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Background: Pain in CP results from inflammation and neuroimmune alterations that are associated with
oxidative stress, among other mechanisms. This is marked by depletion of antioxidant defenses including
methionine, which is a donor of methyl moieties that maintains the acinar transsulfuration pathway. We
performed a systematic review and meta-analysis of trials evaluating methionine-containing antioxi-
dants in CP.
Patient and methods: Literature search was conducted in Medline/Pubmed, EMBASE, and Cochrane da-
tabases. Systematic review and meta-analysis was performed per PRISMA guidelines. Main study
outcome was pain relief. GRADE system was used for quality assessment. Heterogeneity was assessed by
the Q and I2 measures; publication bias by Egger's test. Random-effect model (DerSimonian and Laird)
was used if there was heterogeneity.
Results: Eight studies (n ¼ 411) were identified that used methionine-containing antioxidants. The study
duration ranged from 10 wks to 12 months. All studies used methionine, organic selenium, ascorbate,
beta-carotene and alpha-tocoferol. Four studies (including two RCTs) that reported change in pain scores
were metaanalyzed. Though overall effect [standardized difference in means (95% CI)] on pain score
reduction was �0.95 (�1.738 to �0.160) (z ¼ �2.36; p ¼ 0.018), the significance was lost when the two
RCTs were meta-analyzed. RCTs that reported the number of pain free patients had a statistically sig-
nificant overall effect of �3.204 (p ¼ 0.001). Though more patients on methionine containing antioxi-
dants had adverse events, majority of them were mild.
Conclusion: Methionine containing antioxidants appear to result in pain reduction in a significant pro-
portion of CP patients. Further randomized controlled trials with homogeneous outcome measures are
needed.
Copyright © 2015, IAP and EPC. Published by Elsevier India, a division of Reed Elsevier India Pvt. Ltd. All
rights reserved.
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Introduction

Pain in chronic pancreatitis (CP) is as enigmatic as the disease
itself. Majority of the patients with CP presents with recurrent
intractable abdominal pain that mandates aggressive management
approaches. Several modalities of pain management in CP (eg.
pancreatic enzymes, antioxidants, extracorporeal shock wave lith-
otripsy, pancreatic duct stenting, and surgical drainage and resec-
tion procedures) have evolved over the years. Unfortunately, none
of these currently existing therapeutic modalities is completely
efficient in providing permanent pain relief in a consistent and
predictable manner. This testifies the complex and multifactorial
mechanisms of genesis of pain in CP [1].
ed Elsevier India Pvt. Ltd. All rights reserved.
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Several clinical and experimental studies have demonstrated
generation of oxidative stress and depletion of antioxidant defenses
in CP both within the gland in an organ-specific manner and in
circulation [2e9]. In the pancreas, reactive oxygen species (ROS) are
generated within the acinar and pancreatic stellate cells (PSCs)
irrespective of the etiology. An important aspect of intra-acinar
oxidative stress is the derangement of the transsulfuration
pathway that is required for zymogen exocytosis [10e12]. This re-
sults in recurrent intraacinar zymogen activation consequent to
pancreastasis. Methyl and thiol donors such as methionine and
ascorbic acid are necessary for maintenance of the transsulfuration
pathway. Depletion of these in the presence of recurrent ROS
generation results in a pro-oxidant state that is known to trigger
inflammatory cascades (Fig. 1) [13,14].

Even though several clinical studies have evaluated different
antioxidant preparations (eg. methionine, ascorbic acid, selenium,
dimethyl sulfoxide, alpha-tocoferol, beta-carotene, curcumin, S
adenosyl methionine), results have been variable [15]. Even in
actual clinical experience opinion regarding the efficacy of antiox-
idants in pain relief in patients with CP appears disparate. Few of
the possible reasons for variability in results of antioxidant trials
and non-efficacy of antioxidants in clinical practice could be the use
of inappropriate antioxidant agents or antioxidant use at a subop-
timal dose. Furthermore, in view of the complexity of pain
Fig. 1. Schematic diagram representing the rationale for studying methionine containing
oxygen species; PSC pancreatic stellate cells.
mechanism, a single antioxidant agent is unlikely to show sufficient
benefit. From a mechanistic perspective particularly in the context
of CP, methionine appears to be an important component in
maintaining the transsulfuration pathway and preventing pan-
creastasis and subsequent inflammation. We therefore conducted
the current systematic review and meta-analysis to evaluate the
role of methionine containing antioxidant combination in man-
aging pain in CP.

