
 Cho, et al: Gout and diabetes mellitus 917

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2020. All rights reserved. Personal non-commercial use only. The Journal of Rheumatology Copyright © 2020. All rights reserved.

Relationship between Gout and Diabetes Mellitus 
after Acute Pancreatitis: A Nationwide Cohort Study
Jaelim Cho, Nicola Dalbeth, and Maxim S. Petrov

ABSTRACT.	 Objective. After acute pancreatitis, individuals often have low-grade inflammation, and subsequently 
develop metabolic sequelae such as post-pancreatitis diabetes mellitus (PPDM). Although numerous 
studies have investigated the relationship between gout and type 2 diabetes, little is known about the 
relationship between gout and PPDM. The aim was to investigate the associations between gout and 
PPDM.

	 Methods. Using nationwide pharmaceutical dispensing data linked to hospital discharge data in New 
Zealand, gout and PPDM were identified among individuals after first episode of acute pancreatitis 
between January 1, 2007, and December 31, 2015. Multivariable Cox regression analyses were 
conducted, adjusting for age, sex, ethnicity, social deprivation index, alcohol consumption, tobacco 
smoking, comorbidities, medications (glucocorticoids, statins, and estrogens), and characteristics of 
acute pancreatitis.

	 Results. A total of 10,117 individuals were included in the analysis of risk for gout and 9471 in the 
analysis of risk for PPDM. PPDM was significantly associated with a higher risk of gout in the overall 
cohort (adjusted HR 1.88, 95% CI 1.15–3.06) and women (2.72, 95% CI 1.31–5.65), but not in men 
(1.42, 95% CI 0.73–2.78). Preexisting gout was significantly associated with a higher risk of PPDM 
in the overall cohort (adjusted HR 1.58, 95% CI 1.04–2.41) and women (2.66, 95% CI 1.29–5.49), 
but not in men (1.31, 95% CI 0.78–2.20). 

	 Conclusion. The relationship between gout and PPDM is bidirectional in the post-pancreatitis 
setting. A history of gout is a risk factor of PPDM, particularly in women. (First Release April 1 2020;  
J Rheumatol 2020;47:917-23; doi:10.3899/jrheum.190487)

	 Key Indexing Terms:
	 GOUT       DIABETES      INFLAMMATION      PANCREAS       POPULATION-BASED STUDY

From the School of Medicine, University of Auckland, Auckland, New 
Zealand. 
This study was part of the Clinical and epidemiOlogical inveStigations 
in Metabolism, nutritiOn, and pancreatic diseaseS (COSMOS) program. 
COSMOS is supported, in part, by the Royal Society of New Zealand 
(Rutherford Discovery Fellowship to Associate Professor Max Petrov).
J. Cho, MD, MPH, School of Medicine, University of Auckland;  
N. Dalbeth, MBChB, MD, School of Medicine, University of Auckland; 
M.S. Petrov, MD, MPH, PhD, School of Medicine, University of Auckland.
Address correspondence to Associate Professor M.S. Petrov, Room 
12.085A, Level 12, Auckland City Hospital, Auckland 1023, New Zealand. 
E-mail: max.petrov@gmail.com
Accepted for publication September 24, 2019.

Diabetes mellitus (DM) is a major cause of the global disease 
burden. The number of adults with DM in 2014 alone was 
422 million1, with the global economic burden estimated at 
US$1.3 trillion2. In the past decade, there has been growing 
evidence of the bidirectional association between type 2 
diabetes and gout, as well as possible sex differences3,4,5,6,7,8. 
Several population-based studies demonstrated that gout 
is associated with a higher risk for type 2 diabetes in the 
general population5,8. These studies also showed that women 
have a significantly higher risk for type 2 diabetes compared 
with men (1.5 vs 1.2 times in the United Kingdom5; 2.0 vs 
1.6 times in Taiwan8). By contrast, several population-based 

