hypertriglyceridemia (HTG) is a well-established cause
of acute pancreatitis often leading to significant morbidity, mortality, and
healthcare burden. This study aimed to describe the rate, reasons, and
predictors of HTG-induced acute pancreatitis (HTG-AP) in the USA.

Methods: This retrospective study analyzed the Nationwide Re-
admissions Database (NRD) for 2018 to determine all adults (> 18
years) readmitted within 30 days of an index hospitalization of HTG-
AP. Hospitalization characteristics and adverse outcomes for 30-day
readmissions were highlighted and compared with index admissions
of HTG-AP. Furthermore, independent predictors for 30-day readmis-
sions of HTG-AP were also identified. P values < 0.05 were consid-
ered statistically significant.

Results: In 2018, the rate of 30-day readmission of HTG-AP was
noted to be 13.5%. At the time of readmission, AP (45.2%) was iden-
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tified as the most common principal diagnosis, followed by chronic
pancreatitis (6.3%) and unspecified sepsis (4.8%). Compared to index
admissions, 30-day readmissions of HTG-AP had a higher proportion
of patients with Charlson Comorbidity Index (CCI) scores >3 (48.5%
vs. 33.8%, P <0.001). Furthermore, we noted higher rates of inpatient
mortality (1.7% vs. 0.7%, odds ratio (OR): 2.55, 95% confidence in-
terval (CI): 1.83 - 3.57, P < 0.001), mean length of stay (LOS) (5.6
vs. 4.1 days, OR: 1.5, 95% CI: 1.2 - 1.7, P < 0.001), and mean total
healthcare charge (THC) ($56,799 vs. $36,078, OR: 18,702, 95%
CI: 15,136 - 22,267, P < 0.001) for 30-day readmissions of HTG-AP
compared to index admissions. Independent predictors for 30-day all-
cause readmissions of HTG-AP included hypertension, protein en-
ergy malnutrition (PEM), CCI scores > 3, chronic kidney disease and
discharge against medical advice.

Conclusions: AP was the principal diagnosis on presentation in only
45.2% patients for 30-day readmissions of HTG-AP. Compared to
index admissions, 30-day readmissions of HTG-AP had a higher co-
morbidity burden, inpatient mortality, mean LOS and mean THC.

Keywords: Readmissions; Hypertriglyceridemia; Acute pancreatitis;
Outcomes; Mortality

Introduction

Hypertriglyceridemia (HTG), characterized by elevated fast-
ing plasma triglycerides, is frequently encountered in rou-
tine clinical practice, and may lead to poor clinical outcomes
and complications if untreated [1]. Acute pancreatitis (AP) is
one of the most serious complications of severe HTG (> 10
mmol/L (> 885 mg/dL)) [1, 2]. AP is characterized by severe
inflammation of the pancreas and may lead to localized necro-
sis, multi-organ failure and systemic inflammatory response
syndrome [3]. From an etiology perspective, after alcoholic
and gallstone pancreatitis, HTG is believed to be the third
most common cause of AP with an incidence rate of about
2-4% across the globe [4, 5]. In the USA, AP is associated
with significant mortality which increases with disease sever-
ity, and places a substantial burden on healthcare system as it
accounts for approximately 275,000 hospitalizations annually
with a total attributable healthcare cost of $2.6 billion/year [6,
7]. Moreover, in 2016, readmissions secondary to AP were re-
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ported to be as high as 13.5% within 30-days of hospital dis-
charge, with higher rates of readmissions noted for patients
with idiopathic, alcohol-induced and HTG-induced AP (HTG-
AP) [8, 9]. However, there continues to be paucity of data on
30-day readmissions of HTG-AP with limited studies avail-
able. Hence, this study was designed to identify demographic
characteristics and rates of 30-day readmissions of HTG-AP
and compare them to index admissions. Furthermore, we also
identified the most common principal diagnoses at the time
of readmission and independent predictors of 30-day all-cause
readmissions of HTG-AP to identify individuals at the highest
risk of readmissions.

