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Abstract
Background  Pain is a major problem in 90% of patients with chronic pancreatitis (CP). Studies evaluating response to anti-
oxidants (AO) are conflicting and no pediatric studies are available.
Aims  To evaluate markers of oxidative stress (OS), and efficacy and predictors of response to AO in improving pain in 
children with CP.
Methods  Antioxidants were given to CP children for 6 months. Subjects were assessed at baseline and post-therapy for pain 
and markers of OS [serum thiobarbituric acid reactive substances (TBARS), superoxide dismutase (S-SOD)] and antioxidant 
levels [vitamin C, selenium, total antioxidant capacity-ferric reducing ability of plasma (FRAP)]. Matched healthy controls 
were assessed for OS and antioxidant levels. Good response was defined as ≥ 50% reduction in number of painful days/month.
Results  48 CP children (25 boys, age 13 years) and 14 controls were enrolled. 38/48 cases completed 6 months of therapy. CP 
cases had higher OS [TBARS (7.8 vs 5.2 nmol/mL; p < 0.001)] and lower antioxidant levels [FRAP (231 vs. 381.3 µmol/L; 
p = 0.003), vitamin C (0.646 vs. 0.780 mg/dL; p < 0.001)] than controls. Significant reduction in TBARS and S-SOD and 
increase in FRAP, vitamin C, and selenium occurred after 6 months. 10.5% cases had minor side effects. 26(68%) cases had 
a good response, with 9(24%) becoming pain-free. Subjects with severe ductal changes had lower median BMI (− 0.73 vs 
0.10; p = 0.04) and responded less often than those with mild changes (17/29 vs 9/9; p = 0.036).
Conclusion  CP children have higher OS than healthy controls. Antioxidant therapy is safe. Pain response is seen in 68% 
cases, less often in patients with severe ductal changes.
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Abbreviations
CP	� Chronic pancreatitis
OS	� Oxidative stress
AO	� Antioxidants
MRCP	� Magnetic resonance cholangiopancreatography
MPD	� Main pancreatic duct
TBARS	� Thiobarbituric acid reactive substances
FRAP	� Ferric reducing ability of plasma

S-SOD	� Serum superoxide dismutase
Se	� Selenium
R+	� Patients with ≥ 50% response in pain after anti-

oxidant therapy
R−	� Patients with < 50% response, no change or 

worsening of pain after antioxidant therapy
BMI	� Body Mass Index
hpf	� High power field

Introduction

Chronic pancreatitis (CP) is a progressive inflammatory 
disease of the pancreas resulting in slow destruction of pan-
creatic parenchyma and subsequent fibrosis. An epidemio-
logical study showed a threefold rise in incidence of CP in 
adults, from 5.4 in 1994 to 14/100,000 population in 2011 
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[1]. A similar increase was witnessed in children with acute 
recurrent pancreatitis and CP over the last decade [2].

Pain is a major problem in 90% of patients with CP [3]. 
Oxidative stress (OS) and depletion of antioxidants (AO) and 
their precursors have been shown in adults with CP [4]. In 
2014, a meta-analysis of 8 studies in adults with CP showed 
that antioxidant treatment leads to significant reduction of 
pain and analgesic requirement [5]. Another meta-analysis 
with overlapping studies concluded that overall there was no 
association of antioxidant therapy with pain reduction. How-
ever, studies using a combination of multiple AO showed 
significant pain reduction while those employing single AO 
did not improve pain [6]. Thus, there is still no consensus 
on role of AO therapy.

Children and adults with CP differ in terms of nutritional 
status, etiology (alcohol in adults), prevalence of smoking, 
and disease severity. Data from adults cannot be directly 
extrapolated to children. Although AO are often used in 
children with CP, there is no published study on its efficacy.

The objectives of our study were to evaluate (1) the mark-
ers of OS and antioxidants (AO) in children with CP as com-
pared to healthy controls, (2) safety and efficacy of combina-
tion antioxidant supplementation in relieving pain, and (3) 
identify predictors of response to AO therapy.