studies demonstrated that type 2 diabetes is associated with 
a lower risk for gout6,7,9. A study from the United Kingdom 
reported that individuals with type 2 diabetes were at a 31% 
lower risk for gout compared with those without diabetes6. A 
study from Singapore demonstrated that type 2 diabetes was 
associated with a 23% lower risk for gout7. These studies 
also showed that the reduced risk for gout related to type 2 
diabetes was significant only in men6,7,9. 
	   Acute pancreatitis is the most common disease of the 
exocrine pancreas, with the incidence of 33.7 cases per 
100,000 person-years worldwide10. While the old belief 
was that acute pancreatitis is a self-limiting disease, recent 
research has shown that individuals after acute pancreatitis 
often experience metabolic sequelae11. In particular, up 
to 40% of individuals after first episode of acute pancre-
atitis develop post-pancreatitis DM (PPDM)12. PPDM 
is the most common subtype of diabetes of the exocrine 
pancreas, which is in turn the second most common type of 
new-onset diabetes in adults13,14,15 and is known to lead to 
higher risks of mortality and hospitalization compared with 
type 2 diabetes16,17. Despite growing evidence of the asso-
ciation between type 2 diabetes and gout, to the best of our 
knowledge, no study to date has investigated the association 
between PPDM and gout in the post-pancreatitis setting. 
Given the association between type 2 diabetes and gout in 
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previous literature, we hypothesized that PPDM is bidi-
rectionally associated with gout in individuals after acute 
pancreatitis. 
	 Our present study aimed to investigate the association 
between PPDM and gout among individuals following acute 
pancreatitis using a nationwide cohort.

MATERIALS AND METHODS
Data sources. The Ministry of Health Analytical Services (National Health 
Board, New Zealand) provided nationwide pharmaceutical dispensing data 
linked to hospital discharge and mortality data. The data included age, sex, 
ethnicity, area of residence, diagnostic codes, date of admission, and date 
and chemical name of subsidized prescriptions from primary to tertiary 
healthcare. All individuals were deidentified, so ethics approval was not 
required in accordance with the Ministry of Health guidelines. 
Study cohort. The selection process is shown in Supplementary Figure 1 
(available from the authors on request). Our present study followed people 
20 years of age or older who were first admitted for acute pancreatitis 
[International Classification of Diseases, 10th revision (ICD-10), K85] as a 
primary diagnosis between January 1, 2006, and December 31, 2015. Date 
of the first admission for acute pancreatitis was set as index date. To inves-
tigate the association between PPDM and risk for gout, individuals without 
preexisting gout on the index date were included. In this analysis, the expo-
sure was PPDM and the endpoint was the development of gout after the 
index date. To investigate the association between gout and risk for PPDM, 
individuals without preexisting diabetes on the index date were included. 
In this analysis, the exposure was the presence of gout prior to the index 
date and the endpoint was the development of PPDM after the index date.
Identification of gout and PPDM. Identification of gout was, in line 
with previous literature18, based on admission for gout (ICD-10, M10) 
or dispensing records of allopurinol or colchicine for gout, whichever 
came first. Allopurinol is often prescribed for patients with leukemia and 
lymphoma (ICD-10, C80-C96), so diagnosis of the diseases followed by 
dispensing records of allopurinol within 24 months was excluded from 
prescriptions of allopurinol for gout18. Individuals with diagnosis of gout or 
dispensing records of allopurinol or colchicine prior to or on the index date 
were considered as having preexisting gout.
	 PPDM was defined as admission for DM (ICD-10, E10, E11, and E13) 
and/or dispensing records of metformin 90 days after the index date (to 
rule out preexisting DM or stress-induced hyperglycemia), whichever came 
first11,19,20. We used only dispensing records of metformin, because the drug 
is the first-line therapy for type 2 diabetes. Severe liver disease (which is 
a contraindication for metformin) is rare in the post-pancreatitis setting21. 
Subjects with a diagnosis of DM or dispensing records of metformin 
prior to or within 90 days after the index date were considered to have  
preexisting diabetes. 
Covariates. Alcohol consumption (ICD-10, F10) and tobacco smoking 
(Z720; Z8643; Z87.891) were defined as presence of the relevant diagnostic 
codes in any position between 1998 and 2015. Ethnicity was categorized 
as European, Māori, Pacific Islander, Asian, and others. Social deprivation 
index (based on area of residence) was classified into quartiles (the highest 
as the most deprived)22. Charlson Comorbidity Index was calculated 
using ICD-10 codes in line with the previous literature23. Identification of 
individuals with previous hypertriglyceridemia was based on the relevant 
diagnostic code (ICD-10, E78.1) in any position on or prior to the index 
date. We also identified individuals who have dispensing records of the 
following medications on or prior to the index date: oral glucocorticoids, 
oral estrogen (for hormone replacement therapy), and statins. 
	 Characteristics of acute pancreatitis included pancreatic cyst during 
followup, etiology, severity, and recurrence. Presence of pancreatic 
cyst during followup was defined as having the relevant diagnostic code 
(ICD-10, K86.2) in any position after the index date and until the end 
of followup. Gallstone acute pancreatitis was defined, in line with the 