Material and methods

Study selection

This systematic review and meta-analysis was conducted as per
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines [16]. We conducted a systematic
literature search in Medline/Pubmed, Excerpta Medica Database
(EMBASE), Scopus, and Cochrane databases from January 1980 to
August 2014 and proceedings of major conferences from January
2000 to August 2014, using the search words ‘chronic pancreatitis’,
‘pain’, and ‘antioxidant’. Inclusion criteria included full-length
manuscripts of trials that used antioxidant combinations contain-
ing methionine and reported effect on pain. There were no lan-
guage restrictions in the selection. Articles in non-English language
antioxidants (adapted from Refs. [10,11,13,14]). CYP indicates cytochrome; ROX reactive
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were translated to English using online translation services (Google
Translate). Exclusion criteria were: experimental studies; obser-
vational and mechanistic (association) studies; studies using single
antioxidant agent; case report/series; abstracts; editorials, com-
mentary and review articles.

Data abstraction

Two of the investigators (RT and HVVM) abstracted data inde-
pendently using a standard proforma; and any discrepancies were
mutually resolved with consensus. Following parameters were
recorded: first author and year of publication; country of origin;
sample size in treated and placebo groups; study duration;
outcome measures and tools used; adverse event reporting;
markers of oxidative stress; circulating antioxidant levels; and
antioxidant capacity. Attempts were made to contact the corre-
sponding authors of studies for any missing data points.

Outcome measures

The study outcome measures were: change in pain score;
number of patients who were completely pain free; number of
hospital visits/hospitalization; analgesic requirement; change in
antioxidant levels in blood; change in markers of oxidative stress in
blood; change in antioxidant capacity; and adverse events related
to antioxidant treatment.

Assessment of study quality

Quality of individual studies was assessed by the Cochrane
GRADE system [17]. Individual studies were assessed for random
sequence generation (selection bias), allocation concealment (se-
lection bias), blinding of participants and personnel (performance
bias), blinding of outcome assessment (detection bias), incomplete
outcome data (attrition bias), selective reporting (reporting bias)
and other potential biases. The risk of bias was expressed as low,
intermediate or high grade for each component in individual
studies. The grades of risk were defined as per the Cochrane
Collaboration definitions.

We also used the GRADE working group definitions [18] to rate
the quality of evidence from individual studies. These included:
high quality-further research is very unlikely to change confidence
in the estimate of effect; moderate quality-further research is likely
to have an important impact on confidence in the estimate andmay
change the estimate; low quality-further research is very likely to
have an important impact on confidence in the estimate and is
likely to change the estimate; very low quality-uncertainty about
the estimate.

Statistical analysis

A database was generated in Excel for Mac (Microsoft Corp.,
Redmont, WA) and meta-analysis was performed using the
Comprehensive Meta-analysis package (Ver. 2.2.064; 2011). Effect
sizes for numerical variables were expressed as standardized dif-
ference in means with 95% confidence interval (CI); while that of
categorical data were expressed as odd's ratio with 95% CI.
Whenever data in individual studies were expressed as a range,
they were converted to standard deviation (SD) before analysis.
Between-study heterogeneity was assessed by the I2 measure, and
was considered to be important if it was greater than 25%. Q
measure was used to evaluate significance of heterogeneity and
was considered statistically significant when p < 0.1. Random effect
model (DerSimonian and Laird) [19] was used when there was
heterogeneity, while a fixed effect model (ManteleHaenszel
method) [20] was used in the absence of heterogeneity. Publication
bias was evaluated and quantified by the Egger's test.

Results

Characteristics of individual studies

As shown in Fig. 2 (PRISMA flow chart), a total of 369 citations
were identified on initial database search. After screening, 306 of
these were excluded and the remaining 63 were thoroughly
assessed for eligibility criteria. Fifty-five of these met exclusion
criteria and were thus excluded. The remaining eight studies
[21e28] were included for qualitative and quantitative analysis.
Two of these studies were the same in terms of design and patient
cohort [27,28], but the clinical outcomes and biochemical param-
eters were published separately as two manuscripts. Only one
sample size was considered from these two studies.

