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Abstract

Background: Multiple pathogenic genetic variants are associated with pancreatitis in patients of 

European (EA) and Asian ancestries, but studies on patients of African ancestry (AA) are lacking. 

We evaluated the prevalence of known genetic variations in African-American subjects in the US.

Methods: We studied prospectively enrolled controls (n = 238) and patients with chronic (CP) 

(n = 232) or recurrent acute pancreatitis (RAP) (n = 45) in the NAPS2 studies from 2000–2014 

of self-identified AA. Demographic and phenotypic information was obtained from structured 

questionnaires. Ancestry and admixture were evaluated by principal component analysis (PCA). 

Genotyping was performed for pathogenic genetic variants in PRSS1, SPINK1, CFTR and CTRC. 

Prevalence of disease-associated variants in NAPS2 subjects of AA and EA was compared.

Results: When compared with CP subjects of EA (n = 862), prevalence of established 

pathogenic genetic variants was infrequent in AA patients with CP, overall (29 vs. 8.19%, OR 

4.60, 95% CI 2.74–7.74, p < 0.001), and after stratification by alcohol etiology (p < 0.001). 

On PCA, AA cases were more heterogeneous but distinct from EA subjects; no difference was 

observed between AA subjects with and without CP-associated variants. Of 19 A A patients with 

CP who had pathogenic genetic variants, 2 had variants in PRSS1 (R122H, R122C), 4 in SPINK1 
(all N34S heterozygotes), 12 in CFTR (2 CFTRsev, 9 CFTRBD, 1 compound heterozygote with 

CFTRsev and CFTRBD), and 1 in CTRC (R254W).

Conclusion: Pathogenic genetic variants reported in EA patients are significantly less common 

in AA patients. Further studies are needed to determine the complex risk factors for AA subjects 

with pancreatitis.
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1. Introduction

Chronic pancreatitis (CP) is a pathologic fibro-inflammatory syndrome of the pancreas in 

individuals with genetic, environmental and/or other risk factors who develop persistent 

pathologic responses to parenchymal injury or stress that eventually results in pancreatic 

atrophy, fibrosis, pain syndromes, duct distortion and strictures, calcifications, pancreatic 

exocrine dysfunction, pancreatic endocrine dysfunction and dysplasia [1]. Clinically, most 

patients with CP report a history of acute pancreatitis (AP) or recurrent AP (RAP) [2,3], 

indicating a complex, multifactorial, progressive disease scenario. CP results in multiple 

complications with a significant reduction in quality of life (QOL) when compared with 

non-pancreatitis controls [4], as well as overall survival when compared with age- and 

sex-matched general population [5]. Pancreatitis represents a significant burden to the health 

care system, and accounts for an annual health care expenditure of over $2.8 billion in the 

US [6].

Since the discovery in 1996 of a germline mutation in PRSS1 as the cause of hereditary 

pancreatitis [7], disease-associated variations in several other pancreatitis susceptibility 

genes, including cystic fibrosis transmembrane conductance regulator [CFTR], serine 

peptidase inhibitor, Kazal type 1 [SPINK1], and chymotrypsin C [CTRC] have been 

identified and replicated in multiple cohorts from North America, Europe and Asia [8–

17]. Testing for pathogenic variants in these genes is now performed routinely in clinical 

practice, especially when the cause of RAP or CP is unknown.

In epidemiologic studies, the risk of pancreatitis is noted to be 2–3 folds greater in patients 

of African ancestry (AA) including African-Americans, when compared with Caucasians 

[18–21]. AA patients also have a greater risk of readmission after an episode of pancreatitis 

[22]. The precise causes underlying these differences are unknown. Few studies have 

examined the effect of environmental and/or behavioral risk factors as potential mediators 

of racial differences in pancreatitis. For instance, racial differences in pancreatitis have been 

partially attributed to a higher prevalence of alcohol and tobacco exposure in AA patients 

[18–20]. In the North American Pancreatitis Study 2 (NAPS2), we found in AA patients 

with CP that the odds of self-reported heavy or very heavy drinking were 2.62 folds greater 

and odds of ever smoking were 2.97 folds greater than patients of European ancestry (EA). 

Similarly, the odds of physician-defined alcohol etiology and smoking as a risk factor were 

4.31 and 2.54 times greater in AA patients with CP when compared to EA patients with CP 

[23].

Ancestral germ line genetic differences could also affect differences in disease risk and 

prevalence between Americans of European ancestry and African Americans [24,25]. 