previous literature22, as having diagnostic codes of gallstones and/or chole-
cystitis during the previous 3 years prior to or on the index date. Severe 
acute pancreatitis was defined, in line with the previous literature24, as 
having diagnostic codes of organ failure and/or infection during or within 
a 3-month period after the index date. Recurrent acute pancreatitis was 
defined as having 2 or more admissions for acute pancreatitis as a primary 
diagnosis. Hospital readmission within 30 days after the first episode of 
acute pancreatitis was not regarded as a new episode of acute pancreatitis22. 
Statistical analysis. All analyses were performed using SAS version 9.4 
(SAS Institute Inc.). T tests (for continuous variables) and chi-square 
tests (for categorical variables) were performed to examine differences in 
the characteristics between individuals with and without each endpoint. 
Cumulative incidence curves were created to compare proportions of 
individuals who developed gout (stratified by the presence of PPDM) and 
proportions of individuals who developed PPDM (stratified by presence of 
preexisting gout), with log-rank tests. To estimate the risk for gout related 
to PPDM and vice versa, multivariable Cox regression analyses were 
conducted. The assumption of proportional hazards over time was evalu-
ated using graphical methods and fulfilled only in the analysis for the asso-
ciation between gout and risk for PPDM. Therefore, in the analysis for the 
association between PPDM and risk for gout, nonproportional Cox regres-
sion analysis was used, in which PPDM was treated as a time-dependent 
variable. In the time-dependent Cox regression analysis, individuals were 
classified as those without PPDM during the time from start of followup to 
their development of PPDM, from which point they were then reclassified 
as those with PPDM until the end of followup25. Model 1 was adjusted for 
age and sex. Model 2 was adjusted for age, sex, ethnicity, social deprivation 
index, alcohol consumption, tobacco smoking, and Charlson Comorbidity 
Index. In model 3, previous hypertriglyceridemia, oral glucocorticoid 
therapy, statin therapy, estrogen replacement therapy (only in women), 
and characteristics of acute pancreatitis (pancreatic cyst, etiology, severity, 
and recurrence) were adjusted for in addition to the covariates of model 2. 
The same analyses were conducted after stratification by sex. The risk was 
expressed as HR and 95% CI.