Methods

Study Design

Prospective study was done from May 2018 to April 2020 
in the pediatric gastroenterology services of a tertiary refer-
ral center.

Patients

Consecutive patients (age 6–18 years, newly diagnosed or 
in follow-up) with CP were evaluated. CP was defined as 
per International Study Group of Pediatric Pancreatitis: In 
Search for a Cure consortium (INSPPIRE) criteria [7]. All 
patients underwent a detailed evaluation including family 
history of pancreatitis, history of trauma, any smoking/alco-
hol intake, and co-morbidities. Biochemical work-up (lipid 
profile, liver enzymes, serum bilirubin, albumin, and cal-
cium) was done in all cases. Ultrasonography and magnetic 
resonance cholangiopancreatography (MRCP) were done at 
1st OPD visit (visit 1, time “-1” month) to diagnose CP and 
any structural/biliary abnormality. Modified MRCP Cam-
bridge criteria were used to grade changes for CP as mild, 
moderate, and severe [8]. Diabetes mellitus was diagnosed 
as per American Diabetes Association criteria [9] and pan-
creatic exocrine insufficiency (PEI) by Sudan’s stain of stool 
fat (> 10 globules/high power field) [10].

Patients on AO or pain modulatory medications (tricyclic 
antidepressants) in past 6 months, those with interventions 
for pain reduction (celiac ganglion block, pancreatic duct 
endotherapy, or biliopancreatic surgery), having infrequent 
pain (< 2 days in preceding 6 months) or refusing consent 
were excluded.

Controls

Age- and gender-matched healthy children were enrolled as 
controls (n = 14) for comparison of the markers of OS and 
AO levels. Subjects with chronic systemic illness, acute ill-
ness in last 6 months, intake of vitamin/micronutrient sup-
plements, or any dietary restrictions were excluded.

Assessment of Pain and Response to Analgesics

At Visit 2, (“0”month) baseline pain profile over 6 months 
prior to enrollment (5 months of historic data from patient 
and one month run-in period between visit 1 and 2, Fig. 1) 
was ascertained in terms of number of painful days, analge-
sic tablets/injections taken, and days hospitalized by detailed 
assessment of the patient’s previous records.

Patients were taught the Faces Pain scale [11] and asked 
to maintain a pain diary marking a painful day, type and 
number of analgesics taken, and days of hospitalization. A 
painful day was defined as one with pancreatic pain, with 
Faces scale score ≥ 4, lasting for > 30 min or any pain requir-
ing analgesic or nocturnal pain disturbing sleep. Patients 
were assessed telephonically every month and followed in 
OPD at 3 (visit 3) and 6 months (visit 4, final follow-up) 
of starting AO. Pain frequency, compliance to medication, 
and any adverse effects were noted at each visit. Response 
to antioxidants was assessed at 6 months for those with full 
follow-up.

Study Medication

All patients were given a combination antioxidant prepara-
tion containing Selenium (75 μg), vitamin C (67.5 mg), Beta 
Carotene (1125 IU), vitamin E (33.75 IU), and l-Methionine 
(250 mg). In the absence of pediatric recommendations and 
adult dose being 8 capsules/day [12], an empirical dose of 1 
capsule thrice daily (age < 10 years), 2 capsules twice daily 
(10–15 years), and 2 capsules thrice daily (> 15 years) was 
used.

Outcome Measures

Primary outcome was change in number of painful days 
per month from baseline. Secondary outcomes were 
change in consumption of analgesics (tablet or inject-
able), number of hospitalizations, days hospitalized, and 
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markers of OS and AO capacity. Patients were classified 
as responders (pain-free [complete response] or ≥ 50% 
reduction in the painful days) and non-responders (< 50% 
decrease [poor response] or no decrease or worsening of 
pain).