Pathogenic genetic variants in PRSS1, SPINK1, CFTR and CTRC are clearly associated 

with pancreatitis in populations of EA and Asian ancestry (7–16). The effects and burden of 

these pathogenic genetic variants for RAP or CP in AA patients has not been reported.

We tested the hypothesis that the prevalence of pathogenic variations linked to the four most 

common RAP and CP susceptibility genes in patients of self-reported AA in the United 

States is similar to those of EA in the NAPS2 cohort. We further tested for the amounts of 
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ancestral admixture, since previous studies have demonstrated the importance of genetics on 

disease risks and outcomes based on difference in the minor allele frequency [25,26]. Here, 

we report that RAP/CP-associated variants that are common in patients of EA are rare in 

patients of AA. These findings suggest that genetic testing of RAP/CP susceptibility variants 

that are frequent in cases of EC will likely be of lower yield in patients of AA. Further 

studies are needed to understand genetic and environmental risk factors for pancreatitis in 

subjects of AA.

2. Methods

2.1. Study population

The North American Pancreatitis Study Group has prospectively recruited carefully 

phenotyped controls and patients with RAP or CP from 27 US centers from 2000–2014 in a 

series of 3 studies: North American Pancreatitis Study 2 (NAPS2 Original), North American 

Pancreatitis Study 2 Continuation and Validation (NAPS2-CV), and North American 

Pancreatitis Study 2 Ancillary Study (NAPS2-AS) [23,27,28]. Although previous genetic 

studies focused on subjects of EA, this cohort also contains one of the largest number of 

RAP/CP patients of AA ascertained in the US [23]. RAP was defined by two or more 

documented episodes of AP (typical abdominal pain with elevation of serum pancreatic 

enzymes to more than 3 times the upper limit of normal or imaging evidence of AP), 

and CP was defined using definitive evidence on imaging or histology [27]. The NAPS2 

studies were approved by the Institutional Review Board of each participating center, and all 

subjects provided informed consent prior to study enrollment. We have previously reported 

the prevalence of genetic variations in cases and controls of EA from the NAPS2 cohort 

[9,17,29–31].

2.2. Data collection

Study procedures and information collected in the NAPS2 studies have been described 

earlier [23,27,28]. Two detailed sets of questionnaires were used to obtain information 

from the study subjects and the enrolling physician. Questionnaires were completed by 

patients and controls with assistance of a trained research coordinator. Information was 

collected on demographics, personal and family history, exposure to environmental risk 

factors (alcohol, smoking), pain experience (presence, pattern), hospitalizations, emergency 

room visits, disability related to pain and pancreatitis, medication use, and quality of life. 

Race was self-reported. Smoking status was also self-reported and categorized as never, 

past or current, the amount of smoking was quantified as packs per day (<1 or ≥1) and 

as pack years (1–12, 12–35, ≥35). Information on self-reported average weekly alcohol 

intake (quantity-frequency criteria, i.e. average amount consumed on a drinking day and 

the number of days per month that this amount was consumed) during the maximum 

drinking period in life was used to categorize drinking status as (1) Abstainers: no alcohol 

use or <20 drinks in lifetime; (2) Light drinkers: ≤3 drinks/week; (3) Moderate drinkers: 

4–7 drinks/week for females; 4–14 drinks/week for males; (4) Heavy drinkers: 8–34 drinks/

week for females; 15–34 drinks/week for males; (5) Very heavy drinkers: ≥35 drinks/week. 

Physicians provided information on phenotypic features including history of AP, ages at 

the onset of AP, CP symptoms and CP diagnosis, risk factors, etiology, pain experience 
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(presence, pattern), pain medication use, exocrine insufficiency, diabetes, details of imaging 

studies, treatments received and their perceived effectiveness.

2.3. Ancestral admixture analyses

A blood sample was obtained from each subject at enrollment, and peripheral blood 

leukocyte DNA was isolated following established protocols [9,11,30]. A major subset of 

subjects in the NAPS2 cohorts (174 A A Controls, 39 A A RAP, 179 A A CP, 541 EA 

Controls, 430 EA RAP, and 772 EA CP) were genotyped using a custom Illumina Infinium 

HumanExome + beadchip previously developed by the NIDDK IBD consortium [32]. These 

genotypes were used for the ancestral classifying using principal component analysis (PCA). 

