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Hospital frailty risk score predicts worse outcomes in patients with 
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Abstract Background Chronic pancreatitis (CP) is a pathological fibroinflammatory response to persistent 
inflammation or stress to the pancreas. The effect of frailty on outcomes in patients with CP has 
not been previously examined. In this study, we examined the effect of frailty on outcomes in 
hospitalized patients with CP.

Methods Records of patients with a primary or secondary discharge diagnosis of CP (ICD10-CM 
codes K86.0, K86.1) between January 2016 and December 2019 were obtained from the National 
Inpatient Sample database. Data were collected on patient demographics, hospital characteristics, 
comorbidities, and etiology of CP. The relationship between frailty and outcomes, including 
mortality, intensive care unit (ICU) admission, sepsis, shock, length of stay (LOS), and total 
hospitalization charges (THC), were analyzed using multivariate analysis.

Results 722,160 patients were included in the analysis. Patients with a high hospital frailty risk score 
had a higher mortality risk (adjusted odds ratio [aOR] 12.57, 95% confidence interval [CI] 10.42-
15.16; P<0.001) compared to patients with low frailty scores. Patients with high frailty scores also 
had a higher risk of sepsis (aOR 5.75, 95%CI 4.97-6.66; P<0.001), shock (aOR- 26.25, 95%CI-22.83-
30.19; P<0.001), ICU admission (aOR 25.86, 95% CI-22.58-29.62; P<0.001), and acute kidney injury 
(aOR 24.4, 95%CI 22.39-26.66; P<0.001). They also had a longer LOS (7.04 days, 95%CI 6.57-7.52; 
P<0.001) and higher THC ($72,200, 95%CI 65,904.52-78,496.66; P<0.001).

Conclusions Frail patients, as determined by their hospital frailty risk score, are at high risk of worse 
outcomes. This data suggests opportunities for physicians to risk-stratify patients and predict outcomes.
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Introduction

Chronic pancreatitis (CP) is a pathological fibroinflammatory 
response to persistent inflammation or stress to the pancreas. 
This pathological response can result in glandular fibrosis, 
atrophy, calcifications, blockage, or distortions of the pancreatic 
duct. As a result, patients can develop chronic abdominal 
pain, malnutrition, diabetes mellitus, and exocrine pancreatic 
insufficiency and have an increased risk of pancreatic ductal 
adenocarcinoma [1,2]. CP is an uncommon adult-onset 
condition with a prevalence of less than 50 per 100,000 adults 
in the United States (US) and a slight male predominance [3]. 
Mortality in patients with CP is higher than in the general 
population. Ten-year survival after the diagnosis has been 
estimated to be 70-90% [4]. Multiple scores, such as ABC, 
Manchester, MANNHEIM, and CPI, have been studied to 
stratify the severity of CP. However, the validity of the scores 
is inconclusive [5-8]. Thus, a clinical classification and scoring 
system identifying patients at risk would be beneficial to 
prognosticate patients.
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Frailty has been defined as a decline in the function of organ 
systems and is associated with worse outcomes when patients are 
exposed to stressors [9]. Multiple studies have assessed frailty as 
a marker for adverse health outcomes and found it to have good 
predictive value [10]. In a study by Wei et al of patients with 
CP undergoing pancreatic surgery, frailty was an indicator of 
post-surgical complications [11]. Multiple frailty measurement 
tools have been developed to identify patients at risk. Some 
commonly used measurement tools include the FRAIL scale 
(questionnaire) and the CSHA clinical frailty scale   [12,13]. 
Gilbert et al created a hospital frailty risk score (HFRS) using 
electronic health records. This score was developed using ICD-
10 codes of diseases overrepresented in frail patients. Each 
ICD-10 code was awarded specific values in proportion to how 
strongly it predicted frailty and represented a suitable surrogate 
marker of frailty in national databases [14]. This score has been 
studied in patients undergoing spinal surgery, percutaneous 
coronary interventions, cardiac arrest and endoscopy for 
gastrointestinal bleeding [15-18]. In the studies mentioned 
above, HFRS predicted poor clinical outcomes.

Until now, no studies have assessed the effect of frailty 
based on HFRS score on outcomes in patients with CP. To 
understand the effect of frailty in patients with CP, we assessed 
whether HFRS could determine the outcomes in patients with 
CP. We hypothesize that frailty will strongly indicate worse 
outcomes and higher resource utilization.

