
Background: Currently, there is no specific therapy for chronic pancreatitis (CP). The treatment 
of micronutrient antioxidant therapy for painful CP has been sporadically used for more than 30 
years, however, its efficacy are still poorly understood.

Objective: The purpose of this meta-analysis is to investigate the safety and efficacy of 
antioxidant therapy for pain relief in patients with CP.

Setting: University Hospital in China

Study Design: Systematic review and meta-analysis

Methods: Two authors independently reviewed the search results and extracted data and 
disagreements were resolved by discussion. Effects were summarized using standardized mean 
differences (SMDs), weighted mean differences, or odds ratio (OR) according to the suitable effect 
model. MEDLINE, PsycINFO, Scopus, EMBASE, and the Cochrane Central Register of Controlled 
Trials  were searched from 1980 through December 2012. Randomized controlled trials (RCTs) 
that studied antioxidant supplementation for pain relief in patients with CP were analyzed.

Results: Nine randomized controlled trials (RCTs) involving 390 patients were included. Overall, 
there was no association of antioxidant therapy with pain reduction in CP patients (SMD, −0.55; 
95% CI, −1.22 to 0.12; P = 0.67). However, antioxidant therapy significantly increased blood 
levels of antioxidants in CP patients versus the placebo group (SMD, 1.08; 95% CI, 0.74 to 1.43; 
P < 0.00001). Interestingly, combined antioxidant (selenium, β-carotene, vitamin C, vitamin E, 
methionine) therapy was found to be associated with pain relief (SMD, -0.93; 95% CI, -1.72 to 
-0.14; P = 0.02), while the trials in which a single antioxidant was used revealed no significant 
pain relief (SMD, -0.12; 95% CI, -1.23 to 0.99; P = 0.83) in CP patients. Strong evidence was 
obtained that the antioxidants increased adverse effects (OR, 6.09; 95% CI, 2.29 to 16.17, P < 
0.01); nevertheless, none was serious.

Limitations: Because of the small sample, a consolidated conclusion cannot be reached based 
on current RCTs. Large-sample RCTs are needed to clarify the analgesic effect of antioxidants in 
CP patients.

Conclusions: Combined antioxidant therapy seems to be a safe and effective therapy for pain 
relief in CP patients. Measures of total antioxidant status may not help to monitor the efficacy of 
antioxidant therapy for patients with CP. 
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Methods

Based on the QUORUM guidelines (Quality of 
Reporting of Meta-analyses) (25) and the recommen-
dations of the Cochrane Collaboration (26), the meta-
analysis was performed. 

Data Sources and Searches
The electronic databases screened were MED-

LINE (1980 through December 2012), PsycINFO (1980 
through December 2012), Scopus (1980 through De-
cember 2012), EMBASE (1980 through December 2012), 
and the Cochrane Library (Issue 11 of 12, December 
2012), including the Cochrane Central Register of 
Controlled Trials, Cochrane Database of Systematic Re-
views, Database of Abstracts of Reviews of Effects, and 
Health Technology Assessments. Searches were limited 
to human patients and performed for all languages 
and types of publication. The search terms were chronic 
pancreatitis, CP, pancreatic inflammation, antioxidant, 
vitamin, superoxide dismutase, manganese, gluta-
mine, butylated hydroxyanisole, taurine, glutathione, 
curcumin, catalase, peroxidase, lutein, xanthophylls, 
zeaxanthin, selenium, riboflavin, zinc, carotenoid, 
cobalamin, retinol, alpha-tocopherol, ascorbic acid, 
beta-carotene, carotene; and all MeSH terms for phar-
macologically active antioxidants, oxidative stress, mi-
cronutrient, pain relief, and treatment. The full search 
strategy in Fig. 1 was developed for MEDLINE and was 
adapted for the other electronic databases. Three of us 
(G-HC, JH, YZ) manually and independently screened 
reference sections of relevant original articles, reviews, 
and meta-analyses. 

Study Selection
Studies were included according to the following 

criteria: CP diagnosed based on symptoms and medical 
examination; any randomized controlled trial (RCT) or 
controlled clinical trial designed with a control group 
receiving a placebo and another group receiving anti-
oxidant therapy. Corresponding authors of RCTs with 
an incomplete data presentation (e.g., missing means, 
standard deviations of pretest and posttest data, or 
standard deviations of change scores) were contacted 
when necessary. 