Table 1 shows the study characteristics. Therewere a total of 452
enrolled patients, of which 34 (7.5%) patients did not complete
follow-up, withdrew participation or had to be excluded due to
various reasons after enrollment. Of the 418 analyzed patients 241
were male and mean (SD) age was 36.3 (11.4) yrs. Six studies
[21,22,24,25,27,28] were double blinded randomized controlled
trials (three parallel group and three crossover); while one each
had a non-randomized prospective [23] and a prospective
descriptive pre-post open design [26] respectively. All patients had
documented CP in four studies, while the studies by Castano et al.
[26] and Uden et al. [27,28] included three and five patients with
recurrent acute pancreatitis respectively. The study by Kirk et al.
[25] did not report the etiology of chronic pancreatitis. In the
remaining studies, 155 patients had alcoholic CP; and 140 patients
smoked cigarettes. Adverse outcomes were reported in three
[22,24,25] studies. All of the included studies used organic sele-
nium, methionine, alpha-tocoferol, beta-carotene and ascorbic acid
as the antioxidant combination, in doses as shown in Table 1.

Study outcomes

Table 2 shows the tools that were used to measure the reported
study outcomes. Pain score was reported in 5 studies
[22,23,25,26,28]; however the tools utilized were variable. Three
studies used the visual analog scale (VAS) [23,25,26], one study
used a numeric pain rating scale (NRS) and brief pain inventory
scores (BPI) [22], and one used a pain vocabulary score sheet [28].
Three studies [24,26,28] reported the number of patients with pain
relief. Three studies [24,26,28] reported the number of patients
who were completely pain free, while one study [26] reported the
number of admissions during the study period and two [22,24]
reported the number of hospital visits (in days). Four studies
[21e24] reported the analgesic requirement. Quality of life was
measured in three studies [22,23,25], two [22,23] of which used the
EORTC QLQ C 30 with PAN 28 while one [25] used the SF36 ques-
tionnaire. Plasma antioxidant levels and oxidative stress markers
were measured in four [22,24,25,27] and three [21,24,27] studies
respectively; but there were variability in the parameters reported.
Antioxidant capacity was measured in three studies [21,24,25].

Study quality assessment

Table 3 shows the GRADE analysis of risk of bias across the in-
dividual studies; while Supplementary Fig. 1 depicts the composite
risk of bias graph across all the included studies. Overall, the risk of
bias was low in four [21,22,24,27,28] of the randomized studies. The
two non-randomized studies [23,26] had high risks of selection,
performance and detection biases. The risk of detection bias was



Fig. 2. PRISMA flow diagram depicting the selection of studies for systematic review and meta-analysis.
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unclear in three studies [21,25,27,28]. High attrition and reporting
biases were observed in the study by Kirk et al. [25], which did not
have a wash out period and had a high dropout rate. Furthermore,
VASwas recorded erratically and retrospectively in few cases in this
study, and was therefore not analyzed by the authors.
Effect of antioxidant combination on pain

Four [22,23,26,28] studies reported the effect of antioxidant
combination on pain scores. Even though the study by Kirk et al.
[25] didmeasure pain score, it did not analyze the data. As shown in
Fig. 3a, antioxidant combination resulted in a significant reduction
in pain score, with an overall effect size (Z) of �2.36 (p ¼ 0.018).
However, there was significant heterogeneity among the studies
(I2 ¼ 83.38%; p < 0.0001). Furthermore, when the non-randomized
studies by Shah et al. [23] and Castano et al. [26] were removed
from the meta-analysis, the efficacy of antioxidant combination in
reduction of pain scores lost its statistical significance (Z ¼ �1.11;
p ¼ 0.27). There was heterogeneity between the two studies
(I2¼ 64.84%; p¼ 0.09). The quality of evidence from these two RCTs
was of moderate level.

Three studies [24,26,28] (two RCTs) reported on the proportion
of pain free patients after treatment with antioxidant combination;
of which the two RCTs [24,28] were meta-analyzed. The grade of
evidence of these two RCTs was moderate. 47.9% of patients
receiving antioxidants remained completely pain free compared to
27.8% in the placebo group during treatment. Meta-analysis
revealed a statistically significant lower Odd's of having pain in
favor of antioxidant combination, with an effect size (Z) of �3.204
(p ¼ 0.001). The number needed treat (NNT) for pain relief was 5.