RESULTS
Characteristics of study individuals without preexisting 
gout. A total of 10,117 individuals were followed for  
3.9 ± 2.8 years. Of these, 2.2% (n = 219) of the individ-
uals developed gout during followup (Table 1). The mean 
± SD ages were 62.1 ± 16.5 years and 55.8 ± 19.2 years 
in those with and without incident gout, respectively  
(p < 0.001). Men accounted for 62.1% (n = 136) of those with 
incident gout and 45.7% (n = 4525) of those without inci-
dent gout (p < 0.001). Individuals who were most socially 
deprived (quartile 4) accounted for 36.5% (n = 80) of those 
with incident gout and 26.5% (n = 2622) of those without 
incident gout (p = 0.003). Characteristics of the study indi-
viduals without preexisting gout stratified by PPDM status 
are presented in Supplementary Table 1 (available from the 
authors on request).
PPDM and risk of gout. Individuals with PPDM had a 
higher proportion of gout (3.3%, n = 19 out of 583) than 
those without PPDM (2.1%, n = 200 out of 9534; Figure 
1A; Supplementary Figure 2A, available from the authors 
on request). After adjusting for age and sex (model 1), indi-
viduals with PPDM were at a significantly higher risk for 
gout than those without PPDM (HR 2.20, 95% CI 1.36‑3.56; 
Table 2). After adding the other covariates to model 1, 
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Table 1. Characteristics of study subjects stratified by gout (outcome) status.

Characteristics	                          Total, n = 10,117	                        Without Incident 	                     With Incident 	 p
			                         Gout, n = 9898	                        Gout, n = 219
	
Age, yrs, mean (SD)	 55.9	 (19.1)	 55.8	 (19.2)	 62.1	 (16.5)	 < 0.001
Men	 4661	 (46.1)	 4525	 (45.7)	 136	 (62.1)	 < 0.001
Ethnicity							       < 0.001

European	 7225	 (71.4)	 7097	 (71.7)	 128	 (58.5)	
Māori	 1429	 (14.1)	 1382	 (14.0)	 47	 (21.5)	
Pacific Islanders	 555	 (5.5)	 525	 (5.3)	 30	 (13.7)	
Asian	 566	 (5.6)	 558	 (5.6)	 8	 (3.7)	
Others	 342	 (3.4)	 336	 (3.4)	 6	 (2.7)	

Social deprivation index							       0.003
Quartile 1	 2631	 (26.0)	 2594	 (26.2)	 37	 (16.9)	
Quartile 2	 1811	 (17.9)	 1774	 (17.9)	 37	 (16.9)	
Quartile 3	 2343	 (23.2)	 2289	 (23.1)	 54	 (24.7)	
Quartile 4 (most deprived)	 2702	 (26.7)	 2622	 (26.5)	 80	 (36.5)	
Missing	 630	 (6.2)	 619	 (6.3)	 11	 (5.0)	

Smoking	 4789	 (47.3)	 4671	 (47.2)	 118	 (53.9)	 0.058
Alcohol consumption	 917	 (9.1)	 893	 (9.0)	 24	 (11.0)	 0.39
Charlson Comorbidity Index, mean (SD)	 0.1	 (0.6)	 0.1	 (0.6)	 0.2	 (0.7)	 0.21
Hypertriglyceridemia	 44	 (0.4)	 42	 (0.4)	 2	 (0.9)	 0.57
Oral glucocorticoid therapy	 2959	 (29.3)	 2862	 (28.9)	 97	 (44.3)	 < 0.001
Statin therapy	 3106	 (30.7)	 2999	 (30.3)	 107	 (48.9)	 < 0.001
Estrogen therapy (out of women)	 117	 (2.1)	 115	 (2.1)	 2	 (0.9)	 0.02
Pancreatic cyst during followup	 13	 (0.1)	 11	 (0.1)	 2	 (0.9)	 0.02
Gallstone acute pancreatitis							       0.089

Yes	 3053	 (30.2)	 2975	 (30.1)	 78	 (35.6)	
No	 7064	 (69.8)	 6923	 (69.9)	 141	 (64.4)	

Severe acute pancreatitis							       0.33
Yes	 1109	 (11.0)	 1080	 (10.9)	 29	 (13.2)	
No	 9008	 (89.0)	 8818	 (89.1)	 190	 (86.8)	

Recurrent acute pancreatitis							       0.34
Yes	 1113	 (11.0)	 1084	 (11.0)	 29	 (13.2)	
No	 9004	 (89.0)	 8814	 (89.0)	 190	 (86.8)	

P values were from t tests (for continuous variables) and chi square tests (for categorical variables) between individuals with and without incident gout. Values 
are n (%) unless otherwise specified. 

