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Abstract

Background and Aims To evaluate impact of ambulatory triglyceride levels on risk of recurrent pancreatitis in patients with
hypertriglyceridemic pancreatitis.

Methods We conducted a longitudinal retrospective cohort study of patients with serum triglyceride level > 500 mg/dL
during index hospitalization for acute pancreatitis within a regional integrated healthcare system between 2006 and 2013
(follow-up through 2015). Cases were identified based on combination of diagnosis codes and serum amylase/lipase. We
used multivariable robust Poisson regression to determine independent effect of baseline (first outpatient) triglyceride
measurement on risk of recurrent pancreatitis. Ambulatory triglyceride levels were categorized as normal (0-200 mg/dL),
moderately elevated (201-500 mg/dL), and highly elevated (> 500 mg/dL). We further assessed factors related to likelihood
of normalization of serum triglycerides (<200 mg/dL) in the outpatient setting.

Results One hundred and fifty-one patients met study inclusion criteria with median follow-up of 3 years. Overall, 45
(29.8%) patients experienced at least 1 recurrent attack with 25 (16.6%) experiencing multiple episodes. In multivariable
analysis, patients that continued to have moderately elevated ((adjusted rate ratio RR 5.47 (95% CL 1.80, 16.65)) as well as
highly elevated (RR 8.45 (2.55, 27.96)) triglycerides were at increased risk of disease recurrence compared to patients that
achieved normalization. Patients with triglyceride measurement performed within 30 days from discharge were more likely
to achieve normalization, 40 versus 26%, p=0.03.

Conclusions For patients with hypertriglyceridemic pancreatitis, even modest elevation in subsequent triglyceride levels
was associated with increased risk of recurrence. Future efforts should focus on ensuring timely care in the outpatient setting
with a goal of normalizing triglycerides.
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Introduction

Electronic supplementary material The online version of this Elevated triglyceride levels are an uncommon but well-
article (https://doi.org/10.1007/s10620-018-5226-x) contains established etiology for acute pancreatitis. Hypertriglyc-
supplementary material, which is available to authorized users. eridemia has been estimated to account for 1-10% of all
cases of acute pancreatitis [1, 2]. The incidence of acute
pancreatitis has been shown to increase by the level of
baseline hypertriglyceridemia [3, 4]. While several studies
Center for Pancreatic Care, Division of Gastroenterology, have indicated a relationship between hypertriglyceridemia
Kaiser Permanente Los Angeles Medical Center, 1526 N and pancreatitis-associated complications [2, 5-7], limited
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data exist regarding the natural history of this form of acute
pancreatitis.

Recidivism is of particular concern in acute pancreatitis
with up to 10-30% of patients experiencing recurrent epi-
sodes [8—10]. Repeated episodes of acute pancreatitis con-
tribute substantially to overall disease burden by prompting
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repeated hospitalization, adversely impacting quality of life
as well as increasing the risk of progression to chronic pan-
creatitis. Because alcohol and gallstones are the most com-
mon causes of pancreatitis, extensive research has focused
on methods to prevent disease recurrence in patients with
these etiologies [11, 12]. To date, similar data on factors
associated with disease recurrence in hypertriglyceridemic
pancreatitis is lacking.

The objective of the present study was to characterize
risk factors for disease recurrence in patients with hypertri-
glyceridemic acute pancreatitis. Specifically, we sought to
quantify the impact of post-discharge triglyceride levels on
risk of recurrent acute pancreatitis as well as identify fac-
tors associated with improved control of triglycerides in the
ambulatory setting.

Methods
Study Design, Setting, and Patient Population

A retrospective cohort study was conducted on patients hos-
pitalized at any of the Kaiser Foundation Southern Califor-
nia hospitals for acute pancreatitis between 2006 and 2013.
Kaiser Permanente is an integrated healthcare system that
comprises nine regions, of which Southern California is
the largest comprising 13 acute care hospitals that serves a
population of over 4.2 million active health plan enrollees.
The health plan enrollees receive comprehensive services
encompassing the full spectrum of care including ambu-
latory, inpatient, laboratory, and pharmacy services. This
study was approved by the Kaiser Permanente Southern
California Institutional Review Board.