We attempted to perform a subgroup analyses on treatment
response based on etiology (alcohol related vs idiopathic CP).
However, none of the individual studies conducted systematic an-
alyses of response according to etiology, even though the study by
Bhardwaj et al. [24] mentioned that there were no confounding
effects by factors such as the disease etiology or abstinence from
alcohol. Furthermore, the study by Uden et al. (1990) [28] did
report a time series analysis of pain dairies in which significant
change in mean pain scores was observed in 2 patients each in the
alcoholic and idiopathic CP group. Interestingly, seven patients in
the idiopathic group in this study smoked cigarettes; and there was
no statistically significant reduction in pain scores in six of these
seven patients.

The effect of the duration of the study period (3 months vs 6
months) was also not formally evaluated by any of the individual
studies. However, the recent RCTs by Siriwerdena et al. and
Bhardwaj et al. evaluated patients at different time intervals within
the study period; and there was a statistically significant trend in
the reduction in number of painful days/month at 3 and 6 months
in the study by Bhardwaj et al.
Need for hospital admissions/outpatient care

Two RCTs [22,24] that reported the number of hospital visits and
admissions were meta-analyzed. An effect size (z) of �1.856 for
reduction of hospital visits and admission was observed in favor of



Table 1
Characteristics of included studies.

Author; year;
Country

Design Sample size (analyzed) Durn. of
study

Individual antioxidant
components and daily
doses

Outcomes measures Adverse
event
report

Antioxidant
group

Placebo
group

Dhingra et al.; 2013
[21] India

Randomized
double-blinded
placebo controlled
trial; Parallel group

31 30 3 months Methionine 2 g; Selenium
600 mg; Beta-carotene
54 mg; Alpha-tocopherol
280 mg; Ascorbic acid
540 mg.

- Change in surrogate markers
of fibrosis.

- Change in blood markers of
oxidative stress.

- Number of painful days and
analgesic requirement

No

Siriwerdena et al.;
2012 [22] UK

Randomized
double-blinded
placebo controlled
trial.

33 37 6 months Methionine 2.88 g;
Selenium 300 mg; Beta-
carotene 25.2 mg; Alpha-
tocopherol 228 mg;
Ascorbic acid 720 mg.

- Change in pain score.
- Quality of life.
- Opiate use.
- Pancreatitis related hospital
visits or admission.

- Change in antioxidant levels.

Yes

Shah et al.; 2010
[23] UK

Non-randomized
prospective study

28 28 6 months - Change in pain score.
- Quality of life.

No

Bhardwaj et al.;
2009 [24] India

Randomized
double-blinded
placebo controlled
trial.

71 56 6 months Methionine 2 g; Selenium
600 mg; Beta-carotene
54 mg; Alpha-tocopherol
280 mg; Ascorbic acid
540 mg.

- Change number of painful
days.

- Change in analgesic
requirement.

- Change in severe attacks of
pancreatitis.

- Need for hospitalization.
- Complete pain relief.
- Change in markers of oxida-
tive stress and antioxidant
levels.

Yes

Kirk et al.; 2006
[25] UK

Randomized
double-blinded
placebo controlled
cross over

19 19 10 weeks in
each arm

Methionine 1.6 g; Selenium
300 mg; Beta-carotene
12 mg; Alpha-tocopherol
188 mg; Ascorbic acid
600 mg.

- Change in pain score.
- Quality of life.
- Additional analgesic
requirement

- Change in antioxidant levels.

Yes

Castano et al.; 2000
[26] Spain

Prospective
descriptive pre-
post open design

10 10 12 months - Change in pain score.
- Number of hospital
admissions.

No

Uden et al.; 1992
[27] UK

Randomized
double-blinded
placebo controlled
cross over

23 23 10 weeks
in each arm

Methionine 2 g; Selenium
600 mg; Beta-carotene
54 mg; Alpha-tocopherol
280 mg; Ascorbic acid
540 mg.

- Antioxidant and free radical
markers in blood.

