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Abstract

Background. Cumulative evidence suggests an analgesic effect of thiamine, pyridoxine, and cyanocobalamin (TPC) in
monotherapy, and also when combined with nonsteroidal anti-inflammatory drugs (NSAIDs), particularly diclofe-
nac, in a synergistic manner. The aim of this review was to determine the effects of diclofenac combined with TPC
compared with diclofenac monotherapy for low back pain (LBP) management. Methods. We searched for randomized
clinical trials on the MEDLINE, EMBASE, LILACS, and Cochrane databases of records of clinical trials, among other
sources. We evaluated the risk of bias regarding randomization, allocation concealment, blinding, incomplete out-
come data, selective reporting, and other biases. A random-effects meta-analysis to examine patients with acute
LBP (N¼ 1,108 adults) was performed, along with a subsequent sensitivity analysis. Results. Five studies in patients
with LBP were included in the qualitative synthesis. Four of these studies in acute LBP were included in the first
meta-analysis. A sensitivity test based on risk of bias (three moderate- to high-quality studies) found that the combi-
nation therapy of diclofenac plus TPC was associated with a significant reduction in the duration of treatment
(around 50%) compared with diclofenac monotherapy (odds ratio ¼ 2.23, 95% confidence interval ¼ 1.59 to 3.13,
P<0.00001). We found no differences in the safety profile and patient satisfaction. Conclusions. This meta-analysis
demonstrated that combination therapy of diclofenac with TPC might have an analgesic superiority compared with
diclofenac monotherapy in acute LBP. However, there is not enough evidence to recommend this therapy in other
types of pain due to the scarcity of high-quality studies.
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Introduction

Low back pain (LBP) is a serious and widespread public

health problem. In fact, several reports indicate that

global prevalence of LBP in adults is approximately

12%, whereas the one-year prevalence is 38% and life-

time prevalence is around 40% [1]. Due to the increase

of several comorbidities, such as obesity, smoking, seden-

tary lifestyles, and aging in the general population, recent

reports suggest that this prevalence may rise [2,3]. In a

survey of adult farmers in Saskatchewan, 84% of partici-

pants reported having experienced at least one episode of

back pain during their lifetime [4]. In 2002, the US
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National Health Interview Study reported that 26.4% of

the 30,000 participants had experienced at least one full

day of back pain in the last three months [5]. In addition,

it has been estimated that the incidence of recurring back

pain varies between 24% and 80% [6].

Although most patients with acute LBP improve with

usual treatment, some have periods of relapse and de-

velop chronic LBP [6]. In this context, anatomical (i.e.,

degenerative spinal conditions, muscle atrophy) and

functional changes in the central nervous system (i.e.,

central sensitization) [7–9] have been described.

Thus, LBP is a frequent cause of persistent and/or sig-

nificant disability. The Global Burden of Disease Study

stated that back (and cervical) pain and migraines are

among the leading causes of disability in the world [10].

Among more than 300 disorders analyzed in the study,

back pain and cervical pain were the leading causes of

disability worldwide over the last 25 years, affecting both

high- and low-income countries, particularly the working

population between 25 and 65 years of age [10].

Treatment for LBP involves pharmacological and non-

pharmacological measures. Firstline drug treatment for

LBP typically consists of the use of acetaminophen (para-

cetamol) or NSAIDs, but their use is limited by adverse

gastrointestinal, renal, hepatic, and cardiovascular reac-

tions, among others [11]. Adjuvant analgesics are drugs

with indications other than pain that have analgesic

properties in some painful conditions [12]. These drugs

can exert a synergistic effect when combined with classi-

cal analgesic drugs. Some adjuvant drugs are used for the

management of acute back pain, including benzodiaze-

pines, cyclobenzaprine, methocarbamol, carisoprodol,

baclofen, and tizanidine [11]. However, the use of these

drugs is limited by their potential to cause sedation, dizzi-

ness, dependence and abuse (benzodiazepines and cariso-

prodol), hepatic toxicity, and multiple drug interactions

[11]. In terms of opioid agonists, because most previous

studies have been carried out in patients with chronic

LBP, they are not considered to be firstline drugs for the

management of the acute condition [11]. Likewise, these

drugs carry a major risk of toxicity that includes adverse

effects such as sedation, confusion, nausea, constipation,

respiratory depression, tolerance, dependence, and po-

tential for abuse [13]. Nonpharmacological approaches

encompass psychological therapies, multidisciplinary re-

habilitation, osteopathy, acupuncture, massage, physical

activity, and various physical modalities with variable

results (low- and moderate-quality evidence) [14].