OS and AO

A 5-mL fasting blood sample (2 mL EDTA, 3 mL plain vial) 
was taken, at baseline and 6 months of therapy. Two aliquots of 
200 µL of plasma and 4 aliquots of 200 µL of sera were stored 

Fig. 1   Study flow depicting 
the steps of screening, baseline 
investigations, enrollment 
(n = 48), pain assessment, 
estimation of oxidative stress 
(OS) and antioxidant (AO) 
levels and exclusions at various 
time points, and final follow-up 
(n = 38)
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at − 80 °C till analysis. Serum superoxide dismutase (S-SOD, 
Marklund and Marklund [13]) and thiobarbituric acid reactive 
substances (TBARS, Buege and Aust [14]) which indicate the 
degree of lipid peroxidation were measured as markers of OS. 
AO measured included Vitamin C (Okamura [15]), Selenium 
(graphite furnace atomic absorption spectrometry [16]), and 
total antioxidant capacity (measured as ferric reducing ability 
of plasma, FRAP, Benzie, and Strain [17]).

Ethics

Institute’s ethics committee (IEC code 2018-72-DM-103) 
approved the study before initiation. Informed consent was 
taken from parents of all participating subjects prior to 
enrollment.

Statistical Analysis

Continuous data are represented as median (interquartile 
range “IQR”) and categorical as frequency (%). Continuous 
variables between 2 groups were compared with Mann Whit-
ney U test and paired continuous data of the same group by 
Wilcoxon signed rank test. Categorical variables were com-
pared by χ2 test/Fisher exact test. Univariate and multivariate 
binary logistic regression analysis was done to identify the 
predictors of pain response. A p value < 0.05 was taken as 
significant. Statistical package for social sciences version-23 
(SPSS-23, IBM Chicago, USA) was used.

Results

Patient Characteristics and Study Flow

Patient enrollment and assessment are shown in Fig. 1. 
Age at onset of symptoms and enrollment (n-48) was 10.5 

(8.3, 12) and 13 (12, 15.8) years, respectively. Consanguin-
ity was present in 3 (6.2%) and family history of CP in 3 
(6.2%, paternal uncle, aunt, and 1st cousin) cases. Only 6.2% 
(3/48), 4.2% (2/48), and 8.3% (4/48) patients had a weight, 
height, and BMI < − 2SD, respectively [18]. Three patients 
(3/48, 6.2%) were obese (BMI > 27 adult equivalent). No 
patient had clinical steatorrhea. 5/48 (10.4%) cases had > 10 
fat globules/hpf; however, only 1 patient was on pancreatic 
enzyme replacement therapy (PERT) both before and during 
AO therapy.

According to Cambridge classification, 10 (20.8%) were 
mild, 11 (23%) moderate, and 27 (56%) were severe CP. 
Overall, 28/48 (58.3%) cases had pancreatic calcifications, 
ductal calculi in 20/48 (41%), and parenchymal calcifica-
tions in 8/48 (16.7%).

4/48 (8.3%) cases had a small pseudocyst on imaging 
at enrollment. Of them, 1 patient was lost to follow-up and 
there was no change in size of pseudocyst or need of drain-
age in the remaining 3 cases, over the study period. Lipid 
profile and calcium levels were normal in all. The etiol-
ogy of CP was post-traumatic in 2 (4.1%) patients and idi-
opathic (no other discernible cause) short of genetic studies 
in remaining.

38 patients (age < 10  years (n = 6), 10–15  years 
(n = 23), > 15 years (n = 9)) completed the study and final 
follow-up. Of the remaining 10 cases, 5 (10.4%) were lost 
to follow-up at 3-month visit and 5 required additional treat-
ment for pain (endotherapy-3, amytriptyline-2) after starting 
antioxidants (Fig. 1).