Figure 1. Cumulative incidence of (A) gout after acute pancreatitis stratified by the presence/absence of post-pancreatitis diabetes mellitus, and (B) post‑pan-
creatitis diabetes mellitus stratified by the presence/absence of preexisting gout. PPDM: post-pancreatitis diabetes mellitus. 
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the association remained significant (HR 1.88, 95% CI  
1.16–3.05 in model 2; HR 1.88, 95% CI 1.15–3.06 in model 
3). In the analysis stratified by sex, the proportion of inci-
dent gout among individuals with PPDM was 3.3% (10 out 
of 308) and 3.3% (9 out of 275) in men and women, respec-
tively. In the multivariable analyses, PPDM was signifi-
cantly associated with a higher risk for gout in all the models 
among women only (Table 2). 
Characteristics of study individuals without preexisting 
diabetes. A total of 9471 individuals were followed for 
3.8 ± 2.8 years. Of these, 5.9% (n = 558) of the individ-
uals developed PPDM (Table 3). The mean ± SD ages were 
56.6 ± 17.3 years in individuals with PPDM and 56.0 ± 19.5 
years in those without PPDM (p = 0.47). Men accounted 
for 54.8% (n = 306) of those with PPDM and 47.1%  
(n = 4200) of those without PPDM (p < 0.001). The propor-
tions of individuals with the highest social deprivation index 
were 33.7% (n = 188) and 25.2% (n = 2243) in those with and 
without PPDM, respectively (p < 0.001). Characteristics of 
the study individuals without preexisting diabetes stratified 
by preexisting gout status are presented in Supplementary 
Table 2, (available from the authors on request).
Preexisting gout and risk for PPDM. People with pre-
existing gout had a higher proportion of PPDM (9.1%,  
n = 24 out of 265) than those without preexisting gout (5.8%, 
n = 534 out of 9206; Figure 1B; Supplementary Figure 2B, 
available from the authors on request). After adjusting for 
age and sex, subjects with preexisting gout had a signifi-
cantly higher risk for PPDM than those without preexisting 
gout (HR 1.94, 95% CI 1.28–2.93; Table 4). After adding 
the other covariates to model 1, the association between 

preexisting gout and PPDM remained significant (HR 1.57, 
95% CI 1.03–2.38 in model 2; HR 1.58, 95% CI 1.04–2.41 
in model 3). In the analysis stratified by sex, the proportion 
of PPDM among individuals with preexisting gout was 8.6% 
(16 out of 186) and 10.1% (8 out of 79) in men and women, 
respectively. In the multivariable analyses, preexisting gout 
was significantly associated with a higher risk for PPDM in 
all the models only among women (Table 4).