Materials and methods

Data source

The National Inpatient Sample (NIS), maintained by the 
Healthcare Cost and Utilization Project (HCUP) of the Agency 

for Healthcare Research and Quality, is the largest database of 
inpatient hospital stays in the United States [19]. NIS collects 
data from a 20% stratified sample of United States hospitals 
in 37 states and has been reliably used to estimate disease 
burden and outcomes. Each hospitalization is de-identified 
and maintained in the NIS as a unique entry with one primary 
discharge diagnosis and up to 39 secondary diagnoses during 
that hospitalization, depending on the year of data collection. 
Each entry records patient demographics, including age, sex, 
race, insurance status, primary and secondary procedures 
(up  to 25), hospitalization outcome, total charges, and length of 
stay (LOS). Internal Review Board approval was not required, 
as NIS is a publicly available de-identified database.

Study population

Diagnosis codes from the International Classification of 
Diseases 10th  Version, Clinical Modification (ICD-10 CM), 
were used to identify patients (age >18 years) hospitalized with 
CP between 2016 and 2019. Cases with missing mortality data, 
sex, or demographics were excluded. In total, 722,160 cases met 
the inclusion criteria. This information is presented in Fig. 1.

Definition of frailty

Gilbert et al developed HFRS using 109 ICD-10 codes  [14]. 
These ICD-10 codes were noted to be overrepresented in 
frail patients. Each ICD-10 code was awarded a specific value 
proportional to how strongly it predicted frailty. In their 
analysis, HFRS >5 was used to classify patients as frail. Scores 
between 5-15 were classified as patients with medium frailty, 
while a score greater than 15 was classified as high frailty. We 
used a similar approach to classify our patients.

Total US hospitalizations between 2016-2019
(n=142,338,643)

Patients with a diagnosis of chronic pancreatitis
(n=766,940)

Missing mortality
(n=425)

Missing demographics
(n=44,355)Exclusion criteria

Total patients included in the study
(n=722,160)

Low hospital frailty score
(n=415,580)

Medium hospital frailty score
(n=290,860)

High hospital frailty score
(n=15,720)

Figure 1 Flowchart of case selection for patients with chronic pancreatitis 
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Study outcomes and variables

The primary outcome assessed was the impact of HFRS on 
inpatient mortality comparing low, medium, and high HFRS. 
Secondary outcomes studied included shock, acute kidney 
injury (AKI), sepsis, and intensive care unit (ICU) admissions. 
We also compared the mean LOS and total hospitalization 
charges between HFRS as surrogate markers for healthcare cost 
utilization. Hospital charges were defined as the dollar amount 
a hospital charges for services before negotiating discounts 
with insurance companies.

Our primary exposure variable was the patient’s HFRS. 
Other variables included age (divided into 3 groups: <44 years, 
45-64  years, and >65  years), sex, race, primary insurance, 
median income, hospital characteristics such as region, bed 
size, and rural/urban location, pre-specified by HCUP. Data 
were also collected on the patients diagnosed with alcohol-
related CP. To assess comorbidities, the Charlson Comorbidity 
Index was used. This is a well-validated index based on 
ICD-10 codes and intended for use on large quantities of 
administrative data to predict mortality and hospital resource 
use [20].

Statistical analysis

Hospital-level discharge weights provided by NIS were 
used to generate national estimates. Categorical variables were 
compared using the chi-square test, whereas an independent 
sample t-test was used for continuous variables. Univariate 
logistic regression was performed to study the effect of HFRS 
on categorical and continuous outcomes. It was followed 
by multivariate logistic regression analysis, adjusting for 
patient demographics, hospital characteristics, Charlson 
comorbidities, and CP secondary to alcohol dependence who 
met the cutoff on univariate analysis (P<0.1). A complete list 
of ICD-10 codes is presented in Supplementary Table 1. The 
unadjusted and adjusted odds ratios were calculated with a 95% 
confidence interval (CI). A type I error of <0.05 was considered 
statistically significant. Data analysis was performed using 
STATA 17.0 (Texas).

Results

Patient demographics

A total of 722,160  patients were included in the study; 
57.55% of the population had low frailty scores, 40.28% 
medium frailty scores, and 2.17% high frailty scores. There 
were 32,865 patients with a primary diagnosis of CP while the 
remaining patients had a secondary diagnosis of CP. Females 
accounted for 43.94% of the study population. Most patients 
were in the 45 to 65-year-old age group (49.36%) and the 
majority were White (64.89%), followed by African American 
patients (22.14%). The majority of patients were from the South 

(40.51%). A complete list of patient demographics, stratified by 
HFRS, is presented in Table 1.

