Name of Journal: World Journal of Clinical Cases
Manuscript NO: 70918
Manuscript Type: ORIGINAL ARTICLE

Observational Study
Yield of testing for micronutrient deficiencies associated with pancreatic exocrine insufficiency in a clinical setting: An observational study

[bookmark: _Hlk86153484]Jalal M et al. Micronutrients deficiency in pancreatic exocrine insufficiency

[bookmark: _Hlk86153077][bookmark: _Hlk86153538][bookmark: _Hlk86153640]Mustafa Jalal, Jennifer Anne Campbell, Solomon Tesfaye, Ahmed Al-Mukhtar, Andrew Derek Hopper

Mustafa Jalal, Jennifer Anne Campbell, Andrew Derek Hopper, Academic Department of Gastroenterology, Sheffield Teaching Hospitals, Sheffield S10 2JF, United Kingdom

Mustafa Jalal, Department of Infection, Immunology and Cardiovascular disease, University of Sheffield, Sheffield S10 2TN, United Kingdom

Solomon Tesfaye, Academic Unit of Diabetes and Endocrinology, Sheffield Teaching Hospitals, Sheffield S10 2JF, United Kingdom

Ahmed Al-Mukhtar, Department of Surgery, Sheffield Teaching Hospitals, Sheffield S10 2JF, United Kingdom

Author contributions: Jalal M contributed to study design, data collection, analysis and drafting the manuscript. Campbell JA contributed to data collection, interpretation of data and critically revised the manuscript. Tesfaye S and Al-Mukhtar A contributed to interpretation of data and critically revised the manuscript. Hopper AD contributed to study design, analysis, interpretation of data and critically revised the manuscript. All authors approved the final version of the manuscript.

Corresponding author: Mustafa Jalal, MBChB, MRCP, MSc, Research Fellow, Academic Department of Gastroenterology, Sheffield Teaching Hospitals, Glossop Road, Sheffield S10 2JF, United Kingdom. mustafa.jalal@nhs.net

Received: August 19, 2021
Revised: October 17, 2021
Accepted: November 14, 2021
Published online: 

 2 / 2

Abstract
BACKGROUND
[bookmark: _Hlk86154662][bookmark: _Hlk86154730]Pancreatic exocrine insufficiency (PEI) can be difficult to diagnose and causes maldigestion symptoms and malabsorption. There has been a number of studies that have identified PEI associated micronutrient deficiencies (PEI-MD), however there is variation in both the frequency and type of PEI-MD reported, with the majority of studies including patients with PEI due to chronic pancreatitis (CP) or CP without PEI. There is a paucity of information regarding the prevalence of PEI-MD in patients with PEI without CP and the yield of testing for PEI-MD in a clinical setting in patients with suspected benign pancreatic diseases.

AIM
To prospectively assess the yield and type of PEI–MD in patients with and without PEI secondary to benign pancreatic disease. 

METHODS
Patients investigated for maldigestion symptoms with Faecal Elastase-1 (FEL-1) and suspected or proven benign pancreatic disease were prospectively identified. At the time of FEL-1 testing, serum samples were taken for micronutrients identified by previous studies as PEI-MD: prealbumin, retinol binding protein, copper, zinc, selenium, magnesium and later in the study lipid adjusted vitamin E.  FEL-1 was recorded, with a result < 200 µg/g considered diagnostic of PEI. Patients underwent computed tomography (CT) imaging when there was a clinical suspicion of CP, a new diagnosis of PEI recurrent, pancreatic type pain (epigastric abdominal pain radiating to back with or without previous acute pancreatitis attacks) or weight loss.