Because there is currently no ideal treatment for LBP, the

use of adjuvants that help to reduce the dose or duration

of treatment with NSAIDs must be considered, as

adjuvants can decrease disability in these patients.

For nearly 30 years, the analgesic effects of thiamine

(vitamin B1), pyridoxine (vitamin B6), and cyanocobala-

min (vitamin B12; TPC) have been studied at therapeutic

doses (far higher than nutritional ones), as well as in

combination with NSAIDs (particularly diclofenac), in

patients with LBP [15–17]. The analgesic effect of TPC

has been explained by multiple mechanisms of action,

including an anti-inflammatory and antioxidant effect,

the activation of adenosine receptors, the modulation of

voltage-gated sodium channels (thiamine), blocking of

P2X receptors by ATP (pyridoxine), and a GABAergic

and serotoninergic effect (cyanocobalamin and pyridox-

ine), as well as other neurotransmitter systems [18–27].

Recent evidence indicates that potentiation of antinoci-

ceptive effects of morphine by B vitamins could be

explained through intracellular pathways related to

morphine tolerance (p-NR1 and p-PKC) and immuno-

modulatory effects in the spinal cord (IBA1 and IL-1b)

[28]. Anti-inflammatory effects of B vitamins have been

described in animal models of pain such as mechanical

allodynia and neuropathic pain [29,30].

Regarding management of back pain with NSAID

monotherapy vs NSAIDs combined with TPC, the most

recently published systematic review concluded that the

evidence was inconclusive, and a meta-analysis was not

carried out [31]. Although the three studies included by

Roelofs et al. reported positive results for combination

therapy [31], there were only statistically significant dif-

ferences in one of them [15]. However, the authors didn’t

include a randomized clinical trial (RCT) with a sample

of 372 patients with acute LBP, which was published af-

ter their systematic review [32]. We hypothesize that the

inclusion of this study might change the overall effects of

the intervention in patients with LBP.

The aim of this systematic review and meta-analysis is

to assess clinical evidence about the efficacy and safety of

TPC combined with diclofenac for LBP pain treatment

regarding pain relief, participant satisfaction, and ad-

verse events.

Methods

We compiled all available published and unpublished evi-

dence and used premature discontinuation of medication

due to complete pain relief as the primary outcome mea-

sure. Secondary outcomes included decreased pain inten-

sity according to a visual analog scale (VAS) measure, the

occurrence of adverse events (i.e., gastrointestinal events),

and participant satisfaction, based on the number of

patients who described subjective improvement at the end

of the study. We assessed the quality of the obtained results

using the Grading of Recommendations Assessment,

Development and Evaluation (GRADE) methodology [33].

Data Sources and Search Strategy
We conducted this systematic review of RCTs in accor-

dance with the Preferred Reporting Items for Systematic

Reviews and Meta-analyses declaration criteria and the

current recommendations of the Cochrane Collaboration

[34,35]. We carried out searches up to June 2018 using

the search terms “pain,” “thiamine,” “vitamin B1,”
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“pyridoxine,” “vitamin B6,” “cyanocobalamin,”

“vitamin B12,” “vitamin B complex,” “Neurobion,” and

“diclofenac” in the following databases: MEDLINE

(Ovid SP), Cochrane Central Register of Controlled

Trials (CENTRAL), EMBASE (Ovid SP), the Cumulative

Index to Nursing and Allied Health Literature

(CINAHL), the Latin American and Caribbean Health

Science Information Database (LILACS), International

Standard Randomized Controlled Trial Registry

(ISRCTN), ClinicalTrials.gov, and the International

Clinical Trials Registry Platform (ICTRP). No language,

date of publication, or completion status filters were

used. In addition, we carried out a search of the referen-

ces for review articles, relevant clinical trials, textbooks,

and conference summaries to identify more RCTs. In all

cases, we read the full-text versions of these articles. We

systematically contacted the corresponding authors by

e-mail if the publication contained incomplete data (i.e.,

data on adverse events). Although the focus of this review

is LBP, we searched for pain in general, with the inten-

tion of increasing the sensitivity of the search strategy,

considering that there are a lot of terms with the same

meaning (i.e., back pain, lumbago, spine pain, sciatica,

and dorsalgia, among others).