Adult patients (> 18 years of age) were identified through
a combination of discharge diagnosis codes for acute pancre-
atitis (International Classification of Disease (ICD-9) 577.1)

Highest Triglyceride Measurement

and an elevated serum amylase/lipase (>3 times upper limit
of normal) during the first qualified (index) hospitalization
between January 1, 2006, and December 31, 2013. This
strategy has previously been shown to have a positive pre-
dictive value of >95% when compared with manual chart
validation based on clinical criteria [13]. Patients were then
limited to those who had a triglyceride level >500 mg/dL
(hypertriglyceridemia) at any point during the index hospi-
talization. To examine the impact of hypertriglyceridemia on
recurrent acute pancreatitis, patients were further limited to
those who had at least one outpatient triglyceride measure
within 1 year following the index hospitalization.

Follow-up of each patient began on the date of outpatient
triglyceride measure and ended with a readmission for acute
pancreatitis (an event) or the earliest of the following dates:
death, loss of health plan enrollment, or the study end date,
December 31, 2015 (Fig. 1).

The same criteria that were used to define hospital admis-
sion with acute pancreatitis for the index hospitalization
were applied to determine the study event (readmission with
acute pancreatitis). Manual chart review was conducted to
identify recurrent episodes of acute pancreatitis. During
manual chart review, all episodes of acute pancreatitis were
confirmed by two of the following three criteria: typical
upper abdominal pain, amylase/lipase > 3 times upper limit
of normal, and/or confirmatory findings on cross-sectional
imaging.

Study Variables

All variables were obtained from the Kaiser Permanente
electronic health record, including other established eti-
ologies of acute pancreatitis (alcohol abuse either self-
reported from previous outpatient visits or any reported
history of alcohol use in the year before index hospi-
talization, gallstone disease according to International
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Fig. 1 Graphical depiction of reference time frames utilized in present study
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Classification of Diseases, Ninth Revision code 574.x in
the year before or year after index hospitalization; and
[3] cholecystectomy [Current Procedural Terminology
codes 47,562, 47,563, 47,600, 47,605] in the 180 days
after index hospitalization)) and demographic variables
including age and sex; as well as additional potential con-
founders: smoking (ever/never as obtained from the elec-
tronic record), obesity (body mass index > 30) and diabetes
(defined by combination of diagnosis codes, medications
and biochemical parameters). The Charlson’s comorbidity
score was used as a measure of patient comorbidity [14].
Income and education levels were derived on the basis
of members’ addresses using block-group-level estimates
provided by Claritas, Inc. (http://www.claritas.com). For
purposes of the present study, all patient demographic and
clinical characteristics other than cholecystectomy were
collected during or prior to the index hospitalization and
they were referred to as baseline covariates.

Data Analysis

Descriptive analysis was performed to assess for differences
in demographic and clinical characteristics relative to the
index hospitalization of the acute pancreatitis patients with
(>500 mg/dL) and without (<500 mg/dL) hypertriglyceri-
demia (Table 1). Among patients with hypertriglyceridemia
who were qualified for the study, we examined the patient
demographic and clinical characteristics by the baseline
ambulatory triglyceride level, classified as low-normal
(0-200 mg/dL), moderately elevated (200-500 mg/dL),
and highly elevated (> 500 mg/dL). Patient characteristics
are reported with number of patents and (%) for categori-
cal variables, and with mean (SD) for normally distributed
data or median (IQR) for non-normally distributed data. For
group comparisons, we used Chi-square or Fisher’s exact
test for categorical variables and ¢ test or nonparametric Wil-
coxon’s rank-sum test (for two groups), and analysis of vari-
ance (ANOVA) or Kruskal-Wallis test (for more than two
groups), as appropriate. Shapiro—Wilk’s test of normality
was used to determine whether the parametric assumption
was appropriate.