Data Extraction
Two of us (WW, S-XW) independently screened the 

titles and abstracts of potentially eligible studies. The 
full text articles were examined independently by 2 of 

Chronic pancreatitis (CP) is a progressive 
inflammatory disease of the pancreas 
resulting in gradual loss of normal pancreatic 

parenchymal architecture and subsequent fibrosis 
(1). For patients with CP, abdominal pain is the most 
common presentation (2), which may significantly 
decrease quality of life and sometimes lead to severe 
malnutrition (3). Currently, there remains no effective 
medical therapy for pain relief in patients with CP (4). 
Surgical and endoscopic therapies have been considered 
as alternative, rather than complementary, approaches 
to relieve pain in patients with CP (5). However, none 
of these procedures is commonly performed and their 
efficacies remain controversial (6). 

CP has been reported to arise as a result of patho-
logical exposure of the pancreatic acinar cells to short-
lived oxygen free radicals--a process termed oxidative 
stress, which may be caused by increased exposure to 
xenobiotics such as alcohol, nicotine, and petrochemi-
cal fumes (7,8). Oxidative stress can cause cell damage 
either directly by cell membrane destruction, toxicity 
from free radical peroxidation products, or through 
altering signaling pathways (9,10). Free radical per-
oxidation products may cause degranulation of mast 
cells and inflammation mediated by chemotaxis and 
pain (11). Some reports have shown increased oxida-
tive stress in patients with alcoholic and idiopathic CP 
(12-14), suggesting that antioxidant therapy may be 
beneficial in patients with CP.

Since the early 1990s, the efficacy of antioxidant 
therapy in reducing pain among patients with CP has 
been investigated in several small-sample studies (15-
21). However, these studies were controversial and 
insufficient to support a significant clinically mean-
ingful therapeutic effect for antioxidant therapy. 
Recently, a randomized trial by Siriwardena et al (4)  
noted that antioxidant therapy did not have any ben-
eficial effect on pain relief or improving quality of 
life in patients with CP. Interestingly, these findings 
are at odds with their earlier study results (22) as well 
as another recent randomized trial by Bhardwaj et 
al (23). What should a clinician take from these con-
tradictory results in order to optimally manage these 
difficult patients (24)? 

Aiming to provide recommendations for clinical 
decisions and future research, we performed the cur-
rent meta-analysis to systematically review and sum-
marize the literature on antioxidant therapies for pain 
relief in patients with CP.
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us (G-HC, YZ) to determine whether they met the inclu-
sion criteria. Three of us (JH, Y-LD, JC) independently 
extracted data (study characteristics and results) using 
data extraction forms. The collected data were then en-
tered into RevMan 5.1 (The Nordic Cochrane Centre for 
The Cochrane Collaboration, Copenhagen, Denmark) 
using the double-entry system. Point estimates for 
selected variables were extracted and checked by the 
other 2 reviewers. In cases of disagreement between 
the 2 reviewers, a consensus was achieved through 
discussion among all of the reviewers. A record of rea-
sons for excluding studies was kept. We selected pain, 
antioxidant status, as well as adverse effects as outcome 
measures for antioxidant therapy in CP. 

Definitions
1.  Measurement of pain: pain intensity measured by 

categorical scales, visual analog scales, pain diaries 
(mean difference in pain scores or recorded fre-
quency of exacerbation of pain) or reduction in the 
number of painful days per month.

2.  Antioxidant status: we selected the 4 most com-
mon antioxidant biomarkers (selenium, β-carotene, 
vitamin C and vitamin E) to reflect the antioxidant 
status.

3.  The Jadad test (5 items) (27) was applied for as-
sessing methodological quality as high (score 5), 
moderate (score 4), or low (scores 1- 3).

Data Collection and Analysis
We collected the following data and information:

1.  General study information such as title, authors, 
publication source, publication year and country

2.  Characteristics of the study: design, study setting, 
quality criteria (e.g., randomization method, allo-
cation procedure, blinding of patients, caregivers 
and outcome assessors, withdrawals and dropouts)

3.  Characteristics of the study population (e.g., sample 
size, age, gender, and etiology)

4.  Characteristics of the intervention, such as treat-
ment comparators, duration of therapy

5.  Outcome measures as mentioned above
6.  Outcome measures at the end of the controlled 

phase, and any summary measures with standard 
deviations, confidence intervals and P values, where 
given, dropout rate and reasons for withdrawal.