RESULTS
After exclusions, 112 patients were recruited that underwent testing for FEL-1 and PEI-MD. PEI was identified in 41/112 (36.6%) patients and a pancreatic CT was performed in 82 patients. Overall a PEI-MD was identified in 21/112 (18.8%) patients. The yield of PEI-MD was 17/41 (41.5%) if PEI was present which was significantly higher than those without 4/71 (5.6%) (P = 0.0001).  The yield of PEI–MD was significantly higher when PEI and CP were seen together 13/22 (59.1%) compared to CP without PEI and PEI without CP (P < 0.03). Individual micronutrient assessment showed a more frequent occurrence of prealbumin 8/41 (19.5%), selenium 6/41 (14.6%) and magnesium 5/41 (12.2%) deficiency when PEI was present (< 0.02). The accuracy of using the significant micronutrients identified in our cohort as a predictor of PEI showed a positive predictive value of 80%-85.7% [95% confidence interval (CI): 38%-100%] and a low sensitivity of 9.8%-19.5% [95% CI: 3.3%-34.9%].

CONCLUSION
Testing for PEI-MD in patients with suspected pancreatic disease has a high yield, specifically when PEI and CP are found together.  PEI-MD testing should include selenium, magnesium and prealbumin. 
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Core Tip: Several studies have identified pancreatic exocrine insufficiency associated micronutrient deficiencies (PEI-MD), however, there is a paucity of information for PEI-MD prevalence in patients without chronic pancreatitis (CP) and the yield for testing for these PEI-MD in a clinical setting of suspected benign pancreatic diseases. We performed a clinical based prospective study to determine the yield of testing for PEI-MD when pancreatic exocrine insufficiency (PEI) is present and which specific micronutrients are most beneficial to test. We found high yield of micronutrients deficiency in PEI, in particular when CP was present.

INTRODUCTION
Pancreatic exocrine insufficiency (PEI) is caused by reduction in the amount of pancreatic enzymes available for digestion in the small intestine[1]. PEI has been shown to cause malabsorption and gastrointestinal symptoms termed ‘maldigestion’[2]. A specific concern for PEI is the malabsorption of micronutrients. Micronutrients are essential vitamins and trace elements that are important for normal physiological function, if left untreated, a micronutrient deficiency can cause malnutrition, poor growth, and increased risk of morbidity and mortality[3].  Micronutrient deficiencies can be reversed by treating the underlying condition and by the provision of the deficient micronutrient[3]. 
There have been a number of studies which aimed to identify individual micronutrient deficiencies associated with PEI. Fat soluble vitamins (vitamin A, E, D) have been a particular focus because lipase is one of most affected enzymes in PEI[4]. An associated incidence of low vitamin A (14.5%-35.2%) and more frequently low vitamin E (17.7%-75%)[5-7] have been reported with vitamin E demonstrating a correlation with faecal fat excretion in one study[8]. Vitamin D is one of the most common markers studied in patients with PEI and chronic pancreatitis (CP) however a sole link to PEI has not been demonstrated.  A high prevalence of vitamin D deficiency has been reported in control groups and healthy individuals[5,9]; therefore, vitamin D is not associated with PEI. Along with fat soluble vitamins, trace element and protein deficiencies associated with PEI include prealbumin, retinol-binding protein (RBP), zinc, selenium and magnesium[2,6,8,10,11].
There is variation in both the frequency and type of PEI associated micronutrient deficiency reported, with the majority of studies including patients with PEI due to CP. Micronutrient deficiencies have been identified in patients with CP and PEI but also in CP without PEI[12]. There is increasing evidence that PEI can occur in patients where CP is not the aetiology; there is little information regarding micronutrient deficiency prevalence in this cohort.
The diagnosis of PEI is commonly made using Faecal Elastase-1 (FEL-1) which has grown in acceptance as a less sensitive, but acceptable alternative to direct ‘gold standard’ tests which can be time-consuming, challenging to tolerate for the patient and difficult to standardize[13].  FEL-1 testing for PEI is recommended in patients with diarrhoea or steatorrhoea, and in primary pancreatic diseases with a high risk of PEI such as CP, cystic fibrosis and other diseases associated with a lower pre-test probability[12,14-17]. It has sensitivity of 63% for mild, and up to 100% for moderate and  severe PEI with specificity of  93%[18]. The very high pre-test probability of PEI in pancreatic cancer and the overwhelming benefits of nutritional support has led to guidelines advocating empirical treatment with enzyme replacement without testing with FEL-1[19].
Identification of malnutrition such as PEI associated micronutrient deficiencies (PEI-MD) could improve the accuracy of FEL-1 in mild to moderate PEI and support further testing for PEI in those with normal FEL-1 found to have a micronutrient deficiency. 
The primary aim of this study was to prospectively assess the yield of PEI-MD in patients with suspected benign pancreatic diseases. The secondary aim was to assess if micronutrient deficiencies could be used as a tool to test for PEI and prompt further testing in patients with suspected pancreatic pathology. 