The custom microarray contained ~270,000 markers and includes exonic and splice variants, 

ancestry informative markers, stop codon variants and MHC tag SNPs. Genotype data 

were called using the Illumina GenomeStudio v 2011.1 software. Quality control for each 

cohort was achieved by examining missingness by genotype (excluding SNPs with >10% 

missing data) and missingness by individual subject (excluding subjects with >20% missing 

genotype calls). Additional QC was achieved by examining Hardy-Weinberg Equilibrium 

(HWE) in controls (Chi-square test threshold P = 1e-5) and extreme heterozygosity. 

Following QC, 19,179 markers were removed due to excess missingness, and 3814 markers 

due to non-conformity with HWE. Individuals were excluded from the final data set if they 

had high proportion of missing genotypes (n = 376), showed discrepancies between reported 

and genotypic sex (n = 30) or had high heterozygosity (n = 46). Markers were LD pruned (r2 

> 0.4) to produce higher quality PC estimates. After all QC and LD-pruning, the genotype 

call rate was 99.98% for the entire data set. In the final dataset 392 A A and 1743 Caucasian 

subjects were genotyped for a total 140,577 markers.

2.4. PRSS1, SPINK1, CFTR and CTRC genetic analysis

All patients were genotyped for known variants in PRSS1, SPINK1 (N34S), and CFTR 
genes by a combination of sequencing and Taqman® assays (Thermo-Fisher, Waltham 

MA) [9]. A multiplex Taqman (iPlex) was designed to capture the majority of reported 

pancreatitis-associated variants in CFTR (79 mutations total, see Supplementary Table 1, 

and LaRusch et al. for methods [9]). PCR primers were designed for CTRC gene exons 

2, 3, and 7 and the corresponding intronic regions that contain most common mutations 

reported from Germany, India, France, and Taiwan [10,14,33,34]. We tested for R254W 

using Restriction Fragment Length Polymorphism (RFLP) sequencing that captured both the 

R254W and K247_R254del mutations [30]. All positive and random negative results were 

confirmed by Sanger sequencing.

2.5. Statistical analysis

SAS 9.4 (SAS Institute, Inc., Cary, NC) was used to analyze and generate summary 

statistics of the dataset. Descriptive statistics were calculated as proportions for categorical 

data and mean and standard deviation for continuous data. Demographic comparisons 

based on diagnosis (controls, CP, RAP) were performed using Fischer’s exact test for 

categorical variables and Student’s t-test for continuous variables. To characterize any 

genomic heterogeneity within the NAPS2 AA subjects we performed PCA using PLINK 

v1.9 (https://www.cog-genomics.org/plink2) to infer presence of genetic stratification in the 
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final sample of 392 A A and 1743 Caucasian NAPS2 participants. A plot of first PC vs. 

the second PC was used to visualize data. Self-identified race and AA subjects carrying 

mutations were color-coded to aid with data visualization.

To evaluate the genetics of our cohort, we first compared the presence of any of the 

candidate SNP frequencies in any of the 4 genes, and then in individual genes between 

AA cases and controls. Next, we compared the presence of any of the candidate SNP 

frequencies between AA subjects and EA subjects in the NAPS2 studies using Fisher’s exact 

test. For assessment of presence of any SNP in the 4 genes, a two-tailed p-value <0.05 was 

considered statistically significant, while for assessment of individual genes, a Bonferroni 

correction was made for multiple comparisons.

Group and subgroup analysis used in the study are in Table 1.

3. Results

3.1. Study population – subjects with AA

Together, the three NAPS2 studies enrolled 268 controls, 248CP and 50 RAP patients who 

self-identified as having AA. Of these, complete phenotype and genotype information was 

available for 238 controls, 232CP and 45 RAP patients (Table 2) who formed the final 

cohort for this study. Information on demographics, exposure to alcohol and tobacco, and 

etiology of pancreatitis is provided in Table 3.

AA patients with CP were significantly (p < 0.05) more likely to be male, ever and current 

smokers, and very heavy drinkers when compared with controls and RAP patients. When 

compared with RAP patients, CP patients were significantly (p < 0.05) more likely to have 

physician-defined alcohol etiology (76.7% vs 33.3%, p < 0.001). About two-thirds of CP 

patients had at least one attack of AP. The age at the time of first-attack of AP was similar in 

CP and RAP patients, but the age at enrollment of CP patients was significantly higher than 

that of RAP patients (p = 0.005) (Table 3).

3.2. Genetics of self-reported ancestry in the NAPS2 cohort

PCA of the NAPS2 AA cases and control cohorts identified two components that 

corresponded to self-identified ancestry. Self-identified AA subjects showed significant 

heterogeneity when compared with subjects with self-identified EA. The AA cases and 

the few AA subjects with RAP or CP with established pathogenic variants in PRSS1, 
SPINK1 and/or CFTR clustered with other AA subjects (Fig. 1). Thus, it is unlikely that the 

pathogenic variants resulted primarily from admixture of patients with AA and EA.