Comparison of OS and AO Markers Between CP 
and Controls

Age, gender, anthropometry, and markers of OS in CP cases 
and controls are shown in Table 1. Among measures of OS, 

Table 1   Comparison of baseline demography, oxidative stress, and antioxidant markers between children with CP (n = 48) and controls (n = 14)

Bold values are statistically significant (p < 0.05)
a Data represented as median (IQR 25,75) or n (%)

Parametera CP (n = 48) Controls (n = 14) p value

Age in years 13 (12, 15.75) 11.8 (9.87, 16.0) 0.46
Gender [Male-n(%)] 25 (52.1%) 10 (71.4%) 0.19
Weight z score  − 0.64 (− 1.31, 0.27)  − 0.08 (− 0.94, 0.67) 0.17
Height z score  − 0.57 (− 0.88, 0.44)  − 0.22 (− 0.76, 1.05) 0.27
Body mass index z score  − 0.56 (− 1.17, 0.18)  − 0.22 (− 1.14, 0.74) 0.40
Thiobarbituric acid reactive substances (nmol/mL) 7.79 (6.64, 8.9) 5.20 (4.15, 6.0)  < 0.001
Serum superoxide dismutase (U/mL) 3.66 (2.15, 4.32) 3.36 (2.27, 3.86) 0.44
Ferric reducing ability of plasma (µmol/L) 230.9 (177.3, 321.2) 381.3 (245.7, 436.0) 0.003
Vitamin C (mg/dL) 0.65 (0.59, 0.70) 0.78 (0.72, 0.97)  < 0.001
Selenium (µg/L) 30.3 (25, 37.7) 34.4 (32, 41.6) 0.07
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TBARS was significantly higher in cases than controls. 
Among the antioxidant markers, FRAP and vitamin C levels 
were significantly lower in CP.

Response in Pain, OS, and AO Markers After 6 
Months of Therapy

The pain frequency, need of analgesics and hospitalization, 
OS and AO markers at baseline and at 6 months of antioxi-
dant therapy in the 38 cases with full follow-up are shown 
in Table 2.

All patients were compliant to therapy barring 2 cases 
who took lesser dose inadvertently for 1 month and one 
patient who missed the medication for 2 weeks in between. 
These 3 cases were re-instructed about proper dose and 
compliance during telephonic assessment. There were no 
major adverse effects and none required dose modification 

or drug discontinuation. However, 4/38 (10.5%) cases had 
minor side effects: constipation (n = 2, resolved with oral 
polyethylene glycol), reflux symptoms (n = 1, responsive 
to proton pump inhibitor), and bad taste (n = 1).

After antioxidant supplementation, pain reduced sig-
nificantly to ≤ 50% of baseline in 68.4% cases (26/38, 
Responders, R +) with 9 cases (23.7%) being pain-
free. In the remaining 12 (31.6%, non-responders, R-), 
pain reduced by < 50% in 4 (10.53%) and worsened in 
8 (21.05%) patients (Fig.  2). We separately looked at 
response rate in patients with frequent pain (≥ 1 day per 
month, n = 25) and infrequent pain (< 1 day/month, n = 13) 
and found no difference in proportion of responders 
(17/25[68%] vs 9/13[69%]; p = 0.94). Two out of 3 patients 
with family history of CP completed the study, both were 
responders and there was no significant difference in 

Table 2   Pain attributes, oxidative stress, and antioxidant status before and after Antioxidants

a Data represented as median(IQR)

Characteristica Before antioxidants (N = 38) After 6 mo of antioxidants (N = 38) p value

No. of painful days/month 1.41 (0.66, 1.74) 0.5 (0.12, 1.16) 0.001
Oral analgesic requirement/month 1 (0.33, 2.41) 0.5 (0, 1.37) 0.008
Parenteral analgesic requirement/month 0.5 (0, 1.37) 0 (0, 0.16)  < 0.001
No. of hospitalizations/month 0.167 (0, 0.17) 0 (0, 0)  < 0.001
No. of days of hospital stay/month 0.583 (0, 1.21) 0(0, 0)  < 0.001
Thiobarbituric acid reactive substances (nmol/mL) 7.99 (6.09, 9.07) 6.65 (5.2, 7.42) 0.004
Serum superoxide dismutase (U/mL) 3.83 (2.13, 4.34) 2.49 (1.65, 3.98) 0.001
Ferric reducing ability of plasma (µmol/L) 229.65 (173.04, 317.95) 457.36 (341.71, 595.47)  < 0.001
Vitamin C (mg/dL) 0.646 (0.594, 0.713) 0.859 (0.694, 0.972)  < 0.001
Selenium (µg/L) 28.15 (23.85, 39.06) 32.62 (25.82, 38.39) 0.04