Nonparametric tests (Mann-Whitney U test, Kruskal 
Wallis test) were used for comparing continuous vari-
ables. A 2-sided P value of 0.05 or lower was consid-

ered significant. Meta-analyses were conducted using 
RevMan 5.1 according to the Cochrane Handbook for 
Systematic Reviews of Interventions (28). 

We used the standardized mean difference (SMDs) 
to calculate for pain and antioxidant status outcomes 
because they were determined in different trials using 
different scales. Odds ratio (OR) was used in evaluating 
the antioxidants’ related side effects. To calculate SMDs, 
we used means and change scores and their standard 
deviations. When these values were shown in a graph 
manner without any description of absolute value, we 
first tried to contact the authors. Measurements from 
the graph were used if we could not get data from the 
authors. When only the standard error was reported, it 
was converted into standard deviation (28). 

Twelve statistics were used to measure heteroge-
neity of the RCTs. If the I2 value was less than 50%, a 
fixed-effects meta-analysis was applied. If the I2 value 
was 50% or more, a random-effects meta-analysis was 
used (28). We used Cohen categories (29) to evaluate 
the magnitude of the effect size, calculated by SMD, 

Fig. 1. Study section. Antioxidant therapy for relief  of  pain 
induced by CP.
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or OR, and designated a D greater than 0.2 through 
0.5 as a small effect size, a D greater than 0.5 up to 0.8 
as a medium effect size, and a D greater than 0.8 as 
a large effect size. We used the following descriptors 
to classify meta-analysis results (30): “strong” indicated 
consistent findings in multiple (at least 2) high- or mod-
erate-quality RCTs; “moderate” indicated consistent 
findings in multiple low-quality RCTs or one high- or 
moderate-quality RCT; “limited” indicated one low-
quality RCT; and “conflicting” indicated inconsistent 
findings among multiple RCTs. 

Visual assessment of the funnel plot calculated by 
RevMan 5.1 software was used to investigate potential 
publication bias (i.e., the association of publication 
probability with the statistical significance of study re-
sults). Publication bias may lead to asymmetrical funnel 
plots (31). 

Results

Study Selection
The flow chart of our study is shown in Fig.1. The 

literature search yielded 2,018 citations. Initially, 207 
publications met our inclusion criteria. The excluded 
1,811 publications contained 495 animal experiments, 
25 duplicate publications, and 1,291 publications not 
about chronic pancreatitis. On more detailed review, an 

additional 193 papers were excluded for the following 
reasons: comments, editorial, case reports, reviews, and 
publications not about chronic pancreatitis. Five more 
publications were further excluded because of retro-
spective research (11,32,33) and a lack of detailed data 
(22,34). The remaining 9 studies met our selection crite-
ria and were included in the meta-analysis (4,15-21,23). 

Description of the Included Studies  
The detailed characteristics of these included stud-

ies are described in Table 1. Overall, 390 patients were 
included in our study, of which 230 patients received an-
tioxidant therapy and 160 received placebo treatment. 
Five of 9 studies were conducted in Europe, 3 in Asia, and 
one in the US. There were 5 studies with high method-
ological quality (score 5), 3 with moderate quality (score 
4), and one with low quality (score 3). The median age of 
patients ranged from 23.6 ± 12.8 years (20) to 49.8 ± 12.7 
years (4) in the antioxidant group and ranged from 27.8 
± 16.8 years (20) to 50 ± 9 years (4) in the placebo group. 
The percentage of male patients ranged from 60% (18) 
to 95% (16) in the antioxidant group and 50% (18) to 
100% (20) in the placebo group. One study (16) was con-
ducted on patients with alcohol-induced chronic pancre-
atitis and one (20) on patients with nonalcoholic chronic 
pancreatitis. The rest of the studies were conducted on 
both types of patients. Four of 9 studies investigated the 

Table 1.  A brief  summary of  characteristics of  included studies. 
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effects of administering a single antioxidant; the other 5 
took a combined antioxidant approach, which involved 
organic selenium, vitamin C, β-carotene, α-tocopherol 
and methionine. The duration of studies ranged from 6 
weeks (20) to 24 weeks (4,23). 