Etiology and comorbidities of CP

Patients with a high frailty score had a higher incidence 
of acute myocardial infarction, congestive heart failure, 
peripheral vascular disease, cerebrovascular disease, 
dementia, chronic obstructive pulmonary disease, hemiplegia 
or paraplegia, and renal disease compared to patients with 
medium and low frailty scores. A lower proportion of patients 
with alcohol-related CP were noted in the high-frailty score 
group. A  complete list of comorbidities stratified by frailty 
score is present in Table 2.

Outcomes

Mortality

The total number of deaths in the study population was 
12,795  (1.77%). Mortality was 1790  (0.43%) in patients with 
low frailty scores, 9675  (3.33%) in patients with medium 
frailty scores, and 1330  (8.46%) in patients with high frailty 
scores. Compared to patients with low frailty scores, patients 
with medium and high frailty scores had a higher mortality 
risk (adjusted odds ratio [aOR] 5.65, 95%CI 5-6.37; P<0.001, 
and aOR 12.57, 95%CI 10.42-15.16; P<0.001, respectively). 
The results of the multivariate analysis for categorical and 
continuous outcomes, stratified by frailty score, are presented 
in Tables 3 and 4, and Fig. 2.

Sepsis

A total of 22,890  (3.17%) patients developed sepsis. 
The incidence of sepsis in patients with low frailty scores 
was 7840 (1.89%). There were 13,660 (4.70%) patients with 
medium frailty and 1390  (8.84%) patients with high frailty 
scores. Compared to patients with low frailty scores, patients 
with medium and high frailty scores had a higher risk of 
sepsis (aOR 2.64, 95%CI 2.46-2.84, P<0.001, and aOR 5.75, 
95%CI 4.97-6.66; P<0.001, respectively) on multivariate 
analysis.

Shock

A total of 24,910  (3.45%) patients developed shock. 
There were 3265  (0.79%) patients with low frailty scores, 
18,810  (6.47%) patients with medium frailty scores, and 
2835 (18.03%) patients with high frailty scores. Compared to 
patients with low frailty scores, patients with medium and high 
frailty scores had a higher risk of shock (aOR 7.75, 95%CI 7.08-
8.49; P<0.001, and aOR 26.25, 95%CI 22.83-30.19; P<0.001, 
respectively) on multivariate analysis.
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AKI

A total of 129,825  (17.98%) patients developed AKI. 
There were 22,190  (5.34%) patients with low frailty scores, 
97,965  (33.70%) patients with medium frailty scores, and 
9,670 (61.51%) patients with high frailty scores. Compared to 
patients with low frailty scores, patients with medium and high 
frailty scores had a higher risk of AKI on multivariate analysis 

(aOR 7.27, 95%CI 6.99-7.55; P<0.001, and aOR 24.43, 95%CI 
22.39-26.66; P<0.001, respectively).

ICU admission

A total of 27,460 (3.8%) patients required ICU admission. 
There were 3915  (0.94%) patients with low frailty scores, 
20,355  (6.70%) patients with medium frailty scores, and 

Table 1 Patient demographics, stratified by frailty score

Variables Low frailty score
N (%)

Medium frailty score
N (%)

High frailty score
N (%)

P-value

Age categories
18-44
45-65
>65

142,955 (34.4)
203,970 (49.08)
68,655 (16.52)

64,140 (22.05)
145,745 (50.11)
80,975 (27.84)

1345 (8.56)
6730 (42.81)
7645 (48.63)

<0.001

Sex
Male
Female

241,010 (57.99)
174,570 (42.01)

156,015 (53.64)
134,845 (46.36)

7830 (49.81)
7890 (50.19)

<0.001

Race
White
African American
Hispanic
Asian/Pacific islander
Native American
Other

273,595 (65.83)
85,480 (20.57)
38,160 (9.18)
5630 (1.36)
3150 (0.76)
9565 (2.3)

184,790 (63.53)
70,590 (24.27)
22,880 (78.66)

4225 (1.45)
2530 (0.87)
5845 (2.01)

10,235 (65.11)
3845 (24.46)
890 (56.62)
350 (2.23)
100 (0.64)
300 (1.91)

