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A B S T R A C T

Background: Pancreatitis, an inflammatory pancreatic disorder, arises from various etiologies including alcohol, 
tobacco, and drug use. Although the initiation of pancreatitis has been strongly linked to several medications, the 
association between analgesic use and pancreatitis risk remains ambiguous in population-based studies.
Methods: This prospective cohort study involved 324,982 participants from the UK Biobank. Multivariable- 
adjusted Cox proportional hazards models were conducted to evaluate the longitudinal association between 
incident pancreatitis risk and analgesics use, encompassing opioids, non-steroidal anti-inflammatory drugs 
(NSAIDs), paracetamol, antimigraine preparations, and the mix. Subgroup and sensitivity analyses were con
ducted to assess the potential effects of baseline factors.
Results: Over a median follow-up of 13.70 years, 2303 cases of pancreatitis were identified. In the fully adjusted 
model, analgesics utilization increased the risk of pancreatitis (HR 1.13, 95 % CI 1.04–1.23), acute pancreatitis 
(AP) (HR 1.11, 95 % CI 1.01–1.22), and chronic pancreatitis (CP) (HR 1.25, 95 % CI 1.00–1.56) (All the above p 
< 0.05). Furthermore, participants who used opioids presented the highest risk of pancreatitis (HR 1.85, 95 % CI 
1.49–2.31, p < 0.001), and the mixed group (HR 1.35, 95 % CI 1.21–1.51, p < 0.001) followed. Compared to the 
non-analgesics group, the risk of both AP and CP also increased in the opioids and the mixed group. Subgroup 
analysis indicated that the impact of analgesics utilization on the pancreatitis risk may vary with certain 
covariates, such as age, cholelithiasis, etc. (p-interaction <0.05).
Conclusion: In this large population-based prospective cohort, analgesics utilization, particularly opioids and 
mixed analgesics, was linked to an increased risk of pancreatitis.

1. Introduction

Pancreatitis is a multifactorial, progressive inflammatory condition 
of the pancreas, pathologically classified into acute pancreatitis (AP) 
and chronic pancreatitis (CP) based on their distinct clinical and path
ological courses. Globally, the incidence of AP is approximately 33.74 
cases per 100,000 individuals annually, while CP has an incidence rate 
of 9.62 cases per 100,000 [1]. Due to its considerable morbidity, mor
tality, and socioeconomic burden [2], pancreatitis is increasingly 
recognized as a critical public health issue. Despite advancements in 
medical technology, the prevention of pancreatitis remains challenging 
due to the complex etiologies involved.

Presently, identified risk factors for pancreatitis include gallstones, 
alcohol consumption, tobacco use, autoimmune diseases, drugs, etc. 

[3–5]. While the first three have been traditionally acknowledged as 
primary etiologies, there is growing evidence suggesting that medica
tions represent modifiable risk factors. Numerous studies have demon
strated that specific drugs, including antineoplastic agents, antibiotics, 
and analgesics, contribute to pancreatitis development [6–9].

Analgesics, as a common therapeutic drug, can be categorized into 
four types according to the Anatomical Therapeutic Chemical Classifi
cation System [10]: opioids, non-steroidal anti-inflammatory drugs 
(NSAIDs), paracetamol (also known as acetaminophen), and anti
migraine preparations. A prospective multicenter cohort study has 
indicated that opioid utilization exacerbates the severity of AP [11]. It 
has been reported that an overdose of paracetamol can induce pancre
atitis [12]. A series of reviews have identified certain analgesics, such as 
codeine and naproxen, as being linked to an increased risk of 
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pancreatitis [7,8,13]. However, there is a paucity of large prospective 
cohort studies investigating the relationship between analgesics utili
zation and the onset of pancreatitis.

In order to provide a novel insight into the prevention of pancreatitis, 
we conducted a population-based prospective cohort study utilizing data 
from the UK Biobank. This study aimed to investigate the association 
between analgesics utilization and the incidence of pancreatitis and to 
further explore the relationship between different types of analgesics 
and pancreatitis.

2. Methods

2.1. Study population

The UK Biobank (https://www.ukbiobank.ac.uk/) is a large pro
spective cohort study comprising over 500,000 participants aged 40 to 
69 years recruited between 2006 and 2010 [14]. It was approved by the 
National Health Service (NHS) North West Multi-Center Research Ethics 
Committee.