3.3. Genetic variants in AA subjects

3.3.1. AA controls—Only 16 (6.7%) controls carried a pathogenic variant linked to four 

CP susceptibility genes tested (Table 4). None of them had PRSS1 or SPINK1 mutations. 

Five (2.1%) were heterozygous carriers for severe, CF-associated pathogenic CFTR variants 

(CFTRsev): F508del in 4, R553X in 1 - of these 2 reported moderate and 1 heavy drinking 

during the maximum drinking period of life, but neither reported symptoms of pancreatitis. 

Additionally, 10 were heterozygous carriers for bicarbonate conductance defective CFTR 
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variants (CFTRBD): R74W-D1270 N in 5, R75Q in 4, L997F in 1 - of them 4 reported very 
heavy, 1 heavy, 3 moderate, and 1 light drinking. One control was a carrier in the CTRC 
gene (R254W).

3.3.2. AA patients with CP—Of CP patients, 19 (8.2%) had pathogenic genetic 

variants (p = 0.48 vs. controls) (Table 4). Two patients were heterozygous for the disease-

causing PRSS1 variants (p.R122C and p. R122H), 4 carried the SPINK1 N34S risk variant 

(all were heterozygous), 3 carried severe CFTR variants (CFTRsev) (F508del in 1, 3120 

+ 1 GtoA in 2), 10 had CFTRBD variants (R74W-D1270 N in 7, R75Q in 2 and L967S 

in 1), and 1 had a pathogenic CTRCsev variant (R254W). Of the 12 patients with any CF 

mutation, only one was a compound heterozygote with CFTRsev 3120+1GtoA and CFTRBD 

L967S variants. Except for SPINK1 which showed borderline association (0.059), no other 

mutation showed significant difference between control subjects and CP patients.

The enrolling physician identified alcohol as the etiology in 14/19 (74%) patients with 

an identified mutation (vs. 164/213 [77%] with no mutations, p = 0.78). Interestingly, 

self-reported heavy or very heavy drinking habits were reported by 12 of these 14 patients, 

supporting the physician diagnosis. All patients but one (94.7%) who carried any pathogenic 

variants was a smoker (vs. 185/211 [87.6%] with no pathogenic variants, p = 0.59) (Table 5).

Both CP patients who had PRSS1 mutations had onset of pancreatitis at an early age. One 

of them had RAP with first-attack of AP at age 15 years, and was diagnosed with CP 

at the time of enrollment (age 19 years). This patient gave history of AP in father and a 

grandparent. The second patient also had RAP with first-attack of AP at age 24 years, was 

diagnosed with CP at age 28 years, and enrolled at age 36 years. This patient also had a 

history of multiple family members with pancreatitis (grandmother with CP, father and two 

sisters with AP).

3.3.3. AA patients with RAP—None of the RAP subjects had a pathogenic PRSS1, 
SPINK1 or CTRC variant associated with pancreatitis susceptibility. Five had heterozygous 

pathogenic CFTRBD variants: R74W-D1270 N in 3, L967S in 1, and I148T in 1 (Table 4). 

There were no homozygous, compound heterozygous or multigenic combinations for CFTR 
variants. In 2 subjects with pathogenic variants in the CFTR gene, the enrolling physician 

identified alcohol as the etiology – of these one self-reported very heavy and the other 

moderate drinking.

3.4. Genetic variants in AA vs. EA

We have previously reported the prevalence of disease-associated variants in the four 

primary pancreatitis susceptibility genes among controls and pancreatitis patients of EA 

in the NAPS2 cohort [17]. Here we compared the prevalence of these variants between AA 

subjects and EA subjects in the NAPS2 cohort. The prevalence of disease-associated variants 

in any of the four selected genes was significantly higher among EA patients with CP than 

AA patients with CP (29% vs 8.18; OR 4.60 95% CI 2.74–7.74) (Table 6). Significant 

differences were noted in the prevalence of mutations in each of the genes among CP 

patients except for the CTRC gene. The prevalence trends were similar when patients were 

stratified by physician-defined alcohol etiology.
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4. Discussion