MATERIALS AND METHODS
Patients referred to our centre with maldigestion symptoms investigated with FEL-1 for suspected or proven benign pancreatic disease were prospectively identified.  Patients were excluded if they were aged less than 18 years old, taking pancreatic enzyme replacement therapy (PERT), or had cross-sectional imaging suspicious of pancreatic cancer. At the time of FEL-1, testing PEI associated micronutrient serum levels were obtained for prealbumin, RBP, copper, zinc, selenium, magnesium and later in the study lipid adjusted vitamin E. Vitamin A testing was not available, however as this was a clinical study we indirectly represented this with RBP levels (the carrier for retinol in the blood) which has been shown to predict vitamin A deficiency with a high sensitivity and specificity[20,21].  Serum samples were analysed with standard methods using calibrated ranges. Lipid adjusted Vitamin E was calculated as a ratio of Vitamin E and total cholesterol and triglycerides in a fasting blood sample. Prealbumin and RBP levels were measured by nephelometry.
  
Demographic information was collected for age, gender, body mass index (BMI), presence of diabetes mellitus (DM), smoking and alcohol intake. FEL-1 was recorded with a result < 200 µg/g considered diagnostic of PEI. A second sample was performed for patients who did not have a FEL-1 result available within the last 3 months or when no cause was identified for a PEI diagnosis. All FEL-1 samples were analysed in our centre with a commercially available enzyme linked immunosorbent assay test which uses two monoclonal antibodies against specific epitopes of human pancreatic elastase (ScheBo-Tech, Wettenberg, Germany).
As part of a clinical pathway patients underwent further investigations including CT imaging when there was a clinical suspicion of CP, a new diagnosis of PEI made on the stool sample, recurrent pancreatic type pain (epigastric abdominal pain radiating to back with or without previous acute pancreatitis attacks) or weight loss[22]. CT scans of the pancreas were examined for evaluation of CP changes and severity using Cambridge classification[23-25].

Statistical analysis
All results were reported as either a mean with standard deviation or 95% confidence interval for continuous variables. Micronutrients were reported as the number of abnormal low results. Categorical variables were analysed using Fisher’s exact test. P ≤ 0.05 was considered statistically significant. Statistical analyses were performed using SPSS (IBM SPSS statistics version 25, Chicago, Illinois, United States). The study was approved by local research ethics committee (IRAS 210710, STH 19471) and informed consent was obtained from all patients.

RESULTS
Cohort characteristics
After exclusion, 112 patients were recruited that underwent FEL-1 testing and micronutrient assays, as shown in Table 1. PEI was identified in 41 patients and pancreatic imaging was performed in 82 patients. The 30 patients without a CT scan all had FEL-1 > 200, no pancreatic pain symptoms or weight loss and therefore classed as not having CP for analysis. There were 19 patients recruited also that underwent vitamin E assay when it became available. 
The aetiology of the 41 patients with PEI was attributed to alcohol-induced chronic pancreatitis (n = 9), idiopathic chronic pancreatitis (n = 4), pancreatic atrophy (n = 9), and when no CP changes or identifiable cause was found, this was termed ‘idiopathic PEI’, these 19 patients also underwent endoscopic ultrasound (EUS) with no diagnostic criteria for CP reached (range 0-3 EUS features; median 1). Patients with ‘idiopathic PEI’ were noted to have a history of smoking in 10/19 and alcohol consumption in 11/19 (mean 25.1 ± 28.3 units per week).  There was no significant difference in the number of patients with steatorrhoea or weight loss when PEI was present.  Ten patients with CP did not have PEI, but CP was felt to be the likely cause of the patients’ pain. 
The remaining 31 patients who underwent CT for significant symptoms without PEI and no evidence of CP on the CT had a final diagnosis of nonspecific abdominal pain (functional or unexplained) (n = 14), biliary dyskinesia (n = 8), recent acute pancreatitis with no residual morphological changes (n = 4), dyspepsia secondary to gastritis (n = 3), and weight loss due to chronic fatigue syndrome (n = 1) and consequences of medication from human immunodeficiency virus (n = 1).  
In total 30 patients that were recruited and tested with FEL-1 without PEI and without the earlier symptoms that did not qualify for a CT scan. The final diagnosis made in patients identified with no PEI and no CT scan was most commonly found to be due to non-specific abdominal pain (n = 15), irritable bowel syndrome (n = 5), gall stone disease (n = 4), or gastritis and peptic ulcer disease (n = 6).