The search equation is found in Appendix 1. Likewise,

we made additional efforts to identify RCTs that were

potentially relevant to the topic using the following data

sources: 1) gray literature (theses, internal reports, non-

peer-reviewed journals) and 2) other unpublished sources

known to experts in the specialty (obtained via personal

communication).

Study Selection
We included all RCTs that were performed in patients of

any age suffering from LBP that was acute or chronic;

primary or secondary; of mild, moderate, or severe inten-

sity; and nociceptive, neuropathic, or nociplastic in nature

(population) [36]. The treatment of interest was diclofenac

combined with TPC by any route of administration (inter-

vention), vs diclofenac monotherapy (control), for pain

management. Only the studies that included patients with

LBP were considered for qualitative synthesis and meta-

analysis considering that this was the focus of this system-

atic review. A summary of the screening and selection of

articles is summarized in Figure 1.

Two independent reviewers assessed each title, sum-

mary, and full text (CCO and MNM, when available)

based on the selection criteria. Any disagreement was dis-

cussed with a third author (CAA) until a consensus was

reached.

Extraction of the Data and Assessment of the Risk

of Bias
We developed a data extraction format and tested it on

five of the studies included. The format was later refined

based on the results obtained. We extracted information

about the trial setting (country), participants (age, sex),

number of patients randomized and studied, number of

study arms, experimental treatment (time of administra-

tion, duration, and doses), main results, adverse events,

and other information (primary author and sponsorship).

Two reviewers (CCO and MNM) independently

extracted data from each study, assessed the quality of

the study methodology using the Cochrane Risk of Bias

Tool [35], and any discrepancies were resolved by con-

sensus with a third author (CAA).

Outcome Measurements
The primary outcome was the proportion of patients

who stopped their treatment with diclofenac or diclofe-

nac combined with TPC due to complete pain relief (VAS

< 20 mm). The secondary outcomes included decreased

pain intensity using validated pain scales (VAS and/or

Likert scales) and the occurrence of adverse drug reac-

tions, such as gastrointestinal disorders. Furthermore, we

analyzed participant satisfaction, the cost defined by the

study authors, and mortality.

Data Synthesis and Analysis
When the measurement of outcomes was sufficiently con-

sistent across trials, we used odds ratios (ORs) for

Records iden�fied 
through the database 
search strategy 

N = 409 

Addi�onal records 
iden�fied through other 
sources 

N = 4 

Records a�er duplicates 
were eliminated 

N = 239 

Records 
selected (�tles 
iden�fied from 
the electronic 
bibliographies 
and selected for 
recovery) 

N = 29 

Records excluded 

N = 14 

Ar�cles with 
complete texts 
assessed for 
selec�on 
(publica�ons 
with complete 
text poten�ally 
suitable for a 
full assessment) 

N = 15 

Ar�cles with 
complete texts that 
were excluded and 
reasons why: 

Use of a placebo 
N = 4 

Non-random 
alloca�on 

N = 1 

Studies included 
in the 
qualita�ve 
synthesis 
N = 5 

Studies included 
in the 
quan�ta�ve 
synthesis 
N = 4 

Sensi�vity 
analysis based 
on risk of bias  
N = 3 

Figure 1. Flowchart describing study selection.
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dichotomous data and mean differences (MDs) for con-

tinuous data, with their corresponding 95% confidence

intervals (CIs). We included unstandardized MDs be-

cause they allow for more direct clinical interpretation.