CP is a complex syndrome with significant heterogeneity that is determined, in part, by 

genetic factors. In this large cohort, we found the prevalence of known mutations in 

the pancreatitis-susceptibility genes reported in many populations to be infrequent in AA 

patients with RAP and/or CP from North America. A PCA of the cohort demonstrated 

two distinct clusters of subjects that map onto self-reported ancestry of AA and EA as 

demonstrated in other ancestral studies [35]. In AA patients with CP, borderline significance 

between cases versus controls was noted only for SPINK1 N34S mutation. To our 

knowledge, this is the first report of pathogenic, gain-of function PRSS1 variants in any 

AA patient. Genetic differentiation by PCA indicated that AA patients who carry any of the 

known disease-associated mutations have an overall genomic background indistinguishable 

from those that do not carry these mutations. These findings have a direct implication on 

clinical practice, in that testing for the known mutations in PRSS1, SPINK1 or CFTR in AA 

patients who have CP or RAP will be of low yield. These mutation specific results indicate 

that as yet unknown genetic variants may be responsible for the etiology of pancreatitis in 

AA patients. Future larger scale genetic analysis will be required to determine the common 

pathogenic germline variants in AA patients.

Since the discovery of gain-of-function mutations in the PRSS1 gene as the cause of 

hereditary pancreatitis, other variations in PRSS1 and genes linked to trypsin-dependent 

(SPINK1, CTRC) or trypsin-independent pathway (CFTR, CPA1) have been identified in 

people of many geographic locations and ancestries [8–16,36,37]. The prevalence of specific 

pathogenic variants within a population originates through random germline mutations 

occurring in previous generations, and mixed or segregated based on migration and/or 

environmental advantages, as suggested for example for CFTR variants and cholera [38], 

and sickle cell disease and malaria [39].

There are no data on the prevalence of mutations in pancreatitis susceptibility genes in AA 

patients. We found that the prevalence of mutations in genes commonly associated with 

pancreatitis in EA subjects was significantly lower in AA CP patients in the United States. 

Among the genes tested, only SPINK1 mutations had a trend toward being overrepresented 

in AA patients versus AA controls (CP 1.7%, controls 0%, p = 0.059). The lack of statistical 

significance for an association between SPINK1 N34S high risk haplotype and CP is likely 

related to small sample size (type 2 error). Of note, all 4 patients with SPINK1 mutations 

had physician-defined alcohol etiology, while none with no alcohol etiology (n = 54) had 

the high risk SPINK1 N34S haplotype. However, the prevalence of SPINK1 mutation was 

still much lower than expected, overall or after stratification by physician-defined alcohol 

etiology [17,40].

Cystic Fibrosis is an autosomal recessive disorder with phenotypic variance caused by two 

CFTRsev variants and other modifier genes [41]. Over 2000 unique CFTR variants have 

been identified, and only around 100 variants are well-characterized as disease causing 

– either with CF or CFTR-associated disorders such as pancreatitis. Clinical pancreatitis 

due to CFTR mutations has been typically linked to compound, complex genotypes, i.e. 

presence of CFTRsev genetic variants on one allele and CFTRmild-var variants on the other 
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allele. More recently, CFTRBD variants that alter bicarbonate but not chloride conductance 

have been linked to pathology in organs that utilize CFTR to transport bicarbonate, such 

as the pancreas [9]. The prevalence of CFTR mutations is much higher in EA populations 

(approximately 1 in 2500 individuals) and lower in AA populations (1 in 15,000 individuals) 

[41]. Many of the pathogenic CFTR variants in African Americans are attributable to 

admixture with European populations, since mutations such as CFTR F508del are rare in 

Africa [42]. These observations likely explain the lower prevalence of CF mutations in AA 

subjects observed in our study. Interestingly, two patients in our study were found to have 

the CFTRsev 3120 + 1 G > A variants of African/Arabian origin [42,43].

We report two AA patients with CP who were found to have gain-of-function PRSS1 
variants. Similar to CFTR mutations, there is a possibility that the observed variants in these 

subjects represent admixture of the PRSS1 locus from EA individuals, or it could represent 

de-novo mutations. However, this does not negate the rarity of hereditary pancreatitis in AA 

patients. In the current study, only one CP patient and one control each had CTRC R254W.