Materials and Methods

Design and data source

For this national retrospective study, data were derived from
the Nationwide Readmissions Database (NRD) for 2018. The
NRD is the largest publicly available, all-payer inpatient health
care readmission database drawn from the Agency for Health-
care Research and Quality (AHRQ) Healthcare Cost and Uti-
lization Project (HCUP) State Inpatient Databases (SID) [10].
The NRD 2018 contains patient- and hospital-level discharge
data from 28 geographically dispersed states in the USA. In
the NRD, up to 40 discharge diagnoses and 25 procedures are
collected for each patient using the International Classification
of Diseases, Tenth Revision, Clinical Modification/Procedure
Coding System (ICD-10-CM/PCS). Hospitals are stratified ac-
cording to ownership control, number of beds, teaching status,
urban/rural location, and geographic region. Furthermore, the
NRD allows for a weighted analysis to obtain data on 100% of
the US population.

Study population

This study included all adult (> 18 years) hospitalizations
within 30 days of an index hospitalization of HTG-AP. As
there were no specific ICD10-CM/PCS diagnosis codes for
HTG-AP, the study population was obtained after combining
clinical diagnosis codes of AP and HTG and excluding AP sec-
ondary to all other etiologies such as gall stones, alcohol, and
medications from the analysis as established in prior published
studies [11, 12]. Furthermore, individuals < 18 years of age
and elective hospitalizations were excluded from the analysis.
Using unique hospitalization identifiers, index hospitalizations
were identified and the subsequent hospitalization within 30
days was tagged as a readmission.

Outcome measures and statistical analysis

We analyzed the data using Stata® Version 16 software (Stata-
Corp, TX, USA). All analyses were conducted using the weight-
ed samples for national estimates in adjunct with HCUP regula-
tions for using the NRD database. Comorbidities were calculated
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as proportions of the cohort and the Chi-squared test was used to
compare the characteristics between index hospitalizations and
readmissions. Comorbidity burden was assessed using Sundara-
rajan’s adaptation of the modified Deyo’s Charlson comorbid-
ity index [13].The total healthcare charge (THC) was obtained
from the cost-to-charge ratio data provided by HCUP [14]. A
univariate regression was used to compare readmission mortal-
ity, length of stay (LOS), and THC. Furthermore, the univari-
ate Cox regression analysis was performed to identify variables
with hazard ratios < 0.20 for 30-day readmission of HTG-AP to
obtain confounders for readmission. Subsequently, a multivari-
ate Cox regression analysis was performed to identify independ-
ent predictors for readmissions within 30 days with P values <
0.05 set as threshold for statistical significance.

Ethical considerations

The NRD database lacks patient specific identifiers. Hence,
this study was exempt from Institutional Review Board (IRB)
approval as per our institutional IRB guidelines. Furthermore,
the study was conducted in compliance with the ethical stand-
ards of the responsible institution on human subjects as well as
with the Helsinki Declaration.

Data availability statement

The NRD is a large, publicly available all-payer inpatient care
database in the USA, containing data on more than 18 million
hospital stays. Its large sample size provides sufficient data for
analysis across hospital types and the study of readmissions for
relatively common and uncommon disorders.

Results

Rate and reasons for 30-day readmissions of HTG-AP

For the study period, 43,094 index hospitalizations of HTG-
AP were identified that met the inclusion criteria. The 30-day
readmission rate of HTG-AP was noted to be 13.5%. Figure
1 demonstrates the Kaplan-Meier curve for 30-day all-cause
readmissions of HTG-AP. At the time of 30-day readmission,
AP was identified as the most common (45.2%) principal di-
agnosis, followed by chronic pancreatitis (6.3%), unspecified
sepsis (4.8%), acute renal failure (1.6%), malignant neoplasm
of head of pancreas (1.1%) and type 2 diabetes mellitus with
ketoacidosis (1.0%) (Table 1).

Hospitalization characteristics for index and 30-day read-
missions of HTG-AP

We did not find a statistically significant difference in mean
age and gender distribution for 30-day readmissions of HTG-
AP (Table 2). However, 30-day readmissions of HTG-AP had
a higher proportion of patients with Charlson comorbidity in-
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Figure 1. Kaplan-Meier graph for 30-day all-cause readmissions of hypertriglyceridemia-induced acute pancreatitis (HTG-AP)

in the USAin 2018.

dex (CCI) scores > 3 (48.5% vs. 33.8%, P < 0.001) compared
to index admissions. Furthermore, for 30-day readmissions
of HTG-AP, we also noted higher proportion of patients with
congestive heart failure (CHF) (14.3% vs. 9.3%, P < 0.001),
chronic kidney disease (CKD) (20.8% vs. 15.5%, P < 0.001),
coronary artery disease (CAD) (22.3% vs. 27.0%, P < 0.001),
and protein energy malnutrition (PEM) (13.2% vs. 4.9%, P <
0.001), but a lower proportion of patients with hypertension
and obesity compared to index admissions (Table 2).