When a study seemed to be missing data, we also con-

tacted the corresponding authors. Using a sensitivity

analysis, we explored the effects of including studies with

high levels of lost data in our overall assessment of the ef-

fect of the treatment. When possible, the denominator

for each outcome was based on the initial random alloca-

tion, taking into consideration the number of participants

based on the group to which they were initially assigned

(analysis by intention to treat). We also evaluated clinical

heterogeneity (differences between studies in key charac-

teristics of the participants, treatments, or outcome meas-

urements) [37]. The five studies in the systematic review

included patients with LBP. Considering that the studies

of Vetter, Kuhlwein, Brüggemann, and Mibielli were suf-

ficiently homogeneous in terms of participants, interven-

tions, and outcomes (low clinical heterogeneity), they

were included in the meta-analysis. We excluded the

study by Levin et al. because it was open label, performed

in patients with chronic LBP, used benfotiamine, and the

main outcome was reduction in pain intensity and not

the number of patients able to stop therapy due to com-

plete pain relief. The methodological heterogeneity is low

in our review, as we only evaluated RCTs and most of

the studies included in the analysis have a low or indeter-

minate risk of bias (Figure 2). We considered any value

of I2 > 50% to be representative of statistically signifi-

cant heterogeneity between studies. We also carried out a

visual inspection of the graphic representation of the

study results with 95% CIs to assess heterogeneity.

Rating Evidence Quality
The “Summary of Findings” table shows the primary

outcomes from the review, as recommended in the

Cochrane Handbook for Systematic Reviews of
Interventions, version 5.1 (Appendix 2) [35]. We assessed

the quality of evidence for each outcome based on the

GRADE system for five items: risk of bias, inconsistency,

problems with applicability of the evidence, imprecision,

and publication bias [33]. Each item was assessed inde-

pendently by two authors (CCO and MNM), with subse-

quent discussion to reach consensus, if necessary.

Results

Characteristics of the Studies and Patients
Our search through the electronic databases yielded a to-

tal of 409 publications (Figure 1). After reviewing the

titles and abstracts (when available) of all the articles, we

obtained 15 full-text articles for possible inclusion. Only

one of the authors contacted sent the complete study

database. After assessing the full texts, we excluded four

articles because of nonrandom allocation and one

because of the use of placebo. Five additional articles

were excluded because they included patients with condi-

tions other than LBP (i.e., tonsillectomy, lower limb frac-

tures, and osteoarthritis) (Supplementary Data). Finally,

we included five articles in the qualitative synthesis. The

study selection process is summarized in the Preferred

Reporting Items for Systematic Reviews and Meta-

analyses (PRISMA) flowchart shown in Figure 1.

We included five RCTs in patients with LBP (pop-

ulation; 1,207 participants) comparing the efficacy of

diclofenac combined with TPC (intervention) vs diclofe-

nac monotherapy (control) [15,17,32,43]. Only one of

the studies [43] used benfotiamine, a fat-soluble deriva-

tive of thiamine [44], instead of thiamine. The primary

outcome in four of the five studies (the other being the

study by Levin et al.) was premature discontinuation of

treatment before the study ended due to complete relief

of pain.

The trials were published between 1988 and 2009.

One of the five trials was financially supported by Merck

[16]. The median target sample size was 241.4 (min–max

¼ 38–418) patients. A summary of the five included stud-

ies is shown in Table 1.

All the studies had two arms and were double-blind,

except for the study by Levin et al. [43], which was open

Figure 2. Risk of bias summary in low back pain studies: “þ”:
low risk of bias, “?”: unclear risk of bias, “�”: high risk of bias.
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label. The studies conducted in Brazil [32] and

Russia [43] were performed at single sites, whereas the

three studies conducted in Germany were multicenter

[15–17]. Four studies compared the efficacy of diclofenac

vs diclofenac in combination with TPC for the manage-

ment of acute LBP or acute exacerbations of chronic lum-

bago (1,169 participants), and the Levin study was

conducted with patients suffering from chronic LBP. The

dose of diclofenac ranged from 25 mg/8 h [15] to 150 mg/

d, divided into two or three doses [16,17]. The thiamine

and pyridoxine doses ranged from 50 mg/12 h [32] to

150 mg/12 h for each of these compounds [17]. The doses

of cyanocobalamin ranged from 0.25 mg/8 h [15,16] to

1 mg/12 h [32]. Two studies included mostly patients

with acute lumbago of unspecified origin [17,32],

whereas the other three included patients with degenera-

tive lumbar spine disorders [15,16]. All the studies in-

cluded patients aged 18 and older. The diagnosis or

suspicion of herniated disks and other disk disorders was

an exclusion criterion in four of the five studies, but not

in the Levin study. Other exclusion criteria common to

all studies were hypersensitivity to the medications used

in the studies, gastric ulcers or recent history of upper di-

gestive tract bleeding, malignant tumors, blood disorders,

hepatic and/or renal impairment, current use of anticoag-

ulant therapy, alcohol or drug abuse, pregnancy, or

breast feeding [15–17,32].