In this study, 502,364 participants were initially recruited from the 
UK Biobank. After excluding participants with incomplete medication 
information (n = 138,477), diagnosed with AP and CP at the same time 
(n = 521), diagnosed with pancreatitis at recruitment (n = 933), with 
prevalent cancer at recruitment (according to NHS cancer register) (n =
37,451), a total of 324,982 individuals were finally enrolled in this study 
(Fig. 1). These individuals were tracked until the occurrence of 
pancreatitis diagnosis, death, or the last follow-up, whichever came first.

2.2. Assessment of exposure

The type and number of medications taken were obtained through a 
verbal interview by a trained nurse in the UK Biobank (code 20003). 
Participants entered regular prescription medications in the question
naire under a nurse’s guidance, while short-term drugs, over-the- 
counter medications, doses, and formulations were not recorded. 
Detailed information regarding medication codes is available in 
Table S8. We initially stratified the population into dichotomous vari
ables based on analgesics use (non-analgesics utilization group and an
algesics utilization group). Participants who reported analgesics use 
were further divided into four single-drug use groups if they exclusively 
used one type of analgesics (the opioids group, the NSAIDs group, the 
paracetamol group, and the antimigraine preparations group) according 
to the Anatomical Therapeutic Chemical Classification System [10], 
whereas if participants used two or more types of analgesics, they were 
classified as a mixed group.

2.3. Ascertainment of pancreatitis

Pancreatitis was identified using the International Classification of 
Disease 9th and 10th Revisions (ICD-9 and ICD-10), as well as self- 
reported pancreatitis (code 1165) [15]. This classification encom
passed various forms of pancreatitis, including AP and CP. Detailed in
formation is available in Table S1.

2.4. Covariates

In accordance with the extant literature and prior research findings, 
a set of covariates was incorporated into this analysis [1,3,5,16–18]. 
Participants provided sociodemographic, lifestyle, and health-related 
information through touchscreen questionnaires and verbal interviews 
with a trained nurse. The sociodemographic characteristics included age 
(continuous), gender (female or male), ethnicity (white or non-white), 
education level (college or non-college), body mass index (BMI, 
continuous in kg/m2), and the Townsend deprivation index (TDI, 
continuous). The TDI score served as a surrogate measure for material 
socioeconomic deprivation [19]. Lifestyle factors included alcohol 

consumption (never or current), smoking status (never or ever), and 
physical activity levels (low, moderate, or high). Diseases associated 
with pancreatitis included cholelithiasis (yes or no) and diabetes (yes or 
no). Factors related to analgesic use included chronic pain and pain site. 
Chronic pain was operationally defined as pain persisting for at least 
three months, affecting at least one site or the entire body [20]. The 
number of pain sites was categorized into eight levels, ranging from "0" 
to "7 or all over". Detailed information on the covariates is available in 
Table S2.

2.5. Statistical analysis

We conducted comparative analyses of the baseline characteristics 
between participants in the non-analgesics utilization group and the 
analgesics utilization group, and further compared the differences 
among participants across different types of analgesics utilization. 
Baseline characteristics were reported as means with standard de
viations for continuous variables and as numbers with percentages for 
categorical variables. Missing data of the covariates were handled as 
follows: median imputation was applied to continuous variables, while 
categorical variables with < 3 % missingness were imputed using the 
maximum group. Categorical variables with ≥ 3 % missingness retained 
’missing’ as a distinct category.

The Cox proportional hazards model was utilized to evaluate the 
association between analgesics utilization and the risk of pancreatitis. 
Model 1 was adjusted for age, sex, ethnicity, education, and TDI. Model 
2 further adjusted for alcohol consumption, smoking status, and physical 
activity based on Model 1. Model 3, built upon Model 2, additionally 
incorporated adjustments for cholelithiasis and diabetes. Subsequently, 
to test effect modification of these covariates, subgroup analyses were 
conducted within Model 3 and fitted interaction terms between anal
gesic use and the aforementioned covariates. Additionally, we per
formed sensitivity analyses using the E-value approach to investigate the 
potential impact of unmeasured confounders on the association between 
analgesics utilization and the risk of pancreatitis [21]. This method 
evaluates the minimum strength of association that an unmeasured 
cofounder would need to have with both analgesics utilization and the 
risk of pancreatitis to account for the statistically significant effect 
observed in our study. The calculations were based on the hazard ratio 
(HR) derived from Model 3.