DISCUSSION
To our knowledge, our present study is the first to inves-
tigate the bidirectional association between DM and gout 
following acute pancreatitis, a common inflammatory disease 
frequently accompanied by new-onset metabolic sequelae11. 
By using a nationwide database, selection bias was mini-
mized. In addition, using pharmaceutical dispensing data 
covering primary to tertiary healthcare enabled us to reliably 
identify individuals with gout, who are often first diagnosed 
in the community. The main finding in our present study is 
that patients with PPDM were at a 1.9 times significantly 
higher risk for gout, whereas those with preexisting gout 
were at a 1.6 times significantly higher risk for PPDM in 
the overall cohort after adjusting for potential confounders. 
Further, women with PPDM were at a 2.7 times significantly 
higher risk for gout, and women with preexisting gout were 
at a 2.7 times significantly higher risk for PPDM. 
	 Several population-based studies have investigated the 
association between type 2 diabetes and risk for gout6,7,9. 
The present study found a significant association between 
PPDM and a higher risk for gout in the overall cohort, 
which is somewhat inconsistent with the studies reporting 
the association between type 2 diabetes and the lower risk 
for gout6,7. We also found a significant association between 
PPDM and a higher risk for gout among women, whereas 
previous studies showed null association between type 2 
diabetes and gout in women6,7. One of the reasons for the 
discordant findings might be the methodological differences 
in identifying individuals with gout. The 2 previous studies 
defined gout as diagnosis in either primary care only6 or 
self-report7, whereas the present study used dispensing data 
on urate-lowering agents (longterm treatment for gout) in 
primary to tertiary care as well as hospital admission data 
on gout. This approach may have enabled us to minimize 
the selection bias and recall bias. Another reason for the 
discrepancy may relate to the different study populations. 
The previous studies targeted general populations, whereas 
our present study included individuals after acute pancre-
atitis only. Moreover, our cohort included more diverse 
ethnic populations (NZ European, Māori, Pacific, and Asian) 
compared with the previous studies. Given the known high 
heritability of serum urate levels (between 40–70%26,27,28) 
and taking into account the role of gene–environment inter-
actions in the risk of gout29, it is conceivable that certain 
ethnic groups in our study population might have been more 

Table 2. Association between post-pancreatitis diabetes mellitus and risk 
for gout after first episode of acute pancreatitis. 

Variables	 HR (95% CI)

Overall	
	 Model 1	 2.20 (1.36–3.56)
	 Model 2	 1.88 (1.16–3.05)
	 Model 3	 1.88 (1.15–3.06)
Men	
	 Model 1	 1.63 (0.85–3.15)
	 Model 2	 1.39 (0.72–2.68)
	 Model 3	 1.42 (0.73–2.78)
Women	  
	 Model 1	 3.57 (1.76–7.24)
	 Model 2	 3.01 (1.47–6.20)
	 Model 3	 2.72 (1.31–5.65)

HR (95% CI) was from time-dependent Cox regression models. Model 1: 
adjusted for age and sex (only in the overall analysis). Model 2: adjusted 
for the model 1 variables plus ethnicity, social deprivation index, smoking, 
alcohol consumption, and Charlson Comorbidity Index. Model 3: adjusted 
for the model 2 variables plus hypertriglyceridemia, oral glucocorticoid 
therapy, statin therapy, estrogen replacement therapy (women only), 
pancreatic cyst during followup, and etiology, severity, and recurrence of 
acute pancreatitis.
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predisposed to gout. Larger studies are warranted to eluci-
date genetic and ethnic variations in the association between 
PPDM and risk for gout. It is interesting to note that indi-
viduals with PPDM showed a higher cumulative incidence 
of gout compared with those without PPDM, particularly 6 
years after first episode of acute pancreatitis (Figure 1A). 
This indicates that gout might be a late complication related 
to PPDM among individuals after the first episode of acute 
pancreatitis. 
	 The association between gout and risk of type 2 diabetes 
has been investigated in general populations in the United 
States, United Kingdom, Taiwan, and Singapore3,5,7,8. In the 
present study, individuals with preexisting gout were at a 
significantly higher risk for PPDM in the overall cohort, 
which is consistent with the previous type 2 diabetes studies 
from the United Kingdom and Taiwan5,8. In addition, the 
association between gout and risk for PPDM was signifi-
cant only in women in our present study, which is consis-
tent with the previous studies showing stronger associations 
between gout and type 2 diabetes in women compared with 
men5,8. This sex difference is supported by several studies 

Table 3. Characteristics of study subjects stratified by PPDM (outcome) status.