Meta-Analyses 
Based on Cohen categories for evaluating the 

magnitude of effect sizes, overall there was no asso-
ciation of antioxidant therapy with a reduction in pain 
induced by chronic pancreatitis (Fig. 2, SMD, −0.55; 95% 
confidence interval [CI], −1.22 to 0.12; P = 0.07). The 
Cochrane Q test for heterogeneity indicated that the 
studies were heterogeneous (I2 = 80%, Fig. 2) and could 
not be combined. The heterogeneity generation may 
be due to the different measurements of each study 
used to assess pain. A complex stratified analysis, and 
random effect models for individual differences, were 
applied due to the limited number of included studies. 
However, antioxidant therapy can significantly increase 
blood levels of antioxidants in patients with CP com-
pared with the placebo group (Fig. 3, SMD, 1.08; 95% 
CI, 0.74 to 1.43; P < 0.00001). Similarly, the studies were 
heterogeneous (I2 = 59%, Fig. 2). 

A previous study (18) has demonstrated that 
combined antioxidant supplementation appeared to 
be more promising for CP treatment than single anti-
oxidant supplementation. Thus we collected data from 

combined antioxidant (selenium, β-carotene, vitamin C, 
vitamin E, methionine) trials and single antioxidant trials 
separately to check that possibility. Combined antioxi-
dant therapy was associated with pain relief in patients 
with CP (Fig. 4, SMD, -0.93; 95% CI, -1.72 to -0.14; P = 
0.02), while single antioxidant trials had no association 
with pain reduction (Fig. 5, SMD, -0.12; 95% CI, -1.23 
to 0.99; P = 0.83). The Cochrane Q test for heterogene-
ity indicated that the studies were heterogeneous (I2 = 
86%, Fig. 3; I2 = 70%, Fig. 5). High heterogeneity was 
presented in most of the crude summaries, however, no 
further layer analysis was applied when considering the 
small effect size and limited number of included stud-
ies. A random-effects model was performed only when 
the I2 value was 50% or more. 

Adverse Events with Antioxidant Therapy
Four studies reported adverse events from anti-

oxidants compared to placebo in a total of 282 patients 
(4,16,21,23). Thirty-one of 158 (19.6%) patients assigned 
to antioxidants reported adverse events compared to 4 
of 124 (3.2%) allocated to placebo. Strong evidence was 
obtained for the antioxidants to have greater adverse 
events (OR, 6.09; 95% CI, 2.29 to 16.17, P < 0.01) with no 
heterogeneity detected between studies (I2 = 0%, P = 
0.77) (Fig. 6). There were no serious adverse events in all 
studies and the most common adverse events allocated 
to antioxidant therapy were headache and nausea.

Fig. 2. Effects of  antioxidants in CP for the outcome of  pain.
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Fig. 3. Effects of  antioxidants in CP for the outcome of  blood levels of  antioxidants.

Fig. 4. Effects of  combined antioxidants in CP for the outcome of  pain.
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Risk of Bias in Included Studies
Assessment tables of the risk of bias are presented 

in Fig. 7A and Fig. 7B. High risk of bias was rated in 
the study of Kirk et al. (21) and Durgaprasad et al. (20) 
because of incomplete outcome data of pain or single 
blinding of participants and personnel. Sensitivity 
analysis was applied by excluding the study of Kirk et 
al. (21) and Durgaprasad et al. (20). There was no asso-
ciation between antioxidant therapy with a reduction 
in pain induced by chronic pancreatitis (Fig. 8, SMD, 
0.5; 95% CI, 1.22 to 0.21; P=0.16). Antioxidant therapy 
significantly increased blood levels of antioxidants in 
patients with CP compared with placebo group (Fig. 9, 
SMD, 0.96; 95% CI, 0.60 to 1.31; P< 0.00001). In addi-
tion, strong evidence was obtained to show that the 
antioxidants can increase side effects (Fig. 10, OR, 5.99; 
95% CI, 2.14 to 16.78, P < 0.0006). However, adverse 
effects assessing of funnel plots for subgroup analysis 
revealed an asymmetric distribution, suggesting publi-
cation bias (Fig. 11).

Fig. 5.  Effects of  single antioxidants in CP for the outcome of  pain.