All statistical tests were two-tailed, with statistical significance 
defined as p < 0.05. Statistical analyses were conducted using R software 
(version 4.3.3).

3. Results

3.1. Baseline characteristics of the study population

Within the study cohort, 144,322 individuals (44.4 %) were included 
in the no analgesics group, while 180,660 (55.6 %) were in the anal
gesics group. Compared to the non-analgesics group, participants in the 
analgesics group were more likely to be male, previous or current 
smokers, and to have higher socioeconomic deprivation, BMI, diabetes, 
cholelithiasis, chronic pain incidence, a greater number of pain sites, 
and less physical activity. Conversely, the non-analgesics group had a 
higher proportion of current drinkers, participants of white ethnicity, 
and participants with a college degree (Table 1).

Among the analgesic groups, the largest number of participants 
utilized NSAIDs (n = 75,022), followed by those using mixed analgesics, 
paracetamol, opioids, and antimigraine preparations. Compared with 
other groups, participants in the opioid group were more likely to be 
older, previous or current smokers, more socioeconomically deprived, 
cholelithiasis patients, with higher BMI, less physically active, and a 
higher incidence of chronic pain. Detailed information is provided in 
Table S3.
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3.2. Analgesics utilization increases the risk of pancreatitis

Over a median follow-up period of 13.70 years (up to November 18, 
2022), 2303 pancreatitis cases were documented. Within the analgesic 
cohort, 1430 cases of pancreatitis were identified, comprising 1198 
cases of AP and 232 cases of CP. A positive association was observed 
between analgesics utilization and the risk of pancreatitis across all 
models, even though the strength of this association diminished with 
increased adjustment, from the minimally adjusted model (Model 1: HR 

1.28, 95 % CI 1.18–1.40, p < 0.001) to the fully adjusted model (Model 
3: HR 1.13, 95 % CI 1.04–1.23, p = 0.004). Similar trends were noted for 
both AP and CP (Table 2).

Further analysis was conducted to evaluate the association between 
types of analgesics utilization and the risk of pancreatitis, as illustrated 
in Fig. 2. The opioid group exhibited a higher risk of pancreatitis (HR 
1.85, 95 % CI 1.49–2.31), as did the mixed group (HR 1.35, 95 % CI 
1.21–1.51). Additionally, participants using opioids had a 73 % 
increased risk of AP (HR 1.73, 95 % CI 1.35–2.21) and a 166 % increased 

Fig. 1. Flowchart of the study participants.a

a The flowchart was drawn with Figdraw (https://www.figdraw.com/).
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risk of CP (HR 2.66, 95 % CI 1.59–4.44). Those using mixed analgesics 
had a 28 % increased risk of AP (HR 1.28, 95 % CI 1.14–1.45) and an 82 
% increased risk of CP (HR 1.82, 95 % CI 1.38–2.39).

3.3. Subgroup analysis of association between analgesics utilization and 
pancreatitis

Subgroup analyses revealed that the association between analgesic 
use and pancreatitis risk (including AP) was significantly modified by 
cholelithiasis (p-interaction = 0.003 and 0.004, respectively). Regarding 
the risk of CP, a significant interaction between analgesics utilization 
and age was identified (p-interaction = 0.007) (Table 3). Other associ
ations were not statistically significant. An increased risk of pancreatitis 
and AP was observed among participants without cholelithiasis. Addi
tionally, older adults (> 60 years) in the analgesics group showed a 
positive correlation with the risk of CP (Table 4).

Furthermore, we investigated the impact of covariates on the asso
ciation between types of analgesics utilization (the opioids group, the 
NSAIDs group, the paracetamol group, the antimigraine preparations 
group, and the mixed group) and the incidence of pancreatitis events 
(Table S4). Significant interactions were observed between types of 
analgesics utilization and both cholelithiasis and the number of pain 

sites concerning the risk of pancreatitis and AP (p-interaction < 0.05). 
Moreover, the impact of different types of analgesics utilization on the 
risk of CP was affected by age (p-interaction = 0.012).

Notably, an increased risk of pancreatitis was observed in partici
pants without cholelithiasis who used opioids, paracetamol, or mixed 
analgesics, as well as in those with multiple pain sites upon using opioids 
or mixed analgesics (Table S5). Similar findings were observed in AP, 
except for participants without cholelithiasis using paracetamol 
(Table S6). Additionally, an elevated risk of CP was evident in older 
adults using opioids, paracetamol, and mixed analgesics. Conversely, an 
inverse correlation was observed between NSAIDs utilization and the 
risk of CP in younger adults (≤ 60 years) (Table S7).