<0.001

Insurance status 
Medicare
Medicaid
Private
Uninsured

135,495 (32.6)
124,940 (30.06)
104,210 (25.08)

34,100 (8.21)

137,275 (47.2)
79,130 (27.21)
49,830 (17.13)

15,130 (5.2)

9905 (63.01)
3250 (20.67)
1860 (11.83)

375 (2.39)

<0.001

Income quartile 
Lowest quartile
Second quartile
Third quartile
Highest quartile

145,295 (34.96)
111,355 (26.8)
92,800 (22.33)
66,130 (15.91)

107,085 (36.82)
75,045 (25.8)

63,220 (21.74)
45,510 (15.65)

5415 (34.45)
4030 (26.37)
3445 (21.91)

2830 (18)

<0.001

Region
Northeast
Midwest
South
West

78,440 (18.87)
98,470 (23.69)

169,495 (40.79)
69,175 (16.65)

48,125 (16.55)
71,990 (24.75)
117450 (40.38)
53,295 (18.32)

2160 (13.74)
5035 (32.03))
5620 (35.75)
2905 (18.48)

<0.001

Hospital location
Rural
Urban

35,395 (8.52)
380,185 (91.48)

20,575 (7.07)
270,285 (92.93)

885 (5.63)
14,835 (94.37)

<0.001

Teaching status 
Non-teaching hospitals
Teaching hospitals

121,595 (29.26)
293,985 (70.74)

76,840 (26.42)
214,020 (73.58)

3880 (24.68)
11,840 (75.32)

<0.001

Hospital size
Small
Medium
Large

86,080 (20.71)
118,265 (28.46)
211,235 (50.83)

57,510 (19.77)
81,550 (28.04)

151,800 (52.19)

3015 (19.18)
4680 (29.77)
8025 (51.05)

<0.001

Charlson comorbidity index
0
1
2
3 or more

126,990 (30.56)
121,200 (29.16)
70,620 (16.99)
96,770 (23.29)

38,380 (13.2)
60,360 (20.75)
52,955 (18.21)

139,165 (47.85)

785 (4.99)
1835 (25.4)

2320 (17.43)
10,780 (68.58)

<0.001
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3190 (20.29%) patients with high frailty scores who required 
ICU admission. Compared to patients with low frailty scores, 
patients with medium and high frailty scores had a higher 
risk of ICU admission on multivariate analysis (aOR 7.21, 
95%CI 6.58-7.89; P<0.001, and aOR 25.86, 95%CI 22.58-29.62; 
P<0.001, respectively).

LOS

The mean LOS in patients with low frailty scores was 
4.28  days (±0.02). It was 6.96  days (±0.04) in patients with 
medium frailty score and 11.88 days (±0.24) in patients with 
high frailty score. Compared to patients with low frailty 
scores, patients with medium and high frailty scores had 
a greater LOS on multivariate analysis (+2.39  days, 95%CI 
2.31-2.47; P<0.001, and 7.04 days, 95%CI- 6.57-7.52; P<0.001, 
respectively).

Total hospitalization charges

The mean total hospitalization charges were $40,401.28 in 
patients with low frailty scores, $71,770.49 in patients with 
medium frailty scores and $120,715.3 in patients with high 
frailty scores� Compared to patients with low frailty scores, 
patients with medium and high frailty scores had higher total 
charges on multivariate analysis ($26,605.99, 95%CI 25,577.77-
28,234.2; P<0.001, and $72,200.59, 95%CI 65,904.52-78,496.66; 
P<0.001, respectively).

Discussion

Frailty has become an increasingly important topic in today’s 
healthcare system. It is a robust predictor of outcomes in various 

Table 2 Comorbidities stratified by frailty score

Variables Low frailty score
N (%)

Medium frailty score
N (%)

High frailty score
N (%)

P-value

Etiology 
Alcohol-related chronic pancreatitis 89,405 (21.51) 57,435 (19.75) 2245 (14.28) <0.001

Comorbidities
Acute myocardial infarction
Congestive heart failure
Peripheral vascular disease
Cerebrovascular disease 
Dementia
COPD
Rheumatoid disease
Peptic ulcer disease 
Mild liver disease 
Uncomplicated diabetes
Complicated diabetes 
Hemiplegia/paraplegia
Renal disease 
Cancer without metastasis 
Moderate/severe liver disease 
Metastatic cancer
AIDS