Prevalence of micronutrients deficiency 
Overall, a micronutrient deficiency was identified in 21/112 (18.8%) patients (Table 2). There were significantly more patients with a micronutrient deficiency when PEI was present 17/41 (41.5%) than those without PEI  4/71 (5.6%) (P < 0.0001). Individual micronutrient assessment showed a significantly higher prevalence of prealbumin, selenium and magnesium deficiency when PEI was present. 
The micronutrient deficiency occurred as a solitary finding in 16 patients, 2 micronutrient deficiencies in 4 patients and 3 micronutrients deficiencies in one patient.  
There was a significantly higher prevalence of patients with a micronutrient deficiency if severe PEI (FEL-1 0-100 µg/g) was present: 56.5% (13/23), compared to when moderate PEI (FEL-1 = 100-200 µg/g) was present: 22.2% (4/18) (P = 0.05).
A significantly higher prevalence of patients with a micronutrient deficiency with a low or normal BMI (< 25 kg/m2): 29.7 % (11/37) was identified compared to a raised BMI (> 25 kg/m2): 13.3% (10/75) (P = 0.04). 
As micronutrient levels can vary with inflammation a C-reactive protein (CRP) was also measured in all patients with no significant differences in mean CRP values between patients with PEI (5.6 ± 8.2) and those without PEI (5.1 ± 7.7), or those with a PEI-MD (7.3 ± 10.7) and those without a PEI -MD (4.4 ± 5.4).

Micronutrient deficiency as a prediction of pancreatic enzyme insufficiency
Using the 3-micronutrient deficiencies that were found to have significantly higher deficiency prevalence in patients with PEI (prealbumin, selenium, and magnesium: Table 2) we calculated their accuracy as a test for PEI in our cohort; this showed a positive predictive value of 80%-85.7% and a low sensitivity of 9.8%-19.5% (Table 3).