4. Discussion

In this extensive prospective cohort study involving 324,982 in
dividuals, we investigated the longitudinal association between anal
gesics utilization and the incidence of pancreatitis. Our findings 
indicated that the use of analgesics, particularly opioids and mixed an
algesics, was associated with an increased risk of pancreatitis.

Pancreatitis is an auto-digestive disease of the pancreas with multi
ple etiologies. Beyond traditional etiological factors, such as alcohol and 

Table 1 
Population characteristics at baseline categorized by analgesics utilization (n = 324,982).

Characteristics Overall (n = 324,982) Non-analgesics group (n = 144,322) Analgesics group (n = 180,660) p a

Age, years, mean (SD) 57.14 (7.99) 57.13 (7.83) 57.16 (8.11) 0.379
Female, n (%) 181,747 (55.90) 81,169 (56.20) 100,578 (55.70) 0.001
White, n (%) 307,176 (94.50) 136,870 (94.80) 170,306 (94.30) < 0.001
With college degree, n (%) 34,229 (10.50) 16,727 (11.60) 17,502 (9.70) < 0.001
TDI b − 1.23 (3.13) − 1.47 (2.99) − 1.04 (3.22) < 0.001
BMI, kg/m2, mean (SD) 27.84 (4.96) 27.22 (4.65) 28.33 (5.14) < 0.001
Current drinker, n (%) 296,405 (91.20) 133,611 (92.60) 162,794 (90.10) < 0.001
Never smoker, n (%) 174,168 (53.60) 82,298 (57.00) 91,870 (50.90) < 0.001
Physical activity c, n (%) ​ ​ ​ < 0.001

Low 51,075 (15.70) 21,004 (14.60) 30,071 (16.60) ​
Moderate 105,655 (32.50) 48,030 (33.30) 57,625 (31.90) ​
High 101,100 (31.10) 47,202 (32.70) 53,898 (29.80) ​
Missing 67,152 (20.70) 28,086 (19.50) 39,066 (21.60) ​

Diabetes, n (%) 22,855 (7.10) 6743 (4.70) 16,112 (9.00) < 0.001
Cholelithiasis, n (%) 6190 (1.90) 2322 (1.60) 3868 (2.10) < 0.001
Number of pain sites, n (%) ​ ​ ​ < 0.001

0 112,426 (34.60) 67,318 (46.60) 45,108 (25.00) ​
1 88,920 (27.40) 39,793 (27.60) 49,127 (27.20) ​
2 59,289 (18.20) 21,248 (14.70) 38,041 (21.10) ​
3 33,507 (10.30) 9539 (6.60) 23,968 (13.30) ​
4 15,507 (4.80) 3612 (2.50) 11,895 (6.60) ​
5 6089 (1.90) 1090 (0.80) 4999 (2.80) ​
6 1825 (0.60) 296 (0.20) 1529 (0.80) ​
7 or all over 7419 (2.30) 1426 (1.00) 5993 (3.30) ​

Chronic pain, n (%) 159,772 (49.20) 51,560 (35.70) 108,212 (59.90) < 0.001

Abbreviations: SD, standard deviation; TDI, Townsend deprivation index; BMI, body mass index; IPAQ, International Physical Activity Questionnaire; NSAIDs, non- 
steroidal anti-inflammatory drugs.

a P values were calculated by Chi-square tests (categorical variables) or F-tests (continuous variables).
b Participants were divided into tertiles based on the TDI.
c Physical activity was measured by IPAQ.

Table 2 
The association between analgesics utilization and risk of pancreatitis.