Overall and risk factor-stratified crude event rates were
calculated using the unadjusted log-linear (Poisson) regres-
sion models with a robust error variance and are reported
as per 1000 person-days of follow-up. Rate ratios and the
95% confidence intervals were estimated using the low-
normal triglyceride group as the reference group. We then
performed a multivariable robust Poisson regression analysis
to evaluate the effect of ambulatory triglyceride measure-
ment on the risk of recurrent acute pancreatitis. Additional
covariates included in the multivariable model included age,
sex, alcohol etiology, Charlson’s comorbidity, and diabetes.
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All analyses were performed in SAS statistical software
version 9.3 (Cary, N.C). All reported p values are two-sided
with alpha 0.05 level of significance.

Results

We identified a total of 5981 patients who were hospital-
ized for acute pancreatitis during the study period, of whom
2519 had a measured serum triglyceride during the index
hospitalization. After applying study inclusion and exclusion
criteria, 151 of the 237 patients with elevated triglycerides
satisfied criteria for entry into the current study. Details of
cohort assembly are presented in Fig. 2. In terms of ambula-
tory triglyceride levels, there were 47 (31.1%) patients with
low-normal triglycerides, and 67 (44.4%) and 37 (24.5%)
with moderately and high elevated triglycerides at baseline
(Table 1), respectively. Median (interquartile range—IQR)
time to the first outpatient triglyceride was 48 (16-101) days.
Overall, 62.3% of patients had baseline ambulatory triglyc-
eride measurement performed within 30 days of hospital
discharge. Patients with normal baseline serum triglycer-
ides (0-200 mg/dL) had significantly shorter time to base-
line measurement (median 31 days) from index hospital
discharge compared to patients with higher baseline levels
(median 41 and 51 days for moderately elevated and highly
elevated, respectively, p=0.002). Patients with outpatient
serum triglyceride measured within 30 days following dis-
charge were more likely to have normalization of triglycer-
ide levels (0200 mg/dL) compared to patients with delayed
triglyceride measurement, 40 versus 26%, p =0.03).

Median duration of follow-up was 1,101 and 818 and
626 days for patients with low-normal, moderately elevated,
and highly elevated outpatient triglyceride level, respectively
(Table 2). A total of 29.8% (45/151) of patients experienced
at least one recurrent acute pancreatitis requiring hospitali-
zation during the study period. Among patients with recur-
rent acute pancreatitis, 25/45 (56%) experienced more than
one recurrence during the study period with seven out of 45
patients (16%) experiencing five or more episodes.

Impact of Baseline Serum Triglyceride on Risk
of Recurrent Acute Pancreatitis

The overall and covariate stratified event rates and rate ratios
are presented in Table 2. Overall, elevated levels of baseline
serum triglycerides were associated with a corresponding
increase in risk of subsequent pancreatitis episodes. The
overall event rates for recurrent acute pancreatitis were 0.21,
0.71, and 1.50 per 100-person-days, respectively, for patients
with low-normal, moderately elevated, and highly elevated
outpatient triglyceride level. The effect was significant
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Table 1 Baseline patient characteristics by outpatient serum triglyceride level (mg/dL)
Low-normal (0—<200) Moderately Highly elevated (>500) Total p value

n=47 31.1%)

elevated
(200-<500)

n=67 (44.4%)

n=37 (24.5%)

n=151

Days to first outpatient triglyceride after
index hospitalization, median (IQR)

> 30 days to first outpatient triglyceride
Age at index (in years)
Mean (SD)

18-<45

45-<65

65 or older

Female sex
Race/ethnicity

White, non-Hispanic
Black, non-Hispanic
Hispanic

Asian, non-Hispanic
Other, non-Hispanic

Median neighborhood household income,
thousands USD

Mean (SD)
Less than $25,000
$25,000-$49,000
$50,000-$99,999
$100,000 or higher
% Less than high school education, mean
(SD)
Type of insurance coverage
Commercial
Medicaid
Medicare
Body mass index
Mean (SD)
Range
Index AP hospitalization
Etiology of initial AP
Gallstone disorders
Alcohol related
Other
Comorbidity history
History of type 2 diabetes
History of pancreatic cancer
History of cardiovascular disease
History of smoking
History of alcohol use
Charlson’s Comorbidity Index
Mean (SD)
0
1to2