In two studies, patients had to complete at least three

days of treatment [15,32], whereas in the Vetter and

Brüggemann study the participants had to take the medi-

cation for at least one week [16,17] and in the Levin

study patients took the medication for six months, with-

out the possibility to suspend treatment. Secondary out-

comes included a decrease in pain intensity assessed with

the VAS score (all the studies); patient satisfaction,

assessed using the Hoppe Scale [16,17] or subjective eval-

uations of improvement [15–17,32,43]; the assessment of

adverse reactions, including adverse gastrointestinal reac-

tions [16,17,32]; and improvement in functional parame-

ters of the spine, such as the fingers-to-floor distance

[32]. Given that the four acute LBP studies had a similar

design and reported the same primary outcome (complete

pain relief that was sufficient to stop medication before

the end of the study), we summarized the data and car-

ried out a meta-analysis for that primary outcome, as

well as for the following secondary outcomes: patient sat-

isfaction and the occurrence of gastrointestinal adverse

reactions, thereby excluding the Levin study from the

meta-analysis.

According to the criteria for judging risk of bias in the

Risk of Bias assessment tool [35], the overall risk of bias

was low for one of the five (20%) trials, high for two of

the five (40%), and unclear for two of the five (40%). In

the studies with a high risk of bias, this bias resulted

from incomplete outcome data, reporting bias, and per-

formance bias (Figure 2).

Primary Outcome

Enough Pain Relief to Discontinue Therapy Due to

Remission of Symptoms

The four studies conducted on patients with acute back

pain or acute aggravation of chronic back pain reported

a reduction of approximately 50% in the duration of an-

algesic treatment (from 14 to seven days or seven to three

days) as the primary outcome [15–17,32].

We conducted a random-effects meta-analysis

(Figure 3) in which a total of 189 of 548 patients

achieved the primary outcome in the experimental group

(diclofenac plus TPC), vs 128 of 560 patients in the con-

trol group (diclofenac monotherapy). This gave the fol-

lowing results, in favor of the combination therapy

group: OR ¼ 1.87, 95% CI ¼ 1.28 to 2.72, P¼ 0.001;

relative risk (RR) ¼ 1.52, 95% CI ¼ 1.19 to 1.93,

P¼ 0.0007; number needed to treat to benefit (NNTB) ¼
9, 95% CI ¼ 6–16; and risk difference (RD) ¼ 12%,

95% CI ¼ 4% to 20%, P¼ 0.003.

Secondary Outcomes

Reduction in Pain Intensity Documented by VAS

Regarding LBP, all the studies included in this review

reported higher pain reduction assessed by VAS in the

combination therapy group (diclofenac plus TPC) com-

pared with diclofenac as monotherapy. Levin et al. [43]

evaluated this end point as a main outcome. Considering

that mean reductions in VAS with their corresponding

Figure 3. Meta-analysis: early suspension of medication in patients with acute low back pain due to relief of symptoms, including
the Brüggemann study. Forest plot of randomized controlled trials examining premature suspension of study medication due to
complete pain relief (VAS � 2). Study ID is the primary author’s last name.
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standard deviations were only reported in two of the

studies [15,32], and one of the studies did not report the

mean VAS score [17], it was not possible to carry out a

meta-analysis for this outcome (a summary of the sec-

ondary outcomes and time points is included in

Table 1).

All the studies found a reduction in VAS scores at dif-

ferent points of time (three to 24 days) in favor of the

combination therapy group, with statistically significant

results in the reports by Kuhlwein, Mibielli, and Levin

[15,32,43]. Levin et al. found a difference in favor of the

combination treatment group that reached statistical sig-

nificance on day 24 of the study and was maintained at

months 3 and 6 of the assessment [43]. However, this

was an open-label study with a high risk of bias

(Figure 2).

Occurrence of All Adverse Reactions Associated with

Treatment Using Diclofenac Combined with TPC

Regarding the safety profile of the interventions, the fol-

lowing adverse events were reported:

Vetter et al. [16] reported that 18 (14.3%) of the

patients in the experimental group had adverse reactions,

compared with 19 (15.1%) in the control group.