Person-years Events (n) Model 1 Model 2 Model 3

HR (95 % CI) p HR (95 % CI) p HR (95 % CI) p E value

Pancreatitis 2395,760 1430 1.28 (1.18, 1.40) <0.001 ​ 1.17 (1.07, 1.27) <0.001 ​ 1.13 (1.04, 1.23) 0.004 1.51 (1.24)
AP 2393,920 1198 1.26 (1.15, 1.38) <0.001 ​ 1.14 (1.04, 1.25) 0.006 ​ 1.11 (1.01, 1.22) 0.024 1.46 (1.11)
CP 2386,703 232 1.41 (1.13, 1.75) 0.002 ​ 1.34 (1.07, 1.67) 0.009 ​ 1.25 (1.00, 1.56) 0.049 1.81 (1.00)

Abbreviations: HR, hazard ratio; CI, confidence interval; AP, acute pancreatitis; CP, chronic pancreatitis.
Model 1 was adjusted for age, sex, ethnicity, education, and Townsend deprivation index.
Model 2 was adjusted for age, sex, ethnicity, education, Townsend deprivation index, alcohol consumption status, smoking status, and physical activity.
Model 3 was adjusted for age, sex, ethnicity, education, Townsend deprivation index, alcohol consumption status, smoking status, physical activity, cholelithiasis, and 
diabetes.
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tobacco use, certain medications have also been implicated. Notably, 
although analgesics are conventionally used to manage pain in pancre
atitis, emerging evidence suggests their potential role in disease initia
tion [7,8,11,12]. However, the current evidence linking medications to 
pancreatitis is primarily observational and of low quality. A systematic 
review utilized evidence-based classification criteria for drug-induced 
acute pancreatitis, and analgesics were notably absent from the 
high-confidence categories [22].

As a large population-based prospective cohort study, our study ex
pands upon existing evidence, representing the first to thoroughly 
examine the association between analgesics (as well as different types of 
analgesics) and pancreatitis. Additionally, the findings of this study aid 
in differentiating between AP and CP. The analysis accounted for 
covariates to minimize the influence of confounding factors. Subgroup 
analyses were also performed to assess the interactive effects between 
exposure factors and covariates.

In the analysis utilizing Cox proportional hazards models, we found 

that analgesics utilization increased the risk of pancreatitis. This asso
ciation persisted even after adjusting for potential confounding vari
ables. Previous reviews have synthesized existing literature on the 
etiology of pancreatitis [6–8,13], compiling case reports of 
drug-induced pancreatitis linked to various pharmacological agents, 
including antineoplastic drugs, antibiotics, analgesics, etc. However, it is 
important to note that the list of analgesics in these reviews is not 
exhaustive, with paracetamol and combinations of medications being 
the primary examples provided [12,23]. In contrast to these studies, our 
study offers a more comprehensive analysis of the association between 
analgesics utilization and the risk of pancreatitis, and provides a thor
ough examination of the types of analgesics utilization.

In analyzing the association between specific analgesics and the risk 
of pancreatitis, a stronger correlation was observed in individuals using 
opioids compared to those not using analgesics. These findings align 
with previous studies, as four cases have reported that AP was associated 
with codeine intake, with cases indicating the recurrence of pancreatitis 
due to opioid use [24]. Additionally, two prospective cohort studies 
have identified an association between prolonged opioid exposure and 
the severity of AP in diagnosed patients, but a causal relationship has not 
yet been established [11,25]. Notably, our study focused on the onset of 
pancreatitis, investigating the relationship between opioid use and the 
risk of developing pancreatitis. While opioids may benefit AP patients by 
alleviating pain-induced stress responses, their use in unaffected pop
ulations could potentially increase the risk of pancreatitis. Mechanisti
cally, opioid agonist receptors induce the contraction of sphincter of 
Oddi, leading to elevated pressure within the bile and pancreatic ducts, 
which may result in bile reflux. This refluxed bile can activate pancreatic 
enzymes, potentially causing inflammation and necrosis of pancreatic 
tissue [26–29]. We propose that this mechanism may contribute to the 
development of pancreatitis associated with opioid use. Additionally, 
opioids can also affect gastrointestinal motility, potentially impacting 
the overall function of the digestive system [30]. Our findings also 
indicated that the use of mixed analgesics was associated with an 
increased risk of pancreatitis. Two case reports indicate that a combi
nation of acetaminophen and codeine may induce AP, complicating the 
identification of the specific causative medication [23].

Fig. 2. Association between types of analgesics utilization and risk of pancreatitis 
Notes: Model was adjusted for age, sex, ethnicity, education, Townsend deprivation index, alcohol consumption status, smoking status, physical activity, choleli
thiasis, and diabetes. 
Abbreviations: HR, hazard ratio; CI, confidence interval.

Table 3 
P-interaction values between various subgroups and analgesics utilization.