3 or more

31.0 (14.0, 56.0)

24 (51.1%)

39.9 (9.12)
32 (68.1%)
15 (31.9%)

0 (0%)
14 (29.8%)

16 (34%)
3 (6.4%)
20 (42.6%)
6 (12.8%)
2 (4.3%)

61.9 (23.80)
0 (0%)
17 (38.6%)
25 (56.8%)
2 (4.5%)
48.0 (22.24)

42 (89.4%)
1(2.1%)
0 (0%)

30.7 (5.37)
(18.8-39.6)

2 (4.3%)
13 (27.7%)
32 (68.1%)

13 (27.7%)
0 (0%)

18 (38.3%)

13 (27.7%)

13 (27.7%)

1.5 (1.25)

11 (23.4%)
25 (53.2%)
11 (23.4%)

51.0 (12.0, 128.0) 80.0 (45.0, 133.0)

40 (59.7%)

41.4 (8.99)
37 (55.2%)
30 (44.8%)

0 (0%)
27 (40.3%)

24 (35.8%)
7 (10.4%)
30 (44.8%)
5(7.5%)
1(1.5%)

63.0 (28.34)
1(1.6%)

23 (35.9%)

36 (56.3%)
4(6.3%)
48.9 (19.53)

63 (94%)
0 (0%)
1(1.5%)

30.8 (5.25)

(20.941.4)

3 (4.5%)
20 (29.9%)
44 (65.7%)

20 (29.9%)
5(7.5%)
33 (49.3%)
21 (31.3%)
21 (31.3%)

1.3 (1.03)
17 (25.4%)

41 (61.2%)
9 (13.4%)

30 (81.1%)

41.1 (11.54)
25 (67.6%)
10 (27%)

2(5.4%)
12 (32.4%)

9 (24.3%)
1(2.7%)
25 (67.6%)
1(2.7%)
1(2.7%)

63.0 22.71)
0 (0%)
9 (26.5%)
24 (70.6%)
1 (2.9%)
53.0 (19.42)

34 (91.9%)
2 (5.4%)
1 (2.7%)

33.9(5.94)

(25.0-45.4)

2 (5.4%)
9 (24.3%)
26 (70.3%)

17 (45.9%)
0 (0%)

16 (43.2%)

13 (35.1%)

10 27%)

1.6 (1.32)
7 (18.9%)

23 (62.2%)
7 (18.9%)

48.0 (16.0, 101.0) 0.002

94 (62.3%) 0.016
0.681
40.8 (9.67)
94 (62.3%)
55 (36.4%)
2 (1.3%)
53 (35.1%) 0.474
0.285
49 (32.5%)
11 (7.3%)
75 (49.7%)
12 (7.9%)
4(2.6%)
0.933
62.7 (25.54)
1 (0.7%)
49 (34.5%)
85 (59.9%)
7 (4.9%)
49.6 (20.33) 0.529
139 (92.1%) 0.662
3(2%) 0.167
2 (1.3%) 0.553
0.131
31.4 (5.53)
(18.8-45.4)
0.982
7 (4.6%)
42 (27.8%)
102 (67.5%)
50 (33.1%) 0.157
5(3.3%) 0.039
67 (44.4%) 0.504
47 31.1%) 0.762
44 (29.1%) 0.866
0.674
1.4 (1.18)
35 (23.2%)
89 (58.9%)
27 (17.9%)
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Table 1 (continued)

Low-normal (0—-<200) Moderately Highly elevated (>500) Total p value
elevated
(200-<500)
n=47 (31.1%) n=67 (44.4%) n=37 24.5%) n=151
Health plan enrollment status
Length of enrollment (years) 0.338
Mean (SD) 9.6 (6.99) 11.8 (8.48) 10.6 (8.58) 10.8 (8.07)
Range (1.0-33.7) (0.8-42.8) (0.9-34.1) (0.8-42.8)
Continuous enrollment in the 12 months 36 (76.6%) 56 (83.6%) 26 (70.3%) 118 (78.1%) 0.277

prior to index hospitalization

11,599 Kaiser Permanente Southern California adult members with a
primary inpatient diagnosis of acute pancreatitis between
01/01/2006 through 12/31/2013 were assessed for eligibility.