DISCUSSION
We have shown in this prospective, clinical based study that specific testing for micronutrients associated with PEI in patients with suspected pancreatic disease has a high yield. The prevalence of micronutrient deficiencies was significantly higher in patients with PEI than those without which confirms the association from previous studies[8,11,26,27].  Micronutrient deficiencies were predominantly higher when PEI and radiological CP changes co-existed.  The significant, individual micronutrient deficiencies identified when PEI was present in our study were selenium, magnesium and pre-albumin, and further analysis identified them as a strong predictor of PEI in patients with suspected pancreatic disease. We suggest including selenium, magnesium and pre-albumin when testing for malnutrition in patients with suspected PEI.  
The association of the micronutrients that were used in this study with PEI is also strengthened by the increased prevalence of PEI-MD with lower levels of FEL-1 suggesting that malabsorption is a key component. Malabsorption is a possible cause of PEI-MD and this would also be supported by the higher prevalence of micronutrient deficiencies when patients had a low or normal BMI compared to a raised BMI.
The micronutrients chosen to represent PEI-MD in our study were identified from previous studies and clinical availability. Our results are supported by previous studies showing an association of low selenium, magnesium and prealbumin in patients with PEI[11,26,27].  There was variation in our findings for zinc deficiency when compared to other studies with no patients showing a low zinc level. A recent study of 150 patients with CP including 80 with PEI identified a zinc deficiency in 26% with a deficiency significantly associated with age and smoking but not PEI[28]. The absence of zinc deficiency in our CP patients may be in part due to our cohort containing only 28% of patients with CP identified on CT and a lower recommended laboratory cut off for zinc deficiency of 7.2 µmol/L used in our study compared to 11 µmol/L used in this recent study of CP patients[28]. Although we are unable to recommend zinc to be included from our findings, previous studies would suggest testing to have a high yield in CP patients and be included in nutritional assessment in patients with CP. Reanalyzing our data using 11 µmol/L as a cut off would have identified 23 patients with low zinc levels but with a greater proportion in the group without PEI (16/23), therefore not changing the recommendation of our study and reflects the analyser calibration used in our centre.
We only identified 2 patients with a low copper level (both had PEI). The utility of copper as a micronutrient has been studied previously and a high level rather than low level being observed in a cohort of patients with alcohol-induced CP compared to healthy control, reflecting the inflammatory state of CP rather than malabsorption therefore we feel this is unhelpful to be included as a PEI-MD[29]. 
We detected a significant yield of low prealbumin levels in PEI that has been previously reported, but in the same studies, low RBP levels were also noted in patients with CP[11,30]. We did not detect any low levels of RBP.  Both RBP and prealbumin are proteins produced by the liver, pancreas and visceral adipocytes[31,32]. Increased levels of RBP have been shown to be associated with DM[33,34]. The high prevalence of obesity and DM in our study may explain the absence of RBP deficiency.
We included RBP because vitamin A or retinol was unavailable to the patients in the study and it was felt more appropriate to use RBP in a clinical based or practical study. Retinol is unstable when exposed to heat or light and early studies showed good correlation between concentrations of RBP and retinol[35]. RBP has been shown to have a reasonable sensitivity and specificity in predicting vitamin A deficiency[20]. RBP has been used as a surrogate marker for vitamin A status which can be a simple, inexpensive tool for assessment of vitamin A deficiency in population studies[21,36], however RBP was unhelpful as a PEI-MD in our study patient group.
We did gain access to a vitamin E testing for patients later in the study with a deficiency noted again in the PEI and CP group; however, the low numbers prevented any significant conclusions. Low fat soluble vitamin E levels would be expected given the reduction of pancreatic lipase secretion[37] and reduced pancreatic bicarbonate secretion, which fails to neutralise the acidic pH in the proximal small bowel causing a further reduction in lipase activity[38].  Most studies assessing vitamin E were in patients with CP with or without PEI[5-8] with a similar picture developing in our cohort. Although vitamin D is a fat-soluble vitamin, we chose not to class it as a PEI-MD as it is not specific to PEI and is significantly prevalent in the general adult population.  Although it may be a useful tool to include when assessing general nutritional status, we did not class it as a PEI-MD[5,9].  Fat-soluble vitamins therefore are a major concern in PEI, however in this study their assessment is limited due to our clinical availability of vitamin E (giving lower numbers), vitamin A (using RBP levels as an alternate) and not including those that do not have a significant association (vitamin D), our sample size in this study therefore may have led to it having inadequate power. 
We acknowledge that using FEL-1 to diagnose PEI is less accurate compared to ‘gold standard’ tests, but it widely considered as an acceptable alternative. FEL-1 has become the first line investigation for PEI because it is inexpensive, relatively easy to perform, and readily available. Furthermore, direct ‘gold standard’ tests can be challenging to patients and staff, time-consuming and expensive[13,39-41].  The limited sensitivity of FEL-1 to detect PEI in mild to moderate PEI[18] could be supported by the high positive predictive value (PPV) and specificity of PEI-MD (selenium, magnesium and prealbumin), therefore, the deficiency of these micronutrients would prompt consideration of retesting or follow up to assess for PEI development in the future. The higher PPV but lower sensitives of the most significant micronutrients (prealbumin, selenium, and magnesium: Table 2) could be used as a guide in clinical practice to identify those with PEI and who could benefit from PERT. The 4 patients in our study with a micronutrient deficiency but without PEI or CP may be a focus of a further follow up study. 
This study used standard laboratory cut off values for micronutrient deficiency in our analysis rather than measuring means. We felt the use of binary reporting (normal or abnormal) is more relevant in clinical practice. We also acknowledge that given the clinical nature of the study a number of patients did not have CT scans performed given the lack of clinical findings and normal FEL-1. These patients were presumed to not have CP; however, it is feasible that we missed patients with radiological changes of CP who were asymptomatic. Changes of CP have been found in up to 12% in post-mortem prevalence studies[42,43].  We did reanalyze the data in patients without CP and no PEI that had a CT (31 of the 71 patients without PEI) as they could have been in a more symptomatic group, but this also showed no new differences or findings. 
The strength of our study is the cohort was recruited in a clinical setting according to their symptoms rather than pancreatic morphology. In contrast to previous studies performed exclusively in CP, we were able to include other at-risk groups for PEI including DM.  Finding that PEI exists in patients with no radiological features of CP or pancreatic atrophy are not unique.  Other work assessing PEI in patients without radiological CP features (on EUS or CT) using FEL-1 reported low values in 5%-32% of patients[44,45]. Using an alternative criteria to look for early CP, the Japanese revised clinical diagnostic criteria for chronic pancreatitis[46], we identified 2 patients from the 19 idiopathic PEI group that would fit the ‘early CP’ criteria. This was due to the presence of PEI, abdominal pain, raised alcohol intake and 3 EUS features but did not have CP according to the Cambridge criteria used in this study. 
The patients without both CP and PEI were in a high-risk group were not a true but comparable control group that would be tested in a clinical setting due to their risk of pancreatic disease. 