P values for interaction

Pancreatitis Acute 
pancreatitis

Chronic 
pancreatitis

Age 0.160 0.692 0.007
Gender 0.721 0.895 0.080
Ethnicity 0.635 0.420 0.504
Education 0.896 0.725 0.667
TDI 0.945 0.856 0.706
BMI 0.155 0.076 0.178
Alcohol 

consumption
0.400 0.825 0.129

Smoking status 0.285 0.599 0.180
Physical activity 0.935 0.984 0.601
Diabetes 0.149 0.149 0.647
Cholelithiasis 0.003 0.004 0.531
Chronic pain 0.602 0.826 0.475
Number of pain site 0.456 0.721 0.169

Abbreviations: TDI, Townsend deprivation index; BMI, body mass index.
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In subgroup analysis, we found that age, cholelithiasis, and the 
number of pain sites influenced the association between analgesics and 
pancreatitis events. Compared to younger adults (≤ 60 years), older 
adults (> 60 years) had a higher risk of developing CP when using 
opioids, paracetamol, or mixed analgesics. The deterioration of organ 
function and the senescence of tissue cells increase the susceptibility of 
older adults to pancreatitis. Numerous studies suggest that age is a sig
nificant contributing factor to pancreatitis, with severe cases occurring 
more frequently in the elderly [31–34]. These findings align with our 
results. Additionally, our observations indicated that individuals 
without cholelithiasis exhibited an elevated risk of developing pancre
atitis and AP when using opioids or mixed analgesics. In contrast, this 
significant association was not observed in individuals with cholelithi
asis. Gallstones are among the most prevalent risk factors for pancrea
titis [35], as they can obstruct the pancreatic duct, leading to increased 
pressure and the release of enzyme-rich fluid into the pancreas [36]. The 
absence of a significant association in individuals with cholelithiasis 
may be attributed to the fact that, compared to gallstones, which are 
well-established high-risk factors for pancreatitis, the relationship be
tween analgesics and pancreatitis is less pronounced. Moreover, our 
findings suggested that individuals experiencing pain in multiple sites 
were at an elevated risk of developing pancreatitis as well as AP. A 
possible explanation for this is that pain may be associated with the 

release of inflammatory factors, potentially leading to inflammation of 
pancreatic tissue. Alternatively, the presence of more than five stratifi
cation factors in this subgroup analysis may increase the influence of 
random factors, thereby affecting the confidence in the results.

This study is subject to several limitations. Firstly, despite adjust
ments for some confounders, residual confounders cannot be excluded. 
For instance, patients with multimorbidity who require analgesics may 
possess an inherently elevated risk of pancreatitis due to systemic 
inflammation [37,38], and opioid users frequently present with co
morbid alcohol misuse, a recognized risk factor for pancreatitis [39,40]. 
To account for these potential confounding variables, we performed 
subgroup analyses based on covariates such as alcohol consumption 
status, chronic pain, diabetes, and cholelithiasis. Additionally, in our 
sensitivity analysis, the E-value methodology suggested that the HR 
(1.13, 95 % CI 1.04–1.23) for incident pancreatitis could only be 
attributed to an unmeasured confounder associated with both analgesic 
use and the risk of pancreatitis by a risk ratio exceeding 1.51, surpassing 
the influence of the confounders measured in this study (Table 2). The 
corresponding E-value indicated that an unmeasured confounder could 
not be sufficient to the negate the effects of analgesic use on pancreatitis 
risk in this study. Secondly, the participants in the UK Biobank are 
volunteers aged 40–69 years, which may introduce selection bias and 
limit the generalizability of the findings. Further research is needed 

Table 4 
Association between analgesics utilization and pancreatitis according to different subgroups.

HR (95 % CI)

Pancreatitis Acute pancreatitis Chronic pancreatitis

Age (years) ​ ​ ​
≤ 60 1.05 (0.92, 1.19) 1.07 (0.94, 1.23) 0.91 (0.66, 1.26)
> 60 1.22 (1.08, 1.38) 1.16 (1.02, 1.32) 1.65 (1.20, 2.26)

Gender ​ ​ ​
Female 1.16 (1.02, 1.31) 1.12 (0.98, 1.27) 1.60 (1.08, 2.39)
Male 1.11 (0.99, 1.26) 1.11 (0.97, 1.28) 1.11 (0.85, 1.45)

Ethnicity ​ ​ ​
White 1.13 (1.04, 1.23) 1.11 (1.01, 1.22) 1.27 (1.01, 1.60)
Non-white 1.19 (0.78, 1.80) 1.26 (0.78, 2.02) 0.95 (0.38, 2.32)