Characteristics	                             Total, n = 9471		                       Without PPDM, n = 8913	                   With PPDM, n = 558	 p

Age, yrs, mean (SD)	 56.1	 (19.4)	 56.0	 (19.5)	 56.6	 (17.3)	 0.47
Men	 4506	 (47.6)	 4200	 (47.1)	 306	 (54.8)	 < 0.001
Ethnicity							       < 0.001
   European	 6889	 (72.7)	 6541	 (73.4)	 348	 (62.4)	

Māori 	 1359	 (14.4)	 1239	 (13.9)	 120	 (21.5)	
Pacific Islanders	 448	 (4.7)	 404	 (4.5)	 44	 (7.9)	
Asian	 452	 (4.8)	 424	 (4.8)	 28	 (5.0)	
Others	 323	 (3.4)	 305	 (3.4)	 18	 (3.2)	

Social deprivation index							       < 0.001
Quartile 1 	 2529	 (26.7)	 2405	 (27.0)	 124	 (22.2)	
Quartile 2	 1711	 (18.1)	 1621	 (18.2)	 90	 (16.1)	
Quartile 3	 2209	 (23.3)	 2079	 (23.3)	 130	 (23.3)	
Quartile 4 (most deprived)	 2431	 (25.7)	 2243	 (25.2)	 188	 (33.7)	
Missing	 591	 (6.2)	 565	 (6.3)	 26	 (4.7)	

Smoking	 4312	 (45.5)	 3985	 (44.7)	 327	 (58.6)	 < 0.001
Alcohol consumption	 872	 (9.2)	 815	 (9.1)	 57	 (10.2)	 0.44
Charlson Comorbidity Index, mean (SD)	 0.1	 (0.4)	 0.1	 (0.4)	 0.1	 (0.4)	 0.52
Hypertriglyceridemia	 15	 (0.2)	 12	 (0.1)	 3	 (0.5)	 0.076
Oral glucocorticoid therapy	 2875	 (30.4)	 2683	 (30.1)	 192	 (34.4)	 0.036
Statin therapy	 2506	 (26.5)	 2229	 (25.0)	 277	 (49.6)	 < 0.001
Estrogen therapy (women)	 106	 (2.1)	 103	 (2.2)	 3	 (1.2)	 0.40
Pancreatic cyst during followup	 10	 (0.1)	 7	 (0.1)	 3	 (0.5)	 0.01
Gallstone acute pancreatitis							       0.50

Yes	 2775	 (29.3)	 2604	 (29.2)	 171	 (30.7)	
No	 6696	 (70.7)	 6309	 (70.8)	 387	 (69.3)	

Severe acute pancreatitis							       0.25
Yes	 1007	 (10.6)	 939	 (10.5)	 68	 (12.2)	
No	 8464	 (89.4)	 7974	 (89.5)	 490	 (87.8)	

Recurrent acute pancreatitis							       0.003
Yes	 1027	 (10.8)	 945	 (10.6)	 82	 (14.7)	
No	 8444	 (89.2)	 7968	 (89.4)	 476	 (85.3)	

P values were from t tests (for continuous variables) and chi-square tests (for categorical variables) between individuals with and without PPDM. Values are  
n (%) unless otherwise specified. PPDM: post-pancreatitis diabetes mellitus.
     

Table 4. Association between preexisting gout and risk for post-pancreatitis 
diabetes mellitus.

Variables	 HR (95% CI)

Overall	
	 Model 1	 1.94 (1.28–2.93)
	 Model 2	 1.57 (1.03–2.38)
	 Model 3	 1.58 (1.04–2.41)
Men	
	 Model 1	 1.55 (0.93–2.56)
	 Model 2	 1.27 (0.76–2.13)
	 Model 3	 1.31 (0.78–2.20)
Women	
	 Model 1	 3.34 (1.65–6.79)
	 Model 2	 2.63 (1.28–5.40)
	 Model 3	 2.66 (1.29–5.49)