However, nine (7.8%) of the patients in the intervention

group had to discontinue therapy due to adverse reac-

tions such as dyspepsia, pyrosis, diarrhea, nausea, vomit-

ing, eructation, diaphoresis, eczema, dizziness,

suffocation, chills, and R-R interval prolongation mea-

sured with electrocardiogram. However, the authors did

not attribute these symptoms exclusively to the use of the

study medication. In the control group, five (4.1%) of

the patients discontinued treatment due to adverse

events. The statistical significance of those results is not

presented in the article, but we calculated a nonsignifi-

cant OR of 0.93 (95% CI ¼ 0.47 to 1.89).

Mibielli et al. [32] reported the occurrence of adverse

reactions in three different periods of the study, as fol-

lows: On day 3, 19 patients in the treatment group had

adverse reactions, compared with 20 patients in the con-

trol group. On day 5 of the study, the frequency was 14

vs 12, and on day 7 it was three vs 12 in the treatment

and control groups. In addition, Mibielli et al. [32]

reported that three participants in the experimental group

were withdrawn from the study due to elevation of trans-

aminases (N¼ 2) and dyspepsia (N¼ 1). However, the

authors of the study mentioned that all the adverse reac-

tions could be considered typical of treatment with

NSAIDs and that, except for the cases mentioned, the lab-

oratory values remained within the reference values for

all participants, with no significant differences compared

with pretreatment values. For this study, we calculated a

nonsignificant OR of 0.75 (95% CI ¼ 0.48 to 1.19).

Brüggemann et al. [17] reported that 70 patients in the

study had adverse drug reactions, but the distribution be-

tween the study arms was not reported. Considering that

only two studies reported this outcome, we did not per-

form a meta-analysis for total adverse events.

Participants’ Tolerance, Including the Incidence of

Gastrointestinal Disorders

Three studies contained specific information about gas-

trointestinal adverse reactions [16,17,32].

Vetter et al. [16] reported that 14 patients in the treat-

ment group and 13 patients in the control group had gas-

trointestinal adverse reactions, including dyspepsia,

nausea, vomiting, constipation, diarrhea, eructation, py-

rosis, meteorism, and abdominal distension (OR ¼ 1.15,

95% CI ¼ 0.52 to 2.57).

Brüggemann et al. [17] reported that 12 (5.7%)

patients in the combination therapy group and seven

(3.3%) patients in the control group had gastrointestinal

disorders that led them to withdraw from the study; how-

ever, P values were not reported. We calculated a non-

significant OR of 1.76 (95% CI ¼ 0.68 to 4.56). In

addition, this study reported two cases of temporary ele-

vation of serum glutamic oxaloacetic transaminase

(SGOT) but did not specify which study arm the patients

with this adverse reaction belonged to.

Mibielli et al. [32] reported 12 gastrointestinal adverse

reactions including dyspepsia, flatulence, nocturnal pyro-

sis, diarrhea, and constipation in the experimental group,

compared with 27 gastrointestinal reactions in the con-

trol group (OR ¼ 0.40, 95% CI ¼ 0.20 to 0.82).

A meta-analysis for this outcome did not find signifi-

cant differences between the two groups (OR ¼ 0.90,

95% CI ¼ 0.37 to 2.17, P¼ 0.81) (Figure 4).

Participant Satisfaction Defined by the Authors of the

Study

In all five studies, patient satisfaction was assessed using

qualitative scales [15–17,32,43].

Vetter et al. [16] used a qualitative scale based on the

following items: “better,” “no change,” “worse,” “no in-

formation available.” Brüggemann et al. [17] and

Kuhlwein et al. [15] used a similar qualitative scale:

“very good,” “good,” “no change,” and “poor” in rela-

tion to the patients’ general perception after therapy.

For this purpose, Mibielli et al. [32] used a subjective

evaluation (satisfied vs unsatisfied) in patients with LBP.

After checking the database of this study, at visit 2 (after

three days) 162 patients out of 187 reported satisfaction

in the combination therapy group vs 152 out of 185 in

the monotherapy group. At visit 3 (after five days) 85

patients out of 87 reported satisfaction in the combina-

tion therapy group vs 115 out of 120 in the monotherapy

group. At visit 4 (after seven days), 16 patients out of 16

reported satisfaction in the combination therapy group vs

67 out of 68 in the monotherapy group (P > 0.05).