Fig. 6. Effects of  antioxidants in CP for the outcome of  adverse events.

discussion

In 2009, the efficacy of antioxidant therapy for CP 
was systematically reviewed but a meta-analysis was 
not done (35). Three years later, a review came to the 
conclusion that antioxidant supplementation was sug-
gested to be superior for reducing pain and increasing 
the quality of life in patients with CP rather than a 
single antioxidant, however, without a meta-analysis of 
the currently available RCTs on this topic a convincing 
conclusion was not reached (6). To our knowledge, this 
is the most recent systematic review with meta-analysis 
on the efficacy and safety of antioxidants therapy for 
CP-induced pain, however, the conclusion made by this 
research is not consolidated because of the potential 
publication bias. Our findings, together with the previ-
ous 2, may strengthen the concept that antioxidants 
are useful for CP-induced pain.

Quality of life is reduced in patients with CP, with 
85% of patients experiencing deep and internal pain, 
ranging in severity from mild to unbearable (36). In light 
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of the increased oxidative state seen in patients with CP, 
many studies about antioxidant therapy for reducing 
pain induced by CP have been conducted. In the single 
antioxidant trials, allopurinol (16,19), dimethyl sulfoxide 
(DMSO) (16), SAMe (18), and even curcumin (20), the 
active constituent of turmeric, have been investigated 
for their potential efficacy. However, most of them dem-
onstrated disappointing results except for the study by 
Salim et al (16), which showed the short-term efficacy 

Fig. 7. A. Risk of  bias graph: review authors’ judgments about each risk of  bias item presented as percentages across all included 
studies. B. Risk of  bias summary: review authors’ judgments about each risk of  bias item for each included study.

of allopurinol or DMSO in the treatment of recurrent 
pain produced by CP. Since the first study by Uden et 
al (15), combined antioxidant supplement (selenium, 
β-carotene, vitamin C, vitamin E, methionine) has shown 
promising efficacy for pain relief in patients with CP in 
several studies (17,21-23). Subsequently, a systematic 
review summarized the effects of antioxidant therapy in 
the management of CP but not a meta-analysis because 
that pain reduction was assessed in a different way than 
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Fig. 8.  Effects of  antioxidants in CP for the outcome of  pain (Durgaprasad [20], study is excluded).

Fig. 9.  Effects of  antioxidants in CP for the outcome of  blood levels of  antioxidants (Kirk [21], study is excluded).
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Fig.10. Effects of  antioxidants in CP for the outcome of  adverse events. (Kirk [21], study is excluded).

Fig.11. Publication bias analysis.

in these studies (35). Thus, the efficacy of antioxidants 
has remained controversial due to conflicting data and 
also because early studies included small sample sizes 
and/or lacked robust study design. It is noteworthy that 
Shah et al (22) in 2010 and Siriwardena et al (4) in 2012 
reported controversial study results about the effects of 
antioxidant therapy on pain relief or improving qual-
ity of life in patients with CP. The 2012 study (4), which 
definitively showed the ineffectiveness of the use of 
antioxidant treatment in controlling pain in CP patients, 
may have contributed to clinician confusion. 

Using statistical methods, we analyzed the results 
of studies to overcome the limits of earlier studies, like 
small sample size. We found strong evidence for the ef-
ficacy of antioxidants therapy in increasing blood levels 
of antioxidant biomarkers but we did not find a favor-
able effect of antioxidants on pain relief. Interestingly, 
when we focused on the combined antioxidant trials, a 
strong association of antioxidants with pain relief in pa-
tients with CP was observed. In addition, our study also 
showed that antioxidant therapy appeared to be safe 
and there were no serious adverse events after therapy.
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Considering the antioxidant biomarkers measured 
were different in included studies, we selected the 4 
most common antioxidant biomarkers (selenium, 
β-carotene, vitamin C and vitamin E) to reflect the 
antioxidant status. In our study, antioxidant status 
was significantly increased after antioxidant therapy, 
while the efficacy of a sole agent for antioxidant ther-
apy remains controversial. It seemed that measures 
of total antioxidant status may not help to monitor 
the efficacy of antioxidant therapy for patients with 
CP. Further study is needed to explore whether some 
kinds of antioxidant biomarkers could be used as a 
valuable measurement. 