5,767 did not have serum
lipase or amylase level 2 3
» times the upper limit of the
reference range during the
index hospitalization.

Y

5,832 met the full criteria for acute pancreatitis.

3,314 members did not
have triglycerides
measured during

hospitalization.

Y

A,

2,518 members were further examined for study entry.

e 2,299 did not have a
maximum serum
triglyceride
value = 500 mg/dL

e 17 were not members at

> the time of discharge.

e 51 did not have any
outpatient serum
triglycerides measured
within 1 year after
discharge.

Y

151 were included in the final analysis.

Fig.2 Study cohort assembly

primarily among patients aged 45 years or less as well as
those without alcohol or diabetes history.

Using multivariable robust Poisson regression, eleva-
tion in baseline serum triglyceride level remained a signifi-
cant independent risk factor for recurrent episodes of acute
pancreatitis after adjusting for age, sex, Charlson comor-
bidity score, alcohol and diabetes (Table 3). Of note, even
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modest elevation (200-500 mg/dL) in baseline triglycer-
ide was associated with a substantially increased risk with
an adjusted rate ratio of 5.47 (95% confidence limit 1.80,
16.65). Higher levels of baseline triglyceride (> 500 mg/dL)
were associated with a corresponding increase in risk of
recurrent acute pancreatitis, adjusted risk ratio 8.45 (2.55,
27.96). There was also an inverse relationship between age
and risk of recurrent pancreatitis such that older patients
were at a reduced risk compared to patients aged <45 years.
A high Charlson score was also independently associated
with increased risk of recurrent pancreatitis whereas alco-
hol and diabetes were not. There were no significant factors
associated with delayed outpatient baseline measurement in
multivariate analysis. In univariate analysis, for every point
BMI increased, there was an 11.4% less likely chance of
having > 30 days to baseline measurement. There was no
evidence of interaction between variables included in the
Poisson regression model.

Discussion

In this retrospective cohort study of patients with hyper-
triglyceridemic acute pancreatitis, we found that elevated
triglycerides in the ambulatory setting were associated with
increased risk of subsequent disease recurrence. In particu-
lar, even modest elevation of triglycerides (200-500 mg/
dL) following discharge was associated with substantially
increased risk of recurrent pancreatitis. Measurement of
outpatient triglyceride within 30 days of discharge was sig-
nificantly associated with improved baseline triglyceride
control.

Although hypertriglyceridemia is a well-established risk
factor for acute pancreatitis, relatively limited data are avail-
able regarding the natural history of this form of pancreatitis
due to its rarity compared to other etiologies such as bil-
iary or alcohol-related pancreatitis. Population-based data
have helped to further define the risk of incident pancreatitis
according to triglyceride levels [3]. Likewise, several recent
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Table 2 Unadjusted acute pancreatitis readmission rates with 95% confidence intervals per 1000 person follow-up days and rate ratios, overall

and by patient characteristics

Serum triglycerides (mg/dL)

Rate ratio (95% CI)!  Rate ratio (95% CI)*

Low-normal Moderately elevated Highly elevated (>500)
(0—<200) (200-<500)
All patients 47 67 37
Median follow-up in days  1101.0 818.0 626.0
Number of readmissions/ ~ 14/65,218 (0.21)  55/77,334 (0.71) 45/29,934 (1.50) 3.31 (1.21, 9.06) 7.00 (2.50, 19.63)

total person-days (rates
per 1000 person-days)
Age at baseline (in years)
18-<45
45-<65
65 or older
Patient sex
Female
Male

13/40,941 (0.32)
1/24,277 (0.04)

4/26,173 (0.15)
10/39,045 (0.26)