By setting cutoff points between patients who reported

some grade of improvement and those who did not at

their last visit in the study, we made this variable
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dichotomous, enabling the corresponding meta-analysis

of patients with acute back pain, which did not find sig-

nificant differences between the two groups (OR ¼ 1.48,

95% CI ¼ 0.76–2.87, P¼ 0.24) (Figure 5).

Levin et al. [43] reported substantial or moderate im-

provement on the Neuropathic Pain Scale in 66% of the

patients who received the combination therapy, com-

pared with 34% of the patients given only diclofenac.

Cost Defined by the Authors of the Study

This outcome was not discussed in any of the studies in-

cluded in this review.

Mortality

No deaths were reported in any of the studies included in

this review.

Sensitivity Analysis Based on Risk of Bias
As part of the sensitivity analysis, when we excluded the

Brüggemann et al. study [17], which was considered to

have a high risk of bias (attrition and reporting biases),

the following results were found in favor of the experi-

mental group: OR ¼ 2.23, 95% CI ¼ 1.59 to 3.13,

P< 0.00001; RR ¼ 1.68, 95% CI ¼ 1.34 to 2.11,

P< 0.00001; NNTB ¼ 6, 95% CI ¼ 5 to 11; RD ¼ 15%,

95% CI ¼ 6% to 24%, P¼ 0.001 (Figure 6).

Discussion

This systematic review summarizes the available evidence

regarding the combination of TPC with diclofenac for

LBP. It is based on moderate- and high-quality evidence,

which revealed a reduction in treatment duration of ap-

proximately 50% in patients with acute LBP who re-

ceived combination therapy. Thus, we propose that the

addition of these vitamins could work as a useful analge-

sic adjuvant for managing patients with acute back pain.

The combination of TPC with diclofenac has shown con-

tradictory or inconclusive results in postoperative pain,

for both tonsillectomy [38,39] and lower limb fractures

(a summary of these studies is included in the

Supplementary Data) [40,41]. Although combination

therapy may be more effective than diclofenac in mono-

therapy for treating conditions such as osteoarthritis [42]

and lower limb fractures [41], the current evidence is in-

sufficient to recommend it as a firstline therapy.

Strengths and Weaknesses of our Methodology
Our study had several strengths that should be consid-

ered. First, we conducted a rigorous and extensive review

of the literature, including searches of records of clinical

studies, and we contacted the authors of the studies pub-

lished. Second, by collecting a large amount of informa-

tion, we were able to achieve the necessary amount of

information to analyze the effect of adding TPC to diclo-

fenac for managing LBP. Third, our systematic review

was associated with a rating of the quality of evidence,

thus providing transparency in our presentation of the

available evidence and the degree to which we can state

that our estimates of the effect are accurate. The main

weakness of our review was the relatively small number

of studies examining pain conditions other than acute

back pain, making it difficult to establish the benefits of

this treatment for other pathologies.

Reduction of the Duration of Analgesic Therapy to

Half the Usual Time in Patients with Acute Back

Pain and Safety of the Intervention
The results of the meta-analysis in patients with LBP

revealed that combination treatment using diclofenac plus

TPC reduces the time of exposure to NSAIDs, compared

with diclofenac monotherapy. The number needed to treat

to achieve this benefit is only six (P¼ 0.001). This is also

significant from a clinical point of view, considering that

the cumulative dose of diclofenac could be reduced by ap-

proximately 50%. In the meta-analysis, we did not find

significant differences in total or gastrointestinal adverse

reactions. In general, it is well accepted that B vitamins

have a favourable safety profile [45]. We hypothesize that

the absence of thiamine toxicity may be related to reduced

body accumulation, considering that it is a water-soluble

vitamin and is quickly eliminated renally [46]. In the case

of pyridoxine, isolated cases of peripheral neuropathy,

dermatitis, photosensitivity, dizziness, and nausea have

been reported with administration of long-term doses

higher than 1 g/d (five times the usual dose) [47].

Anaphylactic shock after parenteral administration of cya-

nocobalamin has been reported in isolated cases [48].

Intervention trials indicate that vitamin B12 by oral route

Figure 4. Meta-analysis: gastrointestinal adverse events. Forest plot of randomized controlled trials examining the occurrence of
gastrointestinal adverse events.
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has low potential for toxicity: in the NORVIT [49] and

HOPE 245 trials, vitamin B12 supplementation (in combi-

nation with folic acid and vitamin B6) did not cause any

serious adverse events at doses of 0.4 mg for 40 months

(NORVIT trial) and 1.0 mg for five years (HOPE 2 trial).