No

Uden et al., ; 1990
[28] UK

- Pain score
- Pain frequency.
- Psychological assessment.
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antioxidant combination; with a trend towards statistical signifi-
cance (p ¼ 0.063).
Adverse events

Adverse events were reported in 3 RCTs [22,24,25]. On meta-
analysis of the studies by Siriwerdena et al. and Bhardwaj et al.,
thesewere found to be significantly higher in the antioxidant group
compared to placebo (19.2% v/s 4.3%; Z ¼ �2.79; p ¼ 0.005)
(Fig. 3b). We did not put the study by Kirk et al. into the meta-
analysis in view of the high risk of bias. Though significantly
higher in the antioxidant group, the adverse events were mild, and
included headache, constipation, nausea, bad taste and heartburn.
There were only two moderately severe adverse events in the form
of increased frequency of stool with occasional diarrhea and
convulsion in the antioxidant group. No mortality was observed in
any of the study.
Analgesic requirement

Four studies (three RCTs [21,22,24] and one non-RCT [23]) re-
ported the requirement of analgesics during the study period.
Among the three RCTs, one study [21] reported the number of pa-
tients requiring analgesics, one [22] reported the dose of opioids
and the third [24] reported the number of oral and parenteral
analgesics required. These studies could not be meta-analyzed in
view of the variability in the reported parameters.

Blood levels of antioxidant micronutrients

Changes in the levels of alpha-tocoferol and beta-carotene were
reported by three studies [22,24,25,27], while three each reported
that of ascorbate [22,24,25] and organic selenium [22,24,27]. As
shown in Fig. 4aed, there was a significant improvement in the
blood levels of these antioxidant micronutrients in favor of
methionine containing antioxidant combinations.

Antioxidant capacity

Antioxidant capacity was evaluated using ferric reducing activ-
ity of plasma (FRAP) in two studies [21,24] and total antioxidant
capacity (TAC) in another [25]. Meta-analysis of these 3 studies
demonstrated a significant increase in antioxidant capacity after
use of antioxidant combinationwith a statistically significant effect
size (Z) of �2.702 (p ¼ 0.007) (Fig. 4e).

Publication bias

No publication bias was found when the four studies reporting
pain scores were evaluated (Egger's intercept:�6.295 [95%CI�23.8
to 11.2]; p ¼ 0.262). Publication bias could not be evaluated for the



Table 2
Tools used for evaluating outcomes in the included studies.

Author; year Pain scores Number
of patients
who had
reduction
in pain

Number of
patients who
were pain free

Number of hospital
visit/
hospitalization

Analgesics use Quality of
life

Antioxidant levels
in blood

Antioxidant
capacity

Oxidative stress
markers in blood

Dhingra et al.;
2013 [21]

NR Yes NR NR Yes (Number of
patients requiring
analgesics)

NR NR Yes (FRAP) Yes (TBARS)

Siriwerdena
et al.; 2012
[22]

Yes (NRS;
BPI)

NR NR Yes (Number of
days visited/
hospitalized)

Yes (Opiate dose) Yes (EORTC
QLC30 &
PAN28)

Yes (Vit C, E, beta
carotene;
selenium; GSH)

NR Yes (Linoleic acid)

Shah et al.;
2010 [23]

Yes (VAS) NR NR NR Yes (Number of
patients requiring
analgesics)

Yes (EORTC
QLC30 &
PAN28)

NR NR NR

Bhardwaj et al.;
2009 [24]

NR NR Yes Yes (Number of
admissions)

Yes (Number of oral
and parenteral
analgesics)

NR Yes (Vit A, C, D;
TGSH)

Yes (FRAP) Yes (TBARS/SOD)

Kirk et al.; 2006
[25]

Yes (VAS) NR NR NR NR Yes (SF36) Yes (Vit C, retinol,
tocoferol, beta
carotene;
selenium; GPX)

Yes (TAC) Yes (MDA)

Castano et al.;
2000 [26]

Yes (VAS) Yes Yes Yes (Number of
admissions)

NR NR NR NR NR

Uden et al.;
1992 and
1990
(same cohort
of patients)
[27,28]

NR NR NR NR NR NR Yes (Vit E; beta
carotene;
selenium; SAMe)

NR Yes (Linoleic acid)

Yes (Pain
vocabulary
score sheet)

NR Yes NR NR NR NR NR NR
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randomized studies that reported reduction in pain score and
proportion of pain free patients since the number of studies was
inadequate.
Discussion

In this systematic review and meta-analysis, we evaluated the
efficacy of methionine containing antioxidant combination in the
management of pain in patients with CP. We meta-analyzed eight
studies [21e28], of which six [21,22,24,25,27,28] were RCTs. Even
though there was heterogeneity among the studies, meta-analyses
of the RCTs showed a significantly higher proportion of patients
taking methionine containing antioxidants were pain-free
compared to placebo (47.9% vs 27.8%; p ¼ 0.001). There was also
a trend towards lesser requirement of hospital visits/hospitaliza-
tion in favor of methionine containing antioxidants (p ¼ 0.063).
Even though higher proportion of patients receiving antioxidants
experienced adverse events compared to those who received pla-
cebo (19.2% vs 4.3%; p ¼ 0.005), all but two were mild. This testifies
the relatively fair safety profile of methionine containing antioxi-
dant combination even at a fairly high dose.
Table 3
Risk of bias of the included studies.