CONCLUSION
We conclude that micronutrient deficiency, in particular prealbumin, selenium, and magnesium, is common in PEI especially when CP is present. We recommend testing for these markers in those with symptoms suspicious of PEI and pancreatic disease and consider retesting for PEI if deficiencies occur. 

ARTICLE HIGHLIGHTS
Research background
Pancreatic exocrine insufficiency (PEI) can be difficult to diagnose and causes maldigestion symptoms and malabsorption.

Research motivation
There has been a number of studies that have identified PEI associated micronutrient deficiencies (PEI-MD), however there is variation in both the frequency and type of PEI-MD reported with the majority of studies including patients with PEI due to chronic pancreatitis (CP) or CP without PEI.

Research objectives
To prospectively assess the yield and type of PEI–MD in patients with and without PEI secondary to benign pancreatic diseases. 

Research methods
Patients investigated for maldigestion symptoms with Faecal Elastase-1 (FEL-1) and suspected or proven benign pancreatic disease were prospectively identified. At the time of FEL-1 testing serum samples were taken for micronutrients identified by previous studies as PEI-MD.

Research results
112 patients were recruited that underwent testing for FEL-1 and PEI-MD. PEI was identified in 41 (36.6%) patients and pancreatic CT was performed in 82 patients. Overall, a PEI-MD was identified in 21/112 (18.8%) patients. The yield of PEI-MD was 17/41 (41.5%) if PEI was present which was significantly higher than those without 4/71 (5.6%) (P = 0.0001). 

Research conclusions
Testing for PEI-MD in patients with suspected pancreatic disease has a high yield, specifically when PEI and CP are found together.  

Research perspectives
We recommend testing for these markers in those with symptoms suspicious of PEI and pancreatic disease and consider retesting for PEI if deficiencies occur. PEI-MD testing should include selenium, magnesium and prealbumin. 
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Table 1 Demographics of patients with suspected or proven benign pancreatic disease investigated with Faecal Elastase-1 including documented symptoms at time of investigation 
	
	PEI (FEL-1 < 200 µg/g)
	No PEI (FEL-1 > 200 µg/g)

	
	n = 41, mean ± SD or n (%)
	n = 71, mean ± SD or n (%)

	Age (yr)
	58.2 (13.2)
	57.4 (5)

	Female
	14 (34)
	44 (61)

	BMI (kg/m2)
	26.1 (5.9)
	29.9 (7.1)

	Type 1 diabetes mellitus
	9 (22.0)
	11 (15.4)

	Type 2 diabetes mellitus
	13 (31.7)
	26 (36.6)

	Alcohol (unit/wk)
	17.7 ± (22.9)
	12.3 ± (10.5)

	Smoking (pack yr)
	22.3 ± (21.5)
	21.6 ± (20.5)

	Morphological changes of CP1
	22/41 (53.7)
	10/41 (24.3)

	Clinical symptoms
	
	

	Abdominal pain
	21
	38

	Diarrhoea
	9
	19

	Steatorrhoea
	2
	0

	Bloating
	5
	11

	Weight loss
	4
	3


1All patients with PEI and 41 patients without PEI but suspected pancreatic disease underwent cross-sectional imaging.
PEI: Pancreatic exocrine insufficiency; FEL-1: Faecal elastase-1; CP: Chronic pancreatitis; BMI: Body mass index. 