First Quantitative Analysis of the Effect of

Combining B Vitamins (TPC) with Diclofenac for

LBP Management
This is the first meta-analysis of the effect of adding TPC

to diclofenac during analgesic therapy in patients with

acute LBP.

The results of this review partly coincide with those of

another systematic review by Roelofs et al. performed on

patients with back pain [31]. That review, conducted us-

ing Cochrane’s methodology, did not include the study

by Mibielli et al. [32], because that was published the fol-

lowing year. However, it included studies by Vetter et al.

[16], Kuhlwein et al. [15], and Brüggemann et al. [17],

and the first two were considered to be of high quality by

the authors of the review. Because of the conflicting

results and lack of significant differences in the

Brüggemann et al. [17] study, Roelofs and collaborators

deemed the evidence to be contradictory and possibly in-

sufficient to demonstrate higher analgesic efficacy of the

combination therapy over diclofenac monotherapy in

patients with acute back pain. In addition, with only two

high-quality studies, the evidence available at that time

was insufficient to perform a meta-analysis.

Therefore, we included Mibielli et al. [32] in the cur-

rent random-effects meta-analysis with a total of >1,000

patients (N¼ 1,108) with acute back pain. Including this

study revealed that adding TPC to the standard therapy

with diclofenac shortened the duration of treatment to

half the usual time.

Two reports in post-tonsillectomy patients [38,39]

who received combination therapy found a reduction in

the dose of diclofenac as a secondary outcome, reporting

an average reduction in the dose of diclofenac of approxi-

mately 50 mg/d per patient (P< 0.00001). However, as

these clinical trials have several methodological weak-

nesses (i.e., they did not report the use of rescue doses

with morphine between the two study groups and incom-

plete outcome data, among others), we consider that

both reports had high risk of bias (Supplementary Data).

Most of the studies included in this systematic review

reported a reduction in pain scores assessed by VAS and

Likert scale, in favor of the combination therapy group

(Table 1; Supplementary Data). The greatest reduction in

VAS scores was found in two studies in patients with lower

limb fractures and severe osteoarthritis [41,42], with an ad-

ditional reduction of almost two points on the VAS scale,

compared with patients who received only diclofenac.

In patients with severe osteoarthritis of the knee and

lumbosacral radiculopathy, higher satisfaction was

reported using qualitative scales in the combination therapy

group compared with those given diclofenac monotherapy

[42,43]. However, in our meta-analysis, we did not find

significant differences in LBP. Considering that the

Figure 5. Meta-analysis: patient satisfaction Forest plot of randomized controlled trials examining patient satisfaction according to
the number of patients who reported some grade of improvement and those who did not at their last visit in the study.

Figure 6. Meta-analysis: early suspension of medication in patients with acute low back pain due to relief of symptoms, without in-
cluding the Brüggemann study. Forest plot of randomized controlled trials examining premature suspension of study medication
due to complete pain relief (VAS � 2), without including the Brüggemann study (sensitivity analysis). Study ID is the primary
author’s last name.

Diclofenac and B Vitamins for Low Back Pain 775

Deleted Text: 5&hx2009;
Deleted Text: 4.3 
Deleted Text: q
Deleted Text: a
Deleted Text: e
Deleted Text: c
Deleted Text: -
Deleted Text: v
Deleted Text: d
Deleted Text: m
Deleted Text: it 
Deleted Text:  the
Deleted Text: ,
Deleted Text:  
Deleted Text:  
Deleted Text: more than 
Deleted Text:  
Deleted Text: (n
Deleted Text:  
Deleted Text: ay
Deleted Text: since
Deleted Text: , 
https://academic.oup.com/painmedicine/article-lookup/doi/10.1093/pm/pnz216#supplementary-data
Deleted Text: favour
Deleted Text:  and
https://academic.oup.com/painmedicine/article-lookup/doi/10.1093/pm/pnz216#supplementary-data
Deleted Text: 2 
Deleted Text: &hx0144;


heterogeneity of this meta-analysis was higher than 50%

(I2 ¼ 73%), this result must be interpreted with caution.

This lack of difference could be explained by the fact that

acute LBP is usually a self-limited condition, and in half of

the reports, the satisfaction was evaluated after 