HR (95% CI) was from conventional Cox regression models. Model 1: 
adjusted for age and sex (only in the overall analysis). Model 2: adjusted 
for the model 1 variables plus ethnicity, social deprivation index, smoking, 
alcohol consumption, and Charlson Comorbidity Index. Model 3: adjusted for 
the model 2 variables plus hypertriglyceridemia, oral glucocorticoid therapy, 
statin therapy, estrogen replacement therapy (women), pancreatic cyst during 
followup, and etiology, severity, and recurrence of acute pancreatitis.
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in nondiabetic individuals that have shown that the positive 
association between serum urate and insulin resistance is 
stronger in women compared with men30,31. However, the 
association between serum urate levels (or urate metab-
olism) and insulin resistance has never been investigated 
in the post-pancreatitis setting, which now warrants a 
purposely designed study. 
	 Our present study is the first ever to investigate the 
bidirectional relationship between PPDM and gout, to 
our knowledge; hence, we can only speculate on possible 
biological mechanisms linking PPDM and gout or abnormal 
glucose metabolism and hyperuricemia. One possible 
explanation might be altered glucose and lipid metabo-
lism after acute pancreatitis, as our previous studies have 
demonstrated32,33,34,35,36. Specifically, upregulated inflam-
matory process induces lipolysis of adipose tissue in indi-
viduals with PPDM (but not in those without PPDM)32,33,36, 
and lipolysis of adipose tissue may raise the level of serum 
urate37. Further, the pathophysiology of PPDM involves 
increased insulin resistance11,34,35, which was found to be 
associated with hyperuricemia in several clinical and animal 
studies31,38,39. These convoluted mechanisms may have 
contributed to the bidirectional association between PPDM 
and gout. 
	 There are several limitations to acknowledge. First, the 
identification of PPDM was based on ICD-10 codes only, 
because fasting blood glucose or glycated hemoglobin data 
were not available. Hence, the number of individuals with 
PPDM might have been underestimated. However, this 
would not have classified the study groups differentially. 
Second, data on serum urate were not available. We identi-
fied individuals with gout using dispensing data of urate-low-
ering medications, which means that individuals clinically 
diagnosed with gout were included18. Moreover, those who 
had a potential to receive urate-lowering medications owing 
to other causes (e.g., leukemia) were excluded in the identi-
fication of gout. This approach might have led to underesti-
mation of gout. However, it is unlikely to have differentially 
affected the PPDM status of study subjects. Third, the present 
study did not consider dietary habits, a common risk factor 
for the development of gout. However, a 2018 metaanal-
ysis demonstrated that dietary habits (using 63 food ques-
tionnaire items) contributed to serum urate levels much less 
than did genetic factors (4.3% vs 23.9% of the variation in 
serum urate levels)40. Further, mounting evidence suggests 
that dietary habits (e.g., soft drink and alcohol consumption) 
interact with gene variants in developing hyperuricemia and 
gout41,42,43,44,45. There is no population-based study consid-
ering the effect of gene–diet interactions on the associa-
tion between DM and gout, which needs to be investigated 
in the future. Fourth, alcohol consumption was defined 
using ICD codes. We acknowledge that there might have 
been residual confounding by moderate to heavy alcohol 
consumption. For the same reason, it was not possible to 

reliably identify alcohol etiology of acute pancreatitis in 
our dataset. However, detailed information on alcohol 
consumption (e.g., amount, frequency, and type of drinks) is 
not recorded in most administrative databases. Last, data on 
body mass index were not available because anthropometric 
measurements were not recorded in the administrative data-
bases used. Acquisition of these data could be beneficial for 
better understanding of mechanisms behind the association 
between PPDM and gout.
	 Our present study shows that there are significantly posi-
tive associations between PPDM and gout in the overall 
cohort and women, and the associations are bidirectional. 
These findings indicate that individuals with PPDM are at 
high risk for gout and individuals with preexisting gout are 
at high risk for PPDM, particularly women. This has impli-
cations for primary prevention of not only gout but also 
PPDM in women after acute pancreatitis. Given a paucity 
of evidence on the mechanism behind this relationship, 
clinical studies are now warranted to investigate serum 
urate levels and urate metabolism after acute pancreatitis. 
Multidisciplinary approaches to management of diabetes 
and gout after pancreatitis encompassing rheumatologists, 
endocrinologists, and gastroenterologists may prove benefi-
cial in the future.
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