Fig. 2   Pie chart showing proportion of patients with complete, sig-
nificant, poor, and no response to antioxidants at 6  months of ther-
apy. Complete response: 100% response (no painful days); Signifi-

cant response: ≥ 50% decrease in painful days; Poor response: < 50% 
decrease in painful days; No response/Increase: no change in no. of 
painful days or an increase in no. of painful days
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outcome of pain response between those with or without 
a family history of CP (p = 0.324).

Comparison Between Responders 
and Non‑responders

Table 3 shows the comparative profile of responders (R+) 
and non-responders (R−). The groups were similar in terms 
of age at disease onset, anthropometry, and pain character-
istics. Baseline OS and AO markers were similar, except 
serum selenium which was significantly lower in R− (25.8 
[17.79, 27.92] vs. 33.1 [25.35, 41.67] µg/L; p = 0.03). 
Although serum selenium increased (8.02 [2.99, 14.70] vs 
2.35 [− 4.66, 5.75] µg/L; p = 0.01) significantly more in the 
R− group than the R+ group, the final levels were similar 
in R+ and R− (Table 3). Patients with mild changes as per 
Cambridge responded more often than those with moder-
ate–severe disease [100% (9/9) vs. 58% (17/29); p = 0.036]. 

On univariate analysis, higher hemoglobin (OR 2.13, 95%CI 
1.15–3.94, p = 0.045) and higher serum selenium (OR 1.099, 
95% CI 1.02–1.18, p = 0.03) at baseline were significant pre-
dictors of response. However, on multivariate analysis, none 
were significant.

Table 4 shows the comparison of the pain characteristics, 
anthropometry, and markers of oxidative cases in patients 
with mild vs moderate–severe disease. Subjects with 
mod–severe disease had lower BMI and higher proportion 
of calcific disease including MPD calculi. There was no dif-
ference in markers of OS between the groups.

Discussion

Pain was the predominant complaint at hospital visit in our 
children, similar to others [19]. The reasons for pain in CP 
include OS, pancreatic neuropathy, ductal hypertension, 

Table 3   Comparison of clinico-laboratory profile, Oxidative stress, and Antioxidant markers between responders and non-responders (N = 38)

Bold values are statistically significant (p < 0.05)
OS oxidative stress, AO antioxidants, TBARS thiobarbituric acid reactive substances, sSOD serum superoxide dismutase, FRAP ferric reducing 
ability of plasma;
A—baseline values, B—after 6 months of antioxidants
a Data represented as median (IQR 25, 75) or n(%)