Charlson’s Comorbidity Index

0
1to2
3 or more
History of alcohol use
No
Yes
History of type 2 diabetes
No
Yes

3/17,377 (0.17)
8/30,399 (0.26)
3/17,442 (0.17)

10/49,549 (0.20)
4/15,669 (0.26)

8/48,601 (0.16)
6/16,617 (0.36)

50/35,769 (1.40)
5/41,565 (0.12)

15/34,967 (0.43)
40/42,367 (0.94)

18/19,752 (0.91)
23/51,120 (0.45)
14/6462 (2.17)

42/55,045 (0.76)
13/22,289 (0.58)

42/54,222 (0.77)
13/23,112 (0.56)

37/17,278 (2.14)
7/11,862 (0.59)
1/794 (1.26)

19/9172 (2.07)
26/20,762 (1.25)

7/5555 (1.26)
21/20,118 (1.04)
17/4261 (3.99)

35/22,365 (1.56)
10/7569 (1.32)

22/15,895 (1.38)
23/14,039 (1.64)

4.04 (1.34,12.18)
3.60 (0.41, 31.88)
Not Estimable

2.95 (0.63, 13.80)
3.45(1.00, 11.97)

4.64 (0.36, 59.15)
1.88 (0.62, 5.68)
9.77 (1.30, 73.15)

3.79 (1.19, 12.04)
2.15(0.33,13.91)

4.80 (1.33, 17.41)
1.32 (0.29, 5.94)

5.41 (1.85, 15.81)
10.95 (0.91, 131.80)
Not Estimable

11.82 (2.35, 59.49)
3.82 (1.12, 13.04)

5.42(0.47, 61.93)
3.73 (1.10, 12.67)
16.01 (2.06, 124.10)

7.08 (2.39, 20.95)
3.24 (0.35, 30.15)

6.74 (1.73, 26.21)
3.68 (0.87, 15.53)

Bold indicates significant result at p < 0.05 level

"Reported for patients with triglyceride values of 200— < 500 mg/dL relative to those with <200 mg/dL at baseline

ZReported for patients with triglyceride values of 500 mg/dL or higher relative to those with <200 mg/dL at baseline

Table 3 Adjusted rate ratios with 95% confidence interval limits for
acute pancreatitis readmission

Adjusted rate ratio p value

Baseline serum triglycerides (mg/dL)
Low-normal (0—<200)
Moderately elevated (200—-< 500)
Highly elevated (>500)

Age at baseline (in years)

Reference
5.47 (1.80, 16.65) 0.003
8.45 (2.55,27.96) 0.001

18-<45 Reference
45-<65 0.14 (0.05,0.38)  0.000
65 or older 0.15 (0.04, 0.61)  0.008

Female versus male sex 0.84 (0.33,2.13)  0.717

Charlson’s Comorbidity Index

0 Reference
12 0.84 (0.22,3.21)  0.800
3 or more 3.62 (0.82,16.02) 0.090

History of alcohol use versus none 0.61(0.21,1.77)  0.361

History of Type 2 diabetes versus 0.73 (0.25,2.14)  0.563

none

Bold indicates significant result at p < 0.05 level

Adjusted for all other variables shown

studies have linked elevation in triglycerides in the hospital
setting to increased risk of inpatient complications such as
persistent organ failure [7]. The present study extends these
previous findings by characterizing the impact of outpatient
triglyceride levels on risk of recurrent acute pancreatitis in
a well-defined cohort of patients with hypertriglyceridemic
acute pancreatitis. Our finding of an increased risk of recur-
rent pancreatitis even at modest baseline triglyceride lev-
els is consistent with previous studies that demonstrated a
step-wise increase in risk of incident pancreatitis as well
as pancreatitis-related complications at modestly increased
triglyceride levels.