In the West, alcohol abuse is the most common cause 
of CP, which accounts for 70% of cases (37). In India, 
common idiopathic chronic pancreatitis, also known as 
tropical pancreatitis, has a quite different clinical history 
from other kinds of pancreatitis (38). Early study found 
that there was no relation between the cause of pan-
creatitis and clinical outcomes (35). However, the same 
combined antioxidant therapy for the 2 types of patients 
with CP showed stark differences in analgesic efficacy 
(4,23). One study demonstrated a clinically meaningful 
improvement in pain relief, and the other showed no ef-
fect at all (24). In addition, the characteristics of patients, 
like age and gender, may also influence study results. 
For example, a recent study suggested that combined 
antioxidant therapy may be less effective in more elderly 
patients who have alcohol as the etiology (4). Thus, the 
particular subgroup of patients with CP that could ob-
tain optimal analgesic benefit from combined antioxi-
dant therapy needs further evaluation. Furthermore, the 
optimal combinations of antioxidants, the optimal doses 
of antioxidants, and the best duration of study are other 
important issues in future RCTs.

Limitations
This meta-analysis has limitations. First, the hetero-

geneity of the methods to access the degree of pain 
among these studies was significant. The primary reason 
was that pain reduction was evaluated by various meth-
ods in the studies. Furthermore, the studies were grossly 
disparate in their use of antioxidant agents, duration 
of follow-ups, and dosing regimens. The heterogeneity 
remained in subsequent subgroup analysis, therefore, 

the random-effects model was applied. Second, we 
sought to identify non-English studies but could not re-
trieve original significant data of one published study. 
Third, there are limitations of some methods used in 
this article, such as using I2 for assessing the amount 
of heterogeneity in random-effects meta-analysis (39) 
and visual assessment of the funnel plot for excluding 
a publication bias.  

conclusions

This systematic review and meta-analysis suggested 
the following: combined antioxidant therapy seems to 
be safe and effective for pain relief in patients with 
CP; measures of total antioxidant status may not help 
to monitor antioxidant therapy for patients with CP; 
subgroups of patients with CP who obtain optimal ben-
efit from combined antioxidant therapy need further 
investigation. 

disclosuRes

Guo-Hong Cai, Jing Huang, Yan Zhao, and Jing 
Chen contributed equally to this work as first authors. 
All authors have completed the Unified Competing In-
terest form and declare there was no financial relation-
ship with any organization that might have an interest 
in the submitted work during the previous 3 years, and 
there are no other relationships or activities that could 
appear to have influenced the submitted work. Drs. 
Yun-Qing Li, Wen Wang, and Sheng-Xi Wu contributed 
equally to this paper. 

Funding/Support
This work was supported by grants from the Nation-

al Natural Science Foundation of China (Nos. 81171052, 
31100861, 81271230), International Science & Technol-
ogy Cooperation Program of China (2011DFA32560), 
and Program for Shaanxi Province Key Research Team 
of Science and Technology Innovation (2012KCT-14). 

Role of the Sponsor
The sponsors had no role in the design and conduct 

of the study; in the collection, analysis, and interpreta-
tion of the data; or in the preparation, review, or ap-
proval of the manuscript.

RefeRences

1. Witt H, Apte MV, Keim V, Wilson JS. 
Chronic pancreatitis: Challenges and ad-
vances in pathogenesis, genetics, diagno-
sis, and therapy. Gastroenterology 2007; 

132:1557-1573.
2.  Bornman PC, Beckingham IJ. ABC of 

diseases of liver, pancreas, and biliary 
system. Chronic pancreatitis. BMJ 2001; 

322:660-663.
3.  Pezzilli R, Morselli Labate AM, Ceciliato R, 

Frulloni L, Cavestro GM, Comparato G, 
Ferri B, Corinaldesi R, Gullo, L. Quality of 



Pain Physician: November/December 2013; 16:521-532

532  www.painphysicianjournal.com

life in patients with chronic pancreatitis. 
Dig Liver Dis 2005; 37:181-189.

4.  Siriwardena AK, Mason JM, Sheen AJ, Ma-
kin AJ, Shah NS. Antioxidant therapy does 
not reduce pain in patients with chronic 
pancreatitis: The ANTICIPATE study. Gas-
troenterology 2012; 143:655-663, e651.

5.  Cahen DL, Gouma DJ, Nio Y, Rauws EA, 
Boermeester MA, Busch OR, Stoker J, 
Lameris J. S, Dijkgraaf M. G, Huibregtse 
K, Bruno M. J. Endoscopic versus surgi-
cal drainage of the pancreatic duct in 
chronic pancreatitis. N Engl J Med 2007; 
356:676-684.