Characteristica Responders (N = 26) Non-responders (N = 12) p value

Age at onset (years) 11 (9, 14) 10.5 (7, 12) 0.23
Age at enrollment (years) 13.3 (12, 16.3) 13 (8.75, 13) 0.1
Gender (Male) 16 (61.5%) 5 (41.2%) 0.25
Baseline characteristics
Weight z score  − 0.52 (− 1.20, 0.16)  − 0.75 (− 1.30, 0.04) 0.43
Height z score  − 0.57 (− 0.82, 0.37)  − 0.63 (− 1.20, 0.24) 0.50
Body Mass Index z score  − 0.38 (− 1.11, 0.23)  − 0.69 (− 1.23, 0.32) 0.31
Cambridge grade (n, %) 0.036
Mild (9, 23.6%) 9 (100%) 0 (0%)
Moderate-severe (29, 76.4%) 17 (58.6%) 12 (41.4%)
Calcific disease 13 (50%) 9 (75%) 0.15
Exocrine insufficiency (abnormal fecal fat), n(%) 4 (15.4%) 1 (8.3%) 0.55
Endocrine insufficiency (Diabetes, HbA1c > 6.5) 0 0 NA
Transient non-compliance to medication 1(3.8%) 2(17%) 0.17
Baseline
TBARS-A (nmol/mL) 7.75 (6.20, 8.97) 7.99 (5.68, 9.16) 0.91
sSOD-A (U/mL) 4.03 (2.39, 4.92) 2.91 (1.97, 3.95) 0.08
FRAP-A (µM/L) 214.77 (153.31, 299.52) 258.11 (190.18, 322.48) 0.31
Vitamin C—A (mg/dL) 0.646 (0.598, 0.703) 0.643 (0.594, 0.715) 0.82
Selenium-A (µg/L) 33.1 (25.35, 41.67) 25.8 (17.79, 27.92) 0.02
After 6 months of antioxidant therapy
TBARS-B (nmol/mL) 6.75 (5.43, 7.60) 5.45 (4.67, 6.85) 0.13
sSOD-B (U/mL) 3.16 (2.01, 4.48) 1.76 (1.61, 2.34) 0.003
FRAP-B (µM/L) 444.42 (294.73, 643.30) 474.82 (378, 561.51) 1.0
Vitamin C—B (mg/dL) 0.841 (0.714, 1.02) 0.874 (0.651, 0.920) 0.52
Selenium-B (µg/L) 32.62 (24.24, 38.4) 32.15 (26.71, 39.30) 0.82
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and local complications (pseudocysts) which may be oper-
ating simultaneously [20]. Braganza et al. suggested that 
pathologic exposure of the pancreatic acinar cells to short-
lived oxygen-free radicals leads to “OS” causing cellular 
injury [21]. Depletion of antioxidant factors with an excess 
of OS both within the pancreas and in circulation occurs in 
CP [22]. Our study is in line with these observations. Both 
markers of OS i.e., TBARS and sSOD were higher in chil-
dren with CP than controls, but the difference was significant 
only for TBARS. This lack of significance could be due to 
a small sample size or because higher SOD is mainly a fea-
ture of alcoholic pancreatitis [23, 24]. None of our subjects 
consumed alcohol.

Among AO, vitamin C and FRAP were significantly 
lower in CP compared to controls, consistent with studies 
in adults with CP [25, 26]. Uden et al. showed significantly 
lower serum Se levels in CP [27]. In our study, Se levels 
were lower in CP patients, but not significantly. Vaona et al. 
[28] suggested an association of selenium with PEI, being 
significantly lower in patients with moderate to severe PEI 
than in controls. We also found lower (though not signifi-
cant) Se levels in our patients with PEI (n = 5) vs. those with-
out PEI (n = 43, 24.9 [17.2, 36.8] µg/L vs. 31.4 [25.5, 38] 
µg/L; p = 0.28). Se levels were significantly lower (p = 0.05) 
in CP with PEI compared to healthy controls, similar to the 
above study.

Oxidative stress may also be influenced by malnutrition, 
with higher OS in patients with severe malnutrition com-
pared to healthy controls [29–31]. Four (8.3%) CP children 
had a low BMI (< − 2SD), but the OS markers were not dif-
ferent from those without malnutrition (TBARS 6.95 [4.44, 
8.15] vs. 7.99 [6.65, 8.99] nmol/mL, p = 0.25; sSOD 3.60 
[2.62, 7.04] vs. 3.66 [2.12, 4.32] U/mL, p = 0.65). Among 
AO, FRAP (237.4 [180.5, 329.3] vs. 230.9 [177.2, 321.2] 
µmol/L, p = 0.84) and Se (23.02 [10.07, 35.95]) vs. 30.30 
[25.5, 38.52] µg/L; p = 0.27) were comparable, while Vit 
C (0.572 [0.543, 0.627] vs. 0.658 [0.605, 0.715] mg/dL, 
p = 0.03) was lower in those with malnutrition. This sup-
ports that the increased OS is likely to be due to CP and not 
malnutrition. Lower Vit C concentrations may be indepen-
dently found in malnutrition [32, 33]. The etiology of CP 
was idiopathic in a majority, after excluding metabolic and 
structural causes with < 5% being post traumatic. There was 
no alcohol intake or smoking (active or passive), which can 
affect the OS and common in adults [12, 34–36].