Table 1. Most Common Principal Diagnosis on Readmission
for 30-Day Readmissions of Hypertriglyceridemia-Induced
Acute Pancreatitis (HTG-AP) in the USA in 2018

Principal readmission diagnosis (n =5,773) Proportion (%)
Acute pancreatitis 45.2

Chronic pancreatitis 6.3

Sepsis (unspecified organism) 4.8

Acute renal failure 1.6

Malignant neoplasm of head of pancreas 1.1

Type 2 diabetes mellitus with ketoacidosis 1.0

Pneumonia (unspecified organism) 0.9

Hypertensive heart disease with heart failure 0.7

Non-ST elevation myocardial infarction 0.7
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Outcomes for index and 30-day readmissions of HTG-AP

For 2018, the odds of inpatient mortality for 30-day readmis-
sions of HTG-AP were higher (1.7% vs. 0.7%, odds ratio (OR):
2.55, 95% confidence interval (CI): 1.83 - 3.57, P < 0.001)
compared to index admissions. Furthermore, 30-day readmis-
sions of HTG-AP was also associated with longer LOS (5.6 vs.
4.1 days, OR: 1.5,95% CI: 1.2 - 1.7,P<0.001) and mean THC
($56,799 vs. $36,078, OR: 18,702, 95% CI: 15,136 - 22,267, P
<0.001) compared to index admission (Table 3).

Predictors for 30-day readmissions of HTG-AP

Independent predictors of 30-day all-cause readmissions of
HTG-AP included hypertension (adjusted hazard ratio (aHR):
1.12, 95% CI: 1.01 - 1.26, P = 0.040), PEM (aHR: 1.96, 95%
CIL: 1.68 - 2.28,P<0.001), CCI scores > 3 (aHR: 1.80, 95% CI:
1.53-2.11,P<0.001), CKD (aHR: 1.29, 95% CI: 1.11 - 1.14,
P=0.001) and discharge against medical advice (AMA) (aHR:
1.80, 95% CI: 1.44 - 2.24, P < 0.001) (Table 4).

Discussion

HTG-AP is currently the third most common cause of AP with
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Table 2. Comparison of Hospitalization Characteristics for Index and 30-Day Readmissions of Hypertriglyceridemia-Induced Acute

Pancreatitis (HTG-AP) in the USA in 2018

Index admission of HTG-AP 30-day readmission of HTG-AP P value
Total hospitalizations 43,094 5,773
Mean age (years) 57.2 57.3 0.914
Gender (%) 0.667
Females 453 449
Males 54.7 55.1
Charlson comorbidity index score (%) <0.001
1 25.6 18.4
2 40.6 33.1
>3 33.8 48.5
Insurance type (%) <0.001
Medicaid 44.9 51.2
Medicare 17.0 20.0
Private 332 24.4
Uninsured 4.9 4.4
Median annual income, $, (%) <0.001
1-43,999 30.5 33.9
44,000 - 55,999 29.5 28.9
56,000 - 73,999 24.3 22.7
> 74,000 15.7 14.5
Comorbidities
Diabetes mellitus 55.3 53.6 0.070
Hypertension 56.6 50.3 <0.001
Smoking history 25.0 25.5 0.560
Congestive heart failure 9.3 14.3 <0.001
Chronic kidney disease 15.5 20.8 <0.001
Obesity 26.5 21.6 <0.001
Coronary artery disease 223 27.0 <0.001
Prior cerebrovascular accident 1.2 1.9 <0.001
Malnutrition 4.9 13.2 <0.001
Chronic obstructive pulmonary disease 12.3 16.0 <0.001
Hospital characteristics <0.001
Hospital bed size (%)
Small 21.3 17.5
Medium 28.2 26.1
Large 50.5 56.4
Metropolitan location (%) 75.8 78.9
Teaching hospital (%) 63.8 70.4

severity ranging from self-limiting pancreatic edema to multi-
organ involvement and mortality [15]. Triglyceride levels >
1,000 mg/dL are usually associated with HTG-AP, but no clear
thresholds have been defined in current literature. The exact
pathogenic mechanism implicated in the development of HTG-