Education ​ ​ ​
College 1.08 (0.82, 1.42) 1.04 (0.77, 1.40) 1.25 (0.62, 2.52)
Non-college 1.14 (1.04, 1.25) 1.12 (1.02, 1.24) 1.24 (0.98, 1.57)

TDI a ​ ​ ​
T1 1.14 (0.98, 1.34) 1.16 (0.98, 1.37) 1.05 (0.68, 1.61)
T2 1.10 (0.95, 1.28) 1.05 (0.90, 1.23) 1.48 (0.98, 2.23)
T3 1.17 (1.01, 1.35) 1.15 (0.98, 1.35) 1.25 (0.89, 1.75)

BMI (kg/m2) ​ ​ ​
≤ 25 1.13 (0.94, 1.36) 1.18 (0.96, 1.46) 1.00 (0.68, 1.45)
>25 1.14 (1.03, 1.25) 1.10 (0.99, 1.22) 1.41 (1.07, 1.87)

Alcohol consumption ​ ​ ​
Never 1.09 (0.85, 1.40) 1.14 (0.86, 1.51) 0.90 (0.52, 1.57)
Current 1.14 (1.04, 1.25) 1.11 (1.01, 1.23) 1.32 (1.04, 1.69)

Smoking status ​ ​ ​
Never 1.06 (0.93, 1.20) 1.07 (0.94, 1.22) 0.97 (0.68, 1.38)
Ever 1.20 (1.07, 1.35) 1.16 (1.01, 1.32) 1.45 (1.09, 1.93)

Physical activity b ​ ​ ​
Low 1.17 (0.96, 1.43) 1.12 (0.90, 1.38) 1.55 (0.92, 2.61)
Moderate 1.14 (0.98, 1.33) 1.12 (0.94, 1.32) 1.28 (0.88, 1.87)
High 1.14 (0.96, 1.34) 1.13 (0.94, 1.35) 1.20 (0.78, 1.85)

Cholelithiasis ​ ​ ​
No 1.17 (1.07, 1.28) 1.15 (1.04, 1.27) 1.26 (1.00, 1.59)

∃Yes 0.92 (0.72, 1.18) 0.91 (0.70, 1.17) 1.13 (0.50, 2.57)
Diabetes ​ ​ ​
∃No 1.14 (1.04, 1.25) 1.13 (1.02, 1.24) 1.24 (0.97, 1.59)
∃Yes 1.03 (0.79, 1.34) 0.96 (0.71, 1.30) 1.28 (0.77, 2.14)
Chronic pain ​ ​ ​
∃No 1.03 (0.91, 1.18) 1.04 (0.90, 1.19) 1.03 (0.73, 1.45)
∃Yes 1.12 (0.99, 1.26) 1.10 (0.96, 1.25) 1.23 (0.90, 1.67)
Number of pain site ​ ​ ​

No 0.96 (0.82, 1.13) 0.97 (0.81, 1.16) 0.94 (0.62, 1.42)
∃≥1 1.14 (1.02, 1.26) 1.11 (0.99, 1.25) 1.28 (0.97, 1.69)

Abbreviations: HR, hazard ratio; CI, confidence interval; TDI, Townsend deprivation index; BMI, body mass index.
a Participants were divided into tertiles based on the TDI.
b Physical activity was measured by IPAQ.
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across different age cohorts to enhance the robustness of these conclu
sions. Thirdly, due to the lack of granular detail of dosage and frequency 
of analgesics utilization in the UK Biobank, further investigations need 
to be conducted to figure out the impacts of the dosage and frequency of 
analgesics utilization on the risk of pancreatitis. Although the HRs 
observed in this study remained modest, the extensive utilization of 
analgesics underscores their significant public health implications [41, 
42]. Consequently, clinicians should consider enhanced monitoring for 
pancreatitis in patients using opioids and mixed analgesics.

5. Conclusions

In conclusion, the findings of this large population-based prospective 
cohort study demonstrated a positive correlation between analgesics 
utilization and the risk of pancreatitis. A more pronounced association 
was observed among individuals who used opioids. Given the consid
erable morbidity associated with pancreatitis, these findings suggest a 
promising strategy for mitigating the incidence of this condition. Further 
experimental research is required to validate or challenge the observed 
association between analgesics utilization and pancreatitis risk and to 
explore the underlying mechanisms involved.
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