22,925 (5.52)
34,460 (8.29)
20,375 (4.9)
4445 (1.07)
2665 (0.64)

91,490 (22.02)
10,920 (26.28)
12,335 (2.97)

69,170 (16.64)
101,895 (24.52)
48,150 (11.59)

870 (0.21)
33,290 (8.01)

12,650 (30.44)
21,655 (5.21)

6235 (1.5)
2600 (0.63)

23,865 (8.21)
53,420 (18.37)
23,395 (8.04)
15,870 (5.46)
11,775 (4.05)

86,805 (29.84)
10,380 (3.57)

12,565 (84.32)
56,275 (19.35)
61,935 (21.29)
68,560 (23.57)

3535 (1.22)
82,565 (28.39)
11,795 (40.55)
24,825 (8.54)
6130 (2.11)
2775 (0.95)

1625 (10.34)
3940 (25.06)
1595 (10.15)
3700 (23.54)
3385 (21.53)
5000 (31.81)

595 (3.79)
740 (4.71)

2530 (16.09)
2645 (16.83)
4910 (31.23)
1300 (8.27)

7015 (44.62)
680 (4.33)

1380 (8.78)
325 (2.07)
145 (0.92)

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

Table 3 Results of categorical and continuous variables stratified by frailty score

Categorical variables Low frailty score
N (%)

Medium frailty score
N (%)

High frailty score
N (%)

P-value

Mortality 1790 (0.43%) 9675 (3.33%) 1330 (8.46) <0.001

Sepsis 7840 (1.89%) 13,660 (4.70%) 1390 (8.84%) <0.001

Shock 3265 (0.79%) 18,810 (6.47%) 2835 (18.03%) <0.001

AKI 22,190 (5.34%) 97,965 (33.70%) 9670 (61.51%) <0.001

ICU admission 3915 (0.94%) 20,355 (6.70%) 3190 (20.29%) <0.001

Continuous variables 
LOS
Total charges

4.28 (±0.02)
40,401.28 (±346.93)

6.96 (±0.04)
71,770.49 (±767.86)

11.88 (±0.24)
120,715.3 (±3143.84)

<0.001
<0.001

AKI, acute kidney injury; ICU, intensive care unit; LOS, length of hospital stay
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medical conditions. HFRS, a novel administrative measure to 
identify patients at risk for frailty, can predict long-term survival 
and other clinical outcomes. No studies to date have evaluated 
the impact of frailty on CP. Using a nationally representative 
cohort of 722,160 patients with CP, we found that high HFRS 
predicted higher in-hospital mortality and resource utilization.

Although initial studies have validated HFRS in patients 
aged 75 years or older, several publications have demonstrated 
the predictive value of HFRS in patients as young as 18 years 
of age [21-25]. In our study, about 8.56% of the patients 
aged 18-44 had high HFRS, while the prevalence of frailty 
in patients aged 45-65 was 42.81%. Prior literature has 
questioned distinguishing age-related frailty from disease-
related frailty  [26]. Angioni et al suggested that further studies 
should target the underlying biological cascades responsible 
for these different frailty classifications. This differentiation is 
warranted, as patients with frailty-related diagnoses, even in 
the younger age group, can have worse outcomes. In our study, 
HFRS was associated with higher mortality risk and worse 
outcomes, even after adjustment for age.

In our analysis, patients with medium and high HFRS 
had a 5.65 and 12.57 times higher mortality risk, respectively, 
than patients with low HFRS. Frailty has been identified as 
a predictor of mortality in patients admitted to acute care 
wards   [27-30]. Social, psychological, lifestyle, and cognitive 
domains have been identified as mediators of the frailty–
mortality association [31]. A study by Breij et al contradicted 

Table 4 Adjusted odds ratio/coefficient for categorical and continuous outcomes for patients with chronic pancreatitis 

Outcomes Adjusted odds ratio 95%CI P-value

In-hospital mortality
Low frailty score
Medium frailty score
High frailty score

Reference
5.65

12.57
5.00-6.37

10.42-15.16
<0.001
<0.001

Sepsis
Low frailty score
Medium frailty score
High frailty score

Reference
2.64
5.75

2.46-2.84
4.97-6.66

<0.001
<0.001

Shock
Low frailty score
Medium frailty score
High frailty score

Reference
7.75

26.25
7.08-8.49

22.83-30.19
<0.001
<0.001

AKI
Low frailty score
Medium frailty score
High frailty score

Reference
7.27

24.43
6.99-7.55

22.39-26.66
<0.001
<0.001

ICU
Low frailty score
Medium frailty score
High frailty score

Reference
7.21

25.86
6.58-7.89

22.58-29.62
<0.001
<0.001

Adjusted coefficient 95%CI P-value

LOS
Low frailty score
Medium frailty score
High frailty score

Reference
2.39 days
7.04 days

2.31-2.47
6.57-7.52

<0.001
<0.001

Total hospitalization charges
Low frailty score
Medium frailty score
High frailty score