Random sequence
generation
(selection bias)

Allocation
concealment
(selection bias)

Blinding of
participants
and person
(performan

Dhingra et al.; 2013 [21] Low risk Low risk Low risk
Siriwerdena et al.; 2012 [22] Low risk Low risk Low risk
Shah et al.; 2010 [23] High risk High risk High risk
Bhardwaj et al.; 2009 [24] Low risk Low risk Low risk
Kirk et al.; 2006 [25] Low risk Low risk Low risk
Castano et al.; 2000 [26] High risk High risk High risk
Uden et al.; 1992 [27]/1990 [28] Low risk Low risk Low risk
The role of antioxidants in the management of pain in CP has
been evaluated in many studies including three recent systematic
reviews and meta-analysis [29e31]. Several antioxidant prepara-
tions like methionine, ascorbic acid, selenium, dimethyl sulfoxide,
alpha-tocoferol, beta-carotene, curcumin and S adenosyl methio-
nine, have been studied so far as single agent or in combination,
with variable results [15]. In the meta-analysis of nine RCTs by Cai
et al. [29], it was shown that single agent antioxidant therapy did
not have a significant impact on pain relief (SMD �0.12 [95%
CI �1.23 to 0.99]; p ¼ 0.83); whereas use of a combination of
methionine, ascorbic acid, selenium, alpha-tocoferol and beta-
carotene resulted in a significant improvement in pain
(SMD �0.93 [95%CI �1.72 to �0.14]; p ¼ 0.02). Furthermore, even
though antioxidants were associated with adverse events most of
them were mild. A subsequent meta-analysis of eight studies by
Zhou et al. [30] concluded that there was a significant reduction in
the proportion of patients with pain (RR 2.15 [95%CI 1.72e2.69];
p < 0.00001) along with a significant reduction in analgesic
requirement (RR 0.56 [95% CI 0.40e0.78]; p¼ 0.0006). On the other
hand, the most recent Cochrane Systematic Review [31] of 18
studies concluded that antioxidants could result in a slight reduc-
tion in pain in patients with CP (SMD�0.33 95% CI�0.64 to�0.02];
nel
ce bias)

Blinding of
outcome
assessment
(detection bias)

Incomplete
outcome
data addressed
(attrition bias)

Selective reporting
(reporting bias)

Other bias

Unclear risk Low risk Low risk Low risk
Low risk Low risk Low risk Low risk
High risk Low risk Low risk High risk
Low risk Low risk Low risk Low risk
Unclear risk High risk High risk High risk
High risk Low risk Low risk High risk
Unclear risk Low risk Low risk Unclear risk



Fig. 3. a) Forrest plot of all studies that reported pain score. b) Forrest plot of studies
that reported adverse events during the study.

Fig. 4. Forrest plot of studies that reported blood levels of: a) Ascorbic acid. b) Al
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p ¼ 0.04), but there are no conclusive data on analgesic require-
ment and quality of life measures. In actual clinical experience too,
opinion regarding the efficacy of antioxidants in pain relief in pa-
tients with CP appears disparate. Few of the possible reasons for
variability in results of antioxidant trials and non-efficacy of anti-
oxidants in clinical practice could be the use of inappropriate
antioxidant agents or use at a suboptimal dose.