We found a significant reduction in markers of OS and 
improvement in AO levels after 6 months of supplementa-
tion which is expected and similar to others [12, 36]. The 
composition and dosage of the antioxidant supplementa-
tion varies in adult studies, but most had selenium, ascor-
bic acid, beta carotene, and methionine [22]. The most 
important component is thought to be methionine, a methyl 
group donor with potential to restore signal transduction for 

Table 4   Comparison of 
clinico-laboratory profile and 
markers of oxidative stress 
between patients with mild vs 
moderate–severe ductal changes 
at enrollment (N = 38)

Bold values are statistically significant (p < 0.05)
After 6 months of antioxidant therapy: Both the groups showed a similar change (delta) in TBARS, sSOD, 
FRAP, Vitamin C, or selenium values (post therapy- pretherapy)
TBARS thiobarbituric acid reactive substances, sSOD serum superoxide dismutase, FRAP ferric reducing 
ability of plasma
a Data represented as median (range) or n (%)

Characteristica Mild (N = 9/38) Mod–severe (N = 29/38) p value

Age at onset (years) 11 (9, 16) 11 (2,16) 0.4
Age at enrollment (years) 13.5 (12, 17) 13 (6,17) 0.2
Symptom duration (months) 24 (9, 96) 24 (6, 120) 0.9
Baseline characteristics
Weight z score  − 0.06 (− 2.0, 2.0)  − 0.8 (− 1.9, 1.2) 0.06
Height z score  − 0.1 (− 1.1, 2.3)  − 0.5 (− 2.0, 3.4) 0.2
Body Mass Index z score 0.10 (− 2.0, 2.0)  − 0.73 (− 2.3, 1.6) 0.04
MPD calculi 0/9 15/29 0.006
Only parenchymal calcification 1/9 (11.1%) 6/29 (20.7%) 0.51
Calcific disease 1/9(50%) 21/29(75%) 0.002
Painful days/month 1 (0.6, 3.5) 1.5 (0.3, 13) 0.9
TBARS-A (nmol/mL) 8.2 (4.8, 25) 7.9 (3.5, 19.2) 0.3
sSOD-A (U/mL) 3.9 (1.6, 5.1) 3.8 (1.03, 11.1) 0.7
FRAP-A (µM/L) 227.7 (111.27, 477.4) 231.5(98.3, 840.9) 0.8
Vitamin C—A (mg/dL) 0.69 (0.57, 1.08) 0.62 (0.51, 1.3) 0.06
Selenium-A (µg/L) 32.9 (14.8, 43.8) 27.1 (13.1–55.1) 0.4
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zymogen exocytosis in the pancreatic acinar cells. Its defi-
ciency leads to intra-acinar zymogen release and activation 
of the inflammatory cascade [37, 38]. A dose of 2–4 g/day is 
effective in reducing pain in adults with CP [22]. There is no 
recommendation about methionine dose in children with CP. 
We used a dose of 0.75 to 1.5 g/day as per age and found it 
to be equally effective across 6–18y of age (response seen in 
3/6, 15/23 and 8/9 cases in < 10y, 10–15 years and > 15 years 
old subjects; p = 0.3). The medication was well tolerated 
with minor side effects in 10.5% cases. The meta-analysis of 
studies with methionine containing AO showed side effects 
in 19.2% cases vs. 4.3% (p = 0.005) in placebo. Common 
side effects included constipation, nausea, heart burn, bad 
taste, and headache, similar to our observation [22].

One meta-analysis [5] and a Cochrane review [39] in 
adults have shown the efficacy of AO in reducing pain in CP, 
while another meta-analysis [6] showed efficacy of combined 
AO and refuted efficacy of single AO. The included studies 
showed pain relief with AO in 32–100% cases. We showed 
a significant response in pain using combined antioxidant 
therapy in 2/3rd of our cases with 23.7% becoming pain-
free. 32% cases became pain-free in the study of Bharadwaj 
et al., pain improvement being present around ~ 3 months 
[12]. Table 5 summarizes studies which included pediatric 
patients albeit in limited numbers, and compares it with the 
present exclusive pediatric prospective study.