Many patients have clear environmental risk factors or exposures, and the overall risk 

can be increased in the presence of genetic risk [44]. A high proportion (77.6%) of AA 

patients with CP were classified as alcohol etiology, and they also had a high prevalence 

of smoking (87.6%). While we hypothesized that genetic cofactors may contribute to this 

higher prevalence of disease in AA patients, the common genetic susceptibility factors 

observed among EA patients and those of Asian ancestry could not explain this observation 

in our cohort. Only 14/178 (7.8%) AA patients with CP and alcohol etiology had mutations 

found in EA patients when compared with 5/54 (9.3%, p = 0.78) patients without alcohol 

etiology. Furthermore, as previously reported, the risk of CP in very heavy alcohol drinkers 

of AA in the original NAPS2 study appears to be much higher than for patients of EA (OR 

20.86, CI 1.38–316.13 vs OR 2.51, CI 1.46–4.34) suggesting that a potent and yet to be 

identified co-factor is important in AA patients [45]. Taken together, these data indicate that 

the genetic etiologies of RAP and/or CP in AA patients are different than those identified in 

EA patients. However, while the current cohort is sufficient to demonstrate that the genetic 

susceptibility of AA patients is different than EA patients, it is too small to conduct a 

genome-wide association study to identify alternative pathogenic genetic mechanisms, and 

especially if the nested studies of RAP/CP patients with and without alcohol/smoking are 

planned.

A limitation of our study is the small number of patients of AA, especially with RAP, 

as the recruitment patterns mirrored the case mixture of the participating institutions and 

because the focus of NAPS2-AS was aimed at recruiting CP patients. Thus, appropriately 

powered comparison of AA with RAP vs. AA with CP were not possible. In addition, our 

analysis focused on only four genes associated with susceptibility to CP. We cannot exclude 

the possibility that other high-risk genetic pathways exist between cases of AA and EA, or 

that other as-of-yet unidentified polymorphisms or mutations may play an important role 

particularly for patients with non-toxic chronic pancreatitis. Future studies should perform 

more detailed ancestral analyses and broaden the genetic evaluation.
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In conclusion, the four most common pathogenic genetic variants associated with CP in EA 

patients are uncommon in AA patients. Since the risk of RAP/CP is greater in populations 

of AA than EA, future studies on the complex gene-environment interactions in cases of AA 

are needed.
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Fig. 1. 
PCA plot showing PC1 (horizontal axis) v PC2 (vertical axis). Self-identified European 

Americans (red circles, Caucasians) cluster tightly along one axis. Self-identified patients 

with AA (Green circles, AA) show greater genetic heterogeneity. Blue circles (AA.mu) 

represent patients with AA carrying known candidate gene mutations. No systematic 

differences are visible between mutation carriers and non-carriers based on this analysis.
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Table 3

Demographics and select characteristics in AA subjects in the NAPS2 cohort.

Controls RAP CP

Number 238 45 232

Age - mean ± sd 47.4 ± 13.5 45.7 ± 13.6 51.9 ± 10.5

Male - n (%) 91 (38.2) 17 (37.8) 145 (62.5)

Smoking status
a
 - n (%)

 Never 119 (50.0) 12 (27.3) 28 (12.1)

 Past 47 (19.8) 11 (25.0) 57 (24.7)

 Current 72 (30.3) 21 (47.7) 146 (63.2)

Smoking
b
- n (%)

 Never 119 (50.0) 12 (27.9) 28 (12.4)

 <1 pack-per-day 98 (41.2) 19 (44.2) 136 (60.2)

 1 or more pack-per-day 21 (8.8) 12 (27.9) 62 (27.4)

Drinking Category
c
- n (%)

 Abstainer 23 (11.4) 7 (16.3) 21 (9.3)

 Light 70 (34.7) 9 (20.9) 18 (8.0)

 Moderate 40 (19.8) 10 (23.3) 25 (11.1)

 Heavy 40 (19.8) 4 (9.3) 29 (12.8)

 Very Heavy 29 (14.4) 13 (30.2) 133 (58.9)

Etiology - n (%)

 Alcohol NA 15 (33.3) 178 (76.7)

 Other NA 30 (66.7) 54 (23.3)

Age at first attack of AP
d
 - mean ± sd NA 41.7 ± 15.3 40.1 ± 11.1

AA – African ancestry; CP – chronic pancreatitis; NAPS2 – North American Pancreatitis Study; RAP – recurrent acute pancreatitis.

Missing Data

a
(n = 2),

b
(n = 8),

c
(n = 44)

d
(n = 22);

Proportions/medians shown are based on effective numbers.

CP vs. controls: p < 0.001 (age, sex, smoking status, smoking ppd, drinking category); CP vs. RAP: p = 0.005 (age); p = 0.003 (sex); p = 0.04 
(smoking status); p = 0.03 (smoking ppd); p = 0.001 (drinking category); p < 0.001 (etiology).
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