In the current systematic review and meta-analysis, we evalu-
ated specifically methionine containing antioxidant combination
on pain relief, analgesic requirement, improvement in antioxidant
capacity, quality of life and adverse events in patients with CP. Fig. 1
depicts the rationale for using methionine containing antioxidant
cocktails in our meta-analyses. Irrespective of the etiology, it has
been shown in several clinical and experimental studies that there
is generation of significant oxidative stress within the intra- and
extra-acinar components (including PSCs) of the pancreas in CP
[2e9]. Generation of oxidative stress depletes intra-acinar thiol and
methyl groups that are required to maintain the transsulfuration
pathway, which is essential for exocytosis of zymogens from the
acinar apical region to the pancreatic ductules. Disruption of the
transsulfuration pathway eventually contributes, among other
factors, to recurrent intrapancreatic inflammation, pain, further
oxidative stress and progression of fibrosis [10e12]. Therefore,
replenishing the thiol- and methyl stores by methionine supple-
mentation along with other antioxidant compounds could
ameliorate the severity of inflammation and resulting pain. Dose
pha-tocoferol. c) Beta-carotene. d) Organic selenium. e) Antioxidant capacity.
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finding studies have demonstrated that at least 2e4 gms of
methionine is required daily for this action [28]. It is currently not
entirely clear if risk factors (eg. alcohol, smoking and genetic
polymorphisms) have an impact on the response to antioxidants.
Based on population-based studies, it is currently accepted that
smoking is an independent risk factor for CP [32]; and cigarette
smoke contains free radicals sufficient to produce substantial
intrapancreatic oxidative stress. In the study by Uden et al. [28], six
out of sevenpatients who did not experience a significant reduction
in pain scores were smokers. Therefore, it would be important that
factors such as continuation and cessation of alcohol consumption
and smoking, along with presence or absence of genetic poly-
morphisms be considered in the analyses of response to antioxi-
dants in future RCTs.

The eight methionine containing studies that we identified for
the meta-analyses also contained ascorbic acid, selenium, alpha-
tocoferol and beta-carotene. Another source of thiol/methyl
donor, S adenosyl methionine was used in the study by Uomo et al.
[33]. However, this was a single agent pilot study performed on
three patients with hereditary pancreatitis and did not meet in-
clusion criteria of the current meta-analysis. Overall, seven
[21,23e28] out of the eight studies demonstrated efficacy of
methionine containing antioxidant combination in the manage-
ment of pain in CP. The RCT by Siriwerdena et al. [22], which did not
show any benefit of using antioxidants included patients who were
on high doses of opiates. It appears likely that these patients had
opiate dependence, which could have overridden the effect of
methionine and other antioxidants. Furthermore, opiates can also
cause mast cell degranulation [34]. It is now known that there is
mast cell infiltration into the pancreas in CP and mast cell tryptase
can contribute to the inflammation thereby resulting in pain [35].
This could be another factor for non-response in patients on high
dose of opiates.

Even though we demonstrated that methionine containing
antioxidant combination was associated with a significant reduc-
tion in the number of pain free patients and a trend towards lesser
requirement of hospital visit/admissions, there was heterogeneity
among the studies for these outcomes. A limitation of this meta-
analysis was the non-uniformity in the manner in which the clin-
ical outcomes were reported in the individual studies. On the other
hand, there was significant improvement in the oxidative stress
markers and antioxidant capacity after treatment with methionine
containing antioxidant combination; and there was no heteroge-
neity in the reporting of these outcomes. This improvement in
antioxidant capacity has likely translated in the clinical improve-
ment in pain in a significantly higher proportion of patients via
restoration of the transsulfuration pathway and reduction of
intrapancreatic inflammation. Therefore, it appears that methio-
nine containing antioxidant combination have the potential to
ameliorate pain in patients with CP when used in the appropriate
dose. Other limitations of the study were low sample size, short
study duration (maximum 6 months in the RCTs) and moderate to
low quality evidence from the individual studies. However, the
latter opens up room for more RCTs designed for high quality evi-
dence. Furthermore, a response was also observed in the placebo
groups in few of the studies, which could have been due to
concomitant use of pancreatic enzyme supplements, abstinence
from alcohol or smoking, or supplementation of adequate micro-
and macronutrients.

In conclusion, results of the current systematic review and
meta-analysis suggests that it would be currently too early to refute
the role of methionine containing antioxidant combination in
treating pain in CP. In view of the findings from recent meta-
analyses including the current one, and relatively fair safety pro-
file, methionine containing antioxidant combination should be
considered as part of medical therapy for patients with chronic
pancreatitis. However, multicenter RCTs with methionine as a
mandatory component, involving an adequate sample size using
standardized tools for evaluating outcomes need to be conducted to
obtain high quality evidence in this regard.
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