6.  Grigsby B, Rodriguez-Rilo H, Khan K. An-
tioxidants and chronic pancreatitis: Theo-
ry of oxidative stress and trials of antioxi-
dant therapy. Dig Dis Sci 2012; 57:835-841.

7.  Rose P, Fraine E, Hunt LP, Acheson DW, 
Braganza JM. Dietary antioxidants and 
chronic pancreatitis. Hum Nutr Clin Nutr 
1986; 40:151-164.

8.  Telek G, Regoly-Merei J, Kovacs GC, Si-
mon L, Nagy Z, Hamar J, Jakab F. The 
first histological demonstration of pan-
creatic oxidative stress in human acute 
pancreatitis. Hepatogastroenterology 2001; 
48:1252-1258.

9.  Valko M, Leibfritz D, Moncol J, Cronin 
MT, Mazur M, Telser J. Free radicals and 
antioxidants in normal physiological 
functions and human disease. Int J Bio-
chem Cell Biol 2007; 39:44-84.

10.  Droge W. Free radicals in the physiologi-
cal control of cell function. Physiol Rev 
2002; 82:47-95.

11.  McCloy R. Chronic pancreatitis at Man-
chester, UK. Focus on antioxidant thera-
py. Digestion 1998; 59 Suppl 4:36-48.

12.  Braganza JM, Schofield D, Snehalatha C, 
Mohan V. Micronutrient antioxidant sta-
tus in tropical compared with temperate-
zone chronic pancreatitis. Scand J Gastro-
enterol 1993; 28:1098-1104.

13.  Verlaan M, Roelofs HM, van-Schaik A, 
Wanten GJ, Jansen JB, Peters WH, Drenth 
JP. Assessment of oxidative stress in 
chronic pancreatitis patients. World J Gas-
troenterol 2006; 12:5705-5710.

14.  Szuster-Ciesielska A, Daniluk J, Kandefer-
Szerszen M. Oxidative stress in blood of 
patients with alcohol-related pancreatitis. 
Pancreas 2001; 22:261-266.

15.  Uden S, Bilton D, Nathan L, Hunt LP, 
Main C, Braganza JM. Antioxidant ther-
apy for recurrent pancreatitis: Placebo-
controlled trial. Aliment Pharmacol Ther 
1990; 4:357-371.

16.  Salim AS. Role of oxygen-derived free 
radical scavengers in the treatment of 

recurrent pain produced by chronic pan-
creatitis. A new approach. Arch Surg 1991; 
126:1109-1114.

17.  Uden S, Schofield D, Miller PF, Day 
JP, Bottiglier T, Braganza JM. Antioxi-
dant therapy for recurrent pancreatitis: 
Biochemical profiles in a placebo-con-
trolled trial. Aliment Pharmacol Ther 1992; 
6:229-240.

18.  Bilton D SD, Mei G, Kay PM, Bottiglieri T, 
Braganza JM. Placebo-controlled trials of 
antioxidant therapy including S-adeno-
sulmethionine in patients with recurrent 
non-gallstone pancreatitis. Drug Invest 
1994;8:10-20.

19.  Banks PA, Hughes M, Ferrante M, Noord-
hoek EC, Ramagopal V, Slivka A. Does al-
lopurinol reduce pain of chronic pancre-
atitis? Int J Pancreatol 1997; 22:171-176.

20.  Durgaprasad S, Pai CG, Vasanthkumar, 
Alvres JF, Namitha S. A pilot study of the 
antioxidant effect of curcumin in tropi-
cal pancreatitis. Indian J Med Res 2005; 
122:315-318.

21.  Kirk GR, White JS, McKie L, Stevenson 
M, Young I, Clements WD, Rowlands BJ. 
Combined antioxidant therapy reduces 
pain and improves quality of life in chron-
ic pancreatitis. J Gastrointest Surg 2006; 
10:499-503.

22.  Shah NS, Makin AJ, Sheen AJ, Siriwardena 
AK. Quality of life assessment in patients 
with chronic pancreatitis receiving antiox-
idant therapy. World J Gastroenterol 2010; 
16:4066-4071.