AP is currently unknown. However, it is postulated that it may
be secondary to increased conversion of excessive triglycerides
to free fatty acids by pancreatic lipase ultimately leading to pan-
creatic ischemia and acinar cell injury [5]. Furthermore, patients
with HTG-AP have a higher likelihood of progression to severe
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Table 3. Comparison of Clinical Outcomes for Index and 30-Day Readmissions of Hypertriglyceridemia-Induced Acute Pancreatitis

(HTG-AP) in the USA in 2018

Outcomes Index admission of HTG-AP  30-day readmission of HTG-AP  aOR (95% CI) P value
Inpatient mortality (%) 0.7 1.7 2.55(1.83 - 3.57) <0.001
Mean length of stay (days) 4.1 5.6 1.52(1.2-1.7) <0.001

Mean total hospital charge ($) 36,078

56,779

18,7022 (15,136 - 22,267) < 0.001

aMean difference. aOR: adjusted odds ratio; Cl: confidence interval.

disease and prolonged hospital course [16, 17].

In literature, readmission rates for AP have been reported
to be as high as 15-29% [18-20]. An NRD-based study in 2013
reported the 30-day readmission rate of AP to be as high as
16.2% [18, 19]. In our study, the 30-day all-cause readmission
rate for HTG-AP was 13.5%, which was in line with current
literature. Furthermore, only about half (45.2%) of the patients
with HTG-AP had a principal diagnosis of AP at presentation
on readmission. This finding mirrored prior studies which have
reported recurrent attacks of pancreatitis as the most common
cause for readmission after an index admission of AP [9]. This
reflects the need for aggressive triglyceride control in these
patients to decrease overall readmission rates and the burden
of the disease on the US healthcare system. From a mortality
perspective, 30-day readmissions of HTG-AP had higher odds
of inpatient mortality compared to index admissions (Table 3).
Therefore, it is vital to appropriately manage index admissions
through a multi-disciplinary team approach with antihyper-
lipidemic agents, insulin, and/or heparin, and promote patient
education and encourage regular outpatient follow-up in an at-
tempt to decrease readmissions and inpatient mortality [21].

The presence of associated comorbidities on index admis-
sion for any disease negatively impacts the patient’s overall
health leading to higher risk of complications and exacerba-
tions [22, 23]. In patients with AP, studies have demonstrat-
ed that the presence of advanced CKD, CAD, hypertension,
metabolic disorders such as diabetes and malnutrition, and in-
creasing CCI scores are associated with higher odds of early
readmissions [8]. Similarly, in our study, 30-day readmissions
of HTG-AP had a higher proportion of patients with comor-
bidities such as CHF, CAD, CKD, and PEM. Additionally, 30-
day readmissions of HTG-AP also had a high comorbidity bur-
den (CCI > 3) compared to index admissions, which was also
an independent predictor for 30-day all-cause readmissions.

These findings reflect that in patients with known comorbidi-
ties, an initial episode of AP debilitates overall health thereby
increasing risk of readmissions.

We noted a longer LOS (5.6 vs. 4.1 days, OR: 1.5, 95%
CL: 1.2 - 1.7, P < 0.001) for 30-day readmissions of HTG-AP
compared to index admissions. This may be due to the fact these
readmissions may have associated complications and a greater
degree of severity often requiring prolonged hospitalization.
Furthermore, an NRD-based study in 2013 reported attributable
hospital charges of approximately $1.10 billion and $3.86 bil-
lion from index and first readmissions of AP, respectively [18].
Our study further underlines these findings as we report signifi-
cantly higher THC ($56,799 vs. $36,078, OR: 18,702, 95% CI:
15,136 - 22,267, P<0.001) for 30-day readmissions of HTG-AP
compared to index admissions. The higher costs for 30-day re-
admissions of HTG-AP may be secondary to a prolonged hospi-
talization course, higher level of care, and presence of complica-
tions often requiring multi-disciplinary sub-specialty care.