Non-responders had lower selenium, hemoglobin, and 
more severe Cambridge grade with changes in the main 
pancreatic duct (MPD) than responders. Studies in adults 
implicate alcohol as etiology, continued smoking, and high 
addiction to opiates to be poorly responsive to antioxidant 
therapy [40, 41]. None of these were applicable to our chil-
dren. Lower selenium in R− suggests higher OS, and exces-
sive consumption of Se for neutralizing the release of free 
radicals locally [42]. We feel that in patients with dilated 
MPD with/without stenosis, calculi, an additional factor 
of ductal hypertension may be contributing to pain and 
poorer response. Talukdar et al. evaluated CP patients with 
recurrence of pain after clearance of ductal calculi. Patients 
were treated with a combination of AO and pregabalin and 
showed superior pain response compared to placebo [43]. 
This supports that pain in CP is a result of multiple inde-
pendent but overlapping mechanisms, and a combination of 
treatments is required to achieve response [44].

The post-therapy sSOD in our study was higher in the 
responders as compared to non-responders. However, it was 
not higher than the value in healthy controls. Possibly, over-
all collective change in OS is more important than change in 
one marker and needs to be studied further.

Our study has certain limitations. We have not done genetic 
analysis in our cohort, hence we could not determine the pro-
portion of hereditary pancreatitis cases. However, in a previous 

study of our idiopathic CP cases, none had mutation in PRSS-
1gene [45]. Fecal elastase rather than Sudan stain should have 
been used for diagnosis of PEI. As there was only one case on 
PERT and he was taking the enzymes both before and during 
antioxidant therapy, it is unlikely to confound the assessment 
of response. A small pseudocyst was present in 3 cases with 
response to AO. However, the pseudocyst did not reduce in 
size during therapy and thus unlikely to have contributed to 
pain response. On exclusion of these 3 cases, the proportion 
of responders (23/35, 65.7%) and other results did not change.

We have evaluated OS at baseline and 6 months, so 
time-line of improvement in OS cannot be assessed. Pain 
assessment has limitations including a recall bias for base-
line pain. To minimize this, we used one month of run-in 
period and five months of recall (total 6mo). All children 
were neuro-developmentally normal, and did not have any 
other cause of pain. We interviewed both parents, reviewed 
the hospital records and medical prescriptions of the pre-
ceding 6 months, and used a calendar to aid and enhance 
recall and then note the actual “number of painful days” at 
baseline. During the antioxidant phase, for younger children 
(< 10 years), parents maintained the pain chart, while older 
children maintained the charts themselves under parental 
supervision. Regular phone calls from the investigators and 
a well-designed pain diary using vernacular language in 
addition to English increased the accuracy of pain measure-
ment. Even the R− group of patients had a reduction in the 
number of injectable analgesics and hospitalization, attrib-
utable to disease counseling, step-wise pain management 
with optimal utilization of oral analgesics, and alleviation 
of patient/parental anxiety. Our study is not a randomized 
controlled trial (RCT) which would have provided the best 
evidence for efficacy of AO therapy. This being a pilot study 
in children is limited by a relatively small sample size and a 
shorter duration of follow-up. However, this is the first study 
to prospectively establish the safety and efficacy of AO in 
CP children and sets the stage for future RCTs.

We conclude that children with CP have higher OS and 
lower antioxidant capacity compared to healthy controls. 
Methionine containing AO are well tolerated and 68% chil-
dren show a good pain response with improvement in the 
markers of OS. A step-up pain management strategy and 
counseling leads to reduced hospitalization and injectable 
analgesic use in all cases.

Key Messages

•	 There is higher OS in children with CP compared to 
healthy controls.

•	 Antioxidant therapy is safe and well tolerated in children. 
Six months of therapy reduces the number of painful 
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days, requirement of analgesics, and hospitalization in 
two-thirds of cases.

•	 Patients with milder ductal changes are more likely to 
respond to antioxidant therapy.
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