Hypertriglyceridemia is believed to trigger pancreatitis
through downstream effects of liberated free fatty acids,
which in turn can lead to direct mitochondrial injury with
in the acinar cell. Specifically, in experimental animal mod-
els addition of free fatty acid exacerbated caerulin-induced
pancreatitis through a cyclic GMP mediated pathway that
promoted increased retention of intracellular calcium levels
[1, 15]. It is unclear to what extent a previous pancreatic
injury predisposes to augmented risk of pancreatitis for any
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given level of elevation in serum triglycerides. While find-
ings from the present study were qualitatively similar to
those reported from a recent population-based study from
Denmark [16], the observed crude event rate appeared to be
higher in the present study cohort potentially indicating an
increased susceptibility to recurrent episodes following an
incident attack of pancreatitis.

Besides the primary findings, there were several addi-
tional notable observations in the present study. First, it was
interesting to note that younger patients were more likely
to suffer disease recurrence. Second, the triglyceride effect
appeared to be most pronounced among patients without
history of chronic alcohol or diabetes. Taken together, these
findings may indicate the underlying presence of a primary
dyslipidemia in younger patients as opposed to elevation in
triglycerides secondary to alcohol or diabetes among older
patients. Another important observation from the present
study was that over half (58%) of all the acute pancreati-
tis patients during the study period did not have a serum
triglyceride measured at all during their hospitalization. In
addition, among the patients with hypertriglyceridemic pan-
creatitis that was included in the present study, only 38% had
a repeat triglyceride measurement obtained within 30 days
of hospital discharge. These figures reflect current practice
patterns and highlight opportunities for quality improvement
initiatives.

There were several limitations to the present study.
First, we used the first (baseline) outpatient triglyceride
measurement following discharge as a proxy for overall
triglyceride control. Triglyceride levels can fluctuate over
time and the baseline measurement may not reflect sub-
sequent levels. We were unable to pursue a more compre-
hensive approach to assess the impact of overall triglyc-
eride control in the ambulatory setting due to a lack of
available ambulatory measurements. However, the level
of serum triglyceride when measured at the first outpatient
setting was nevertheless significantly associated with risk
of recurrent acute pancreatitis. That said, the time to first
outpatient serum triglyceride measurement is likely a sur-
rogate for additional factors including vigilance of physi-
cian follow-up as well as patient adherence to care rec-
ommendations. Another set of limitations for the present
study was the lack of inpatient triglyceride measurement
in over half the patients hospitalized for acute pancreati-
tis during the study period as well as delay in follow-up
outpatient triglyceride measurement beyond 30-days for
patients who were followed up. Given the retrospective
nature of the study, it is possible that there were other
mechanisms such as idiopathic recurrent pancreatitis that
may have led to modestly elevated triglyceride measure-
ments in these patients as well. Medications and medical
comorbidities such as chronic kidney disease may also
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impact triglyceride measurements, but we were unable to
adjust for those based on the limited sample size.

The present findings have several implications for clini-
cal practice. First, we recommend that serum triglycer-
ides should be routinely checked during hospitalization
for acute pancreatitis. It is likely that we have underesti-
mated the prevalence of HTG-related acute pancreatitis
and recent literature indicates increased risk of pancre-
atitis-related complications with even modest elevation
of triglycerides [7, 17]. Second, patients with elevated
triglycerides during hospitalization should be scheduled
for early follow-up in the ambulatory setting with a repeat
measurement within 30 days of discharge. Finally, our data
suggest that normalization of serum triglycerides below
200 mg/dL should be the goal of outpatient therapy to
reduce risk of recurrent acute pancreatitis in this patient
population.

In summary, in this study of patients with hypertri-
glyceridemic pancreatitis, we found that disease recur-
rence was common. There was substantial variation in the
time to follow-up assessment of triglyceride levels after
discharge. Patients with triglycerides measured within
30 days post-discharge were more likely to achieve tri-
glyceride control at baseline. Even modest elevation in
triglycerides (> 200 mg/dL) was associated with signifi-
cant increase in risk of disease recurrence. These findings
indicate that greater vigilance in monitoring patients with
hypertriglyceridemic pancreatitis in the ambulatory setting
with an emphasis on normalization of triglyceride levels
may be an important opportunity to reduce risk of future
episodes of pancreatitis in this population.
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