Reference
$26,605.99
$72,200.59

25,577.77-28,234.2
65,904.52-78,496.66

<0.001
<0.001

CI, confidence interval; AKI, acute kidney injury; ICU, intensive care unit; LOS, length of hospital stay

80.00%

60.00%

40.00%

20.00%

0.00%

P
er

ce
nt

ag
e 

of
 p

at
ie

nt
s 

(%
)

Death Sepsis Shock AKI ICU
Outcomes

Low Frailty score Medium Frailty score High Frailty score

Figure 2 Distribution of categorical outcomes, stratified by frailty score 
AKI, acute kidney injury; ICU, intensive care unit
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these findings and reported that these factors did not play a role 
in the association between frailty and mortality. In our research, 
even after adjusting for social factors such as insurance status 
and the income quartile, HFRS was independently associated 
with a higher mortality risk.

Patients with higher HFRS had a higher incidence of 
surrogate markers of severity, such as AKI, sepsis, shock and 
ICU admission. The risk of developing AKI in patients with a 
high HFRS was 24 times higher than in the low HFRS group. 
Previous studies have revealed that frail patients are susceptible 
to dehydration [32]. A study by Hooper et al that included 188 
elderly residents in long-term care reported that dehydration 
was higher in these patients and was associated with greater 
mortality. Electrolyte abnormalities secondary to dehydration 
might also have contributed to worse outcomes. Additionally, 
frail patients are prone to decubitus ulcers, urinary tract 
infections and aspiration pneumonia [33-35]. These factors 
might contribute to increased rates of sepsis and shock in 
the high HFRS group and, as a result, higher rates of ICU 
admission.

This nationwide analysis demonstrates Charlson 
comorbidities are more prevalent in patients with a high 
HFRS. About 68.5% of patients with high frailty scores had 
3 or more comorbidities. This finding could be due to the 
similar comorbidities in both scoring systems. The shared 
comorbidities in both scores are hemiplegia, stroke and peptic 
ulcer disease (only duodenal ulcer used in HFRS). In our study, 
even after adjusting for the Charlson comorbidity index and 
individual Charlson comorbidities, patients in the high HFRS 
group were at 12.57 times higher risk of death than those in the 
low HFRS group.

Our study highlights higher resource utilization in patients 
with medium and high HFRS scores. Patients with medium 
and high HFRS incurred costs of $31,369.21 and $80,314.2 
more than those with low frailty scores, after adjustment 
for confounding variables. The differences in cost could be 
attributed to the greater LOS in patients with medium and 
high HFRS. Another factor contributing to the higher cost 
could be the disposition of these patients. Frail patients are 
at higher risk of being discharged to skilled nursing facilities 
and rehabilitation centers than non-frail patients   [36-38]. 
Disposition to skilled nursing facilities requires care 
coordination among providers, social workers and the post-
acute care facilities, which may contribute to the higher costs 
seen in these patients.

We acknowledge the following limitations of our study. 
Our study relies on a large national database and is subject to 
observational data limitations. Information regarding dietary 
compliance and pharmaceutical therapies is not included in 
NIS. These are important confounders and can affect patient 
outcomes. Since the data only contains information on 
acute hospitalization episodes, we cannot follow the patient 
longitudinally and track readmissions. As a result, outcome 
measures such as long-term survival cannot be studied. Owing 
to the nature of the database, it is difficult to ascertain whether 
CP was in remission or not. The major strength of this study is 
the large study population size, from several hospitals across 
the country, which excludes selection bias. Furthermore, since 

HFRS is based on ICD-10 coding, it can be incorporated 
into electronic health records. This would be beneficial for 
providers, as it will be a useful tool for risk-stratifying patients. 
Our findings should be validated in a prospective cohort study 
that captures more granular clinical data and assesses long-
term outcomes.