Table 2 Prevalence of micronutrient deficiency1 in 112 patients with suspected pancreatic disease. 
	
	PEI
	No PEI
	P value
	CP PEI
	CP no PEI
	PEI no CP
	No CP no PEI

	n in group
	41
	71
	
	22
	10
	19
	61

	Micronutrients
	

	Prealbumin 
	8 (19.5%)
	2 (2.8%)
	0.005
	6 (27.3%)
	0
	2 (10.5%)
	2 (3.2%)

	RBP
	0
	0
	
	0
	0
	0
	0

	Selenium 
	6 (14.6%)
	1 (1.4%)
	0.01
	5 (22.7%)
	 0
	1 (5.3%)
	1 (1.6%)

	Zinc
	0
	0
	
	0
	0
	0
	0

	Copper
	2 (4.9%)
	0
	
	1 (4.5%)
	0
	1 (5.3%)
	0

	Magnesium
	5 (12.2%)
	1 (1.4%)
	0.02
	3 (13.6%)
	0
	2 (10.5%)
	1 (1.6%)

	Vitamin E (n = 19)
	5/12
(41.7%)
	1/7 (14.3%)
	
	5/8 (62.5%)
	0/5
	0/4
	1/2
(50%)

	Total patients with at least 1 deficiency
	17
(41.5%)
	4 (5.6%)
	0.0001
	13 (59.1%)
	0 P = 0.002a
	4 (21.1%) 
P = 0.03b
	4 (6.6%)


[bookmark: _Hlk86841063]1Micronutrient deficiency defied as level below laboratory ranges: Prealbumin 0.2–0.5 g/L; RBP 20-40 mg/L; Copper 11.0–27.2 µmol/L; Zinc 7.2–20.43 µmol/L; Selenium 0.61–1.24 µmol/L; Magnesium 0.7-1.0 mmol/L; Lipid adjusted vitamin E 3.9-5.9 µmol/L.
aComparing patients with CP and PEI to patients with CP without PEI.
bComparing patients with CP and PEI to patients with PEI without CP.
PEI: Pancreatic exocrine insufficiency; FEL-1: Faecal Elastase-1; CP: Chronic pancreatitis; RBP: Retinol-binding protein. Grouped according to the presence of PEI (FEL-1 < 200 µg/g) and CP. Significant differences identified are shown if P value ≤ 0.05 (Fisher’s test).



Table 3 Assessment of significant micronutrient deficiency to predict pancreatic exocrine insufficiency (Faecal Elastase-1 < 200 µg/g)
	
	Prealbumin
	Selenium
	Magnesium

	Sensitivity 
	19.5% [95%CI: 8.8-34.9]
	14.6% [95%CI: 6.6-33.7]
	9.8 % [95%CI: 3.3-21.4]

	Specificity
	97.2% [95%CI: 90.2-99.7]
	98.5% [95%CI: 92.1-99.7]
	98.6% [95%CI: 92.4-100]

	PPV 
	80.0% [95%CI: 47.1-94.7]
	85.7% [95%CI: 42.1-99.6]
	83.3% [95%CI: 37.6-97.7]

	NPV 
	67.7% [95%CI: 64.2-71]
	66.7% [95%CI: 56.8-75.6]
	60.3% [95%CI: 58.1-62.2]

	Accuracy 
	68.8% [95%CI: 59.3-77.2]
	67.9% [95%CI: 58.4-76.3]
	61.5% [95%CI: 52.2-70.1]


PPV: Positive predictive value; NPV: Negative predictive value. 