In our study, PEM was an independent predictor for 30-
day all-cause readmissions of HTG-AP. Literature reports that
over 62% of all patients with index hospitalization for AP may
have exocrine pancreatic insufficiency (EPI) which can poten-
tially lead to malabsorption [24, 25]. Hence, inability to meet
nutritional requirements due to the presence of EPI coupled
with an exacerbation of the pain of pancreatitis and/or fear of
eating may lead to malnutrition and increase the susceptibility
of these individuals to readmissions [26, 27]. Additionally, dis-
charge AMA was another independent predictor for 30-day all-
cause readmissions of HTG-AP. Studies have reported higher
rates of readmissions for patients discharged AMA due to in-
complete treatments and lack of discharge instructions, which
may have been the case in our cohort [20, 28]. Furthermore,
we observed that CKD was not only seen in a higher propor-
tion of 30-day readmissions of HTG-AP, but also served as an

Table 4. Predictors of 30-Day Readmissions of Hypertriglyceridemia-Induced Acute Pancreatitis (HTG-AP) in the USA in 2018

Variable aHR 95% CI P value
Protein energy malnutrition 1.96 1.68 - 2.28 <0.001
Discharge against medical advice 1.80 1.44-2.24 <0.001
Charlson comorbidity index score >3 1.80 1.53-2.11 <0.001
Chronic kidney disease 1.29 1.11 - 1.49 0.001
Hypertension 1.12 1.01-1.26 0.041
Age 0.99 0.98 - 0.99 <0.001
Obesity 0.83 0.74 - 0.93 0.001

aHR: adjusted hazard ratio; CI: confidence interval.
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independent predictor of 30-day all-cause readmissions. This
may, in part, be secondary to decreased elimination of pancre-
atic enzymes in patients with CKD coupled with damage to the
pancreas due to uremia and dialysis [29].

Our study has several strengths and limitations. One key
strength of this study is the study population, which is derived
from one of the largest, multiethnic, inpatient databases avail-
able in the USA. Additionally, an analysis and comparison of
various demographic and outcome-oriented facets for index and
30-day readmissions of HTG-AP offers a comprehensive and
thorough overview of the burden of HTG-AP readmissions on
individual and the US healthcare system. Moreover, identifica-
tion of the predictors of all-cause readmissions may help physi-
cians identify individuals at greatest risk of readmission during
the index hospitalization. However, we do acknowledge all the
limitations associated with our study. The NRD does not contain
information on the time of discharge from index admission to
readmission, severity of HTG-AP at the time of index admission
or readmission, hospital course, laboratory investigations for in-
dex admission or readmission, and the pharmacological manage-
ment of the disease. Due to limitations associated with the NRD
database, we were also unable to determine the exact etiology of
the underlying HTG or pregnancy status in the study population.
Furthermore, due to the retrospective nature of the study, it is
subject to all biases associated with retrospective studies. Lastly,
the NRD is an administrative database that uses International
Classification of Diseases, Tenth Revision/Procedure Coding
System ICD-10/PCS codes to store information. Hence, the pos-
sibility of human coding errors cannot be excluded. However,
despite these limitations, our large sample size, comprehensive
analysis technique, and scientific inquires contribute to a well-
rounded study which sheds light on a relative underinvestigated
topic, while aiming to encourage future research on the topic
with large, multi-centered prospective studies.

Conclusions

HTG is believed to be the third most common cause of AP
around the globe. The pathogenic mechanism implicated in the
development of HTG-AP is poorly understood; however, it is
associated with significant morbidity, mortality and healthcare
burden. Additionally, due to poor triglyceride control, these in-
dividuals are at risk of readmissions. In our study, the 30-day
all-cause readmission rate for HTG-AP was noted to be 13.5%.
AP was identified as the most common principal diagnosis at
the time of readmission, followed by chronic pancreatitis and
unspecified sepsis. After a comparative analysis, 30-day read-
missions of HTG-AP had a higher comorbidity burden (CCI >
3), inpatient mortality, mean LOS and mean THC compared to
index admissions. Furthermore, hypertension, PEM, CCI scores
>3, CKD, and discharge AMA were identified as independent
predictors for 30-day all-cause readmissions of HTG-AP.
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