Our study further expands on the effects of frailty on 
outcomes in CP. Our principle finding is that frailty is 
associated with higher in-hospital mortality and resource 
utilization. Physicians should be aware of this association and 
identify at-risk patients early to prevent the high morbidity and 
mortality observed in these patients.

Summary Box

What is already known:

• Chronic pancreatitis is a very common disease and 
is costly for the United States healthcare system

• The impact of frailty is poorly documented
• No prior studies have investigated the effect of frailty 

on outcomes in chronic pancreatitis

What the new findings are:

• Frailty was associated with greater mortality and 
healthcare utilization in patients with chronic 
pancreatitis

• Patients with medium and high frailty scores had 
higher rates of sepsis, shock, acute kidney injury and 
intensive care unit admission compared to patients 
with low frailty scores

• Patients with medium and high frailty scores 
had greater resource utilization, evidenced by a 
longer stay and higher total hospitalization charges 
compared to patients with low frailty scores

• Physicians should identify the patients with frailty 
on admission and should monitor them closely to 
prevent worse outcomes
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Supplementary Table 1 ICD-10 codes for chronic pancreatitis

Condition ICD-10 Codes

Chronic pancreatitis K86.1, K86.0

Alcohol-related 
chronic pancreatitis

K86.0

Myocardial 
infarction

I21.x, I22.x, I25.2

Congestive heart 
failure

I09.9, I11.0, I13.0, I13.2, I25.5, I42.0, I42.5 
- I42.9, I43.x, I50.x, P29.0

Peripheral vascular 
disease

I70.x, I71.x, I73.1, I73.8, I73.9, I77.1, I79.0, 
I79.2, K55.1, K55.8, K55.9, Z95.8, Z95.9

Cerebrovascular 
disease

G45.x, G46.x, H34.0, I60.x - I69.x

Dementia F00.x - F03.x, F05.1, G30.x, G31.1

Chronic pulmonary 
disease

I27.8, I27.9, J40.x - J47.x, J60.x - J67.x, 
J68.4, J70.1, J70.3

Rheumatic disease M05.x, M06.x, M31.5, M32.x - M34.x, 
M35.1, M35.3, M36.0

Peptic ulcer disease K25.x - K28.x

Mild liver disease B18.x, K70.0 - K70.3, K70.9, K71.3 - 
K71.5, K71.7, K73.x, K74.x, K76.0, K76.2 
- K76.4, K76.8, K76.9, Z94.4

Diabetes without 
chronic complication

E10.0, E10.1, E10.6, E10.8, E10.9, E11.0, 
E11.1, E11.6, E11.8, E11.9, E12.0, E12.1, 
E12.6, E12.8, E12.9, E13.0, E13.1, E13.6, 
E13.8, E13.9, E14.0, E14.1, E14.6, E14.8, 
E14.9

Diabetes with 
chronic complication

E10.2 - E10.5, E10.7, E11.2 - E11.5, E11.7, 
E12.2 - E12.5, E12.7, E13.2 - E13.5, E13.7, 
E14.2 - E14.5, E14.7

Hemiplegia or 
paraplegia 

G04.1, G11.4, G80.1, G80.2, G81.x, G82.x, 
G83.0 - G83.4, G83.9

Renal disease I12.0, I13.1, N03.2 - N03.7, N05.2 - N05.7, 
N18.x, N19.x, N25.0, Z49.0 - Z49.2, Z94.0, 
Z99.2

Any malignancy C00.x - C26.x, C30.x - C34.x, C37.x 
- C41.x, C43.x, C45.x - C58.x, C60.x - 
C76.x, C81.x - C85.x, C88.x, C90.x - C97.x

Moderate or severe 
liver disease

I85.0, I85.9, I86.4, I98.2, K70.4, K71.1, 
K72.1, K72.9, K76.5, K76.6, K76.7

Metastatic solid 
tumour

C77.x - C80.x

AIDS/HIV B20.x - B22.x, B24.x

Mechanical 
ventilation

5A1935Z,5A1945Z,5A1955Z

Vasopressor use 3E030XZ, 3E033XZ, 3E040XZ, 3E043XZ, 
3E050XZ, 3E053XZ. 3E060XZ, 3E063XZ

ICU admission Mechanical Ventilation+Pressor Use

Sepsis R65.10, R65.11, R65.20

AKI N17.0, N17.1, N17.2, N17.8, N17.9
AKI, acute kidney injury; ICU, intensive care unit
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