23.  Bhardwaj P, Garg PK, Maulik SK, Saraya 
A, Tandon RK, Acharya SK. A randomized 
controlled trial of antioxidant supple-
mentation for pain relief in patients with 
chronic pancreatitis. Gastroenterology 
2009; 136:149-159, e142.

24.  Forsmark CE, Liddle RA. The challenging 
task of treating painful chronic pancreati-
tis. Gastroenterology 2012; 143:533-535.

25.  Moher D, Cook DJ, Eastwood S, Olkin I, 
Rennie D, Stroup DF. Improving the qual-
ity of reports of meta-analyses of ran-
domised controlled trials: The QUOROM 
statement. Quality of reporting of meta-
analyses. Lancet 1999; 354:1896-1900.

26.  Bero L, Rennie D. The Cochrane Col-
laboration. Preparing, maintaining, 
and disseminating systematic reviews 
of the effects of health care. JAMA 1995; 
274:1935-1938.

27.  Jadad AR, Moore RA, Carroll D, Jenkin-
son C, Reynolds DJ, Gavaghan DJ, Mc-
Quay HJ. Assessing the quality of reports 
of randomized clinical trials: Is blinding 
necessary? Control Clin Trials 1996; 17:1-12.

28.  Higgins JPT, Green S (eds). Cochrane 
Hand-book for Systematic Reviews of In-
terventions Version 5.0.2 [updated Sep-
tember 2009]. www.cochrane-handbook.
org.  The Cochrane Collaboration 2009.

29.  Cohen J. Statistical Power Analysis for the 
Behavioral Sciences. Lawrence Erlbaum 
Assoc, Hillsdale, OK, 1988.

30.  van Tulder M, Furlan A, Bombardier C, 
Bouter L. Updated method guidelines 
for systematic reviews in the Cochrane 
Collaboration Back Review Group. Spine 
(Phila Pa 1976) 2003; 28:1290-1299.

31.  Egger M, Davey Smith G, Schneider M, 
Minder C. Bias in meta-analysis detect-
ed by a simple, graphical test. BMJ 1997; 
315:629-634.

32.  Lindkvist B, Dominguez-Munoz JE, Lu-
aces-Regueira M, Castineiras-Alvarino 
M, Nieto-Garcia L, Iglesias-Garcia J. Se-
rum nutritional markers for prediction 
of pancreatic exocrine insufficiency in 
chronic pancreatitis. Pancreatology 2012; 
12:305-310.

33.  Burton F, Alkaade S, Collins D, Muddana 
V, Slivka A, Brand RE, Gelrud A, Banks PA, 
Sherman S, Anderson MA, Romagnuolo 
J, Lawrence C, Baillie J, Gardner TB, Lewis 
MD, Amann ST, Lieb JG. 2nd, O’Connell 
M, Kennard ED, Yadav D, Whitcomb DC, 
Forsmark CE. Use and perceived effec-
tiveness of non-analgesic medical thera-
pies for chronic pancreatitis in the Unit-
ed States. Aliment Pharmacol Ther 2011; 
33:149-159.

34.  De las Heras Castano G, Garcia de la Paz 
A, Fernandez MD, Fernandez Forcelledo 
JL. Use of antioxidants to treat pain in 
chronic pancreatitis. Rev Esp Enferm Dig 
2000;92:375-385.

35.  Andren-Sandberg A, Hoem D, Gislason 
H. Pain management in chronic pancre-
atitis. Eur J Gastroenterol Hepatol 2002; 
14:957-970.

36.  Mohseni Salehi Monfared SS, Vahidi H, 
Abdolghaffari AH, Nikfar S, Abdollahi M. 
Antioxidant therapy in the management 
of acute, chronic and post-ERCP pancre-
atitis: A systematic review. World J Gastro-
enterol 2009; 15:4481-4490.

37.  Gullo L, Barbara L, Labo G. Effect of cessa-
tion of alcohol use on the course of pan-
creatic dysfunction in alcoholic pancreati-
tis. Gastroenterology 1988; 95:1063-1068.

38.  Lee FJ, Raleigh J. Images in clinical medi-
cine. Tropical calcific pancreatitis. N Engl J 
Med 2011; 365:1425.

39.  Knapp G, Biggerstaff BJ, Hartung J. As-
sessing the amount of heterogeneity in 
random-effects meta-analysis. Biom J 
2006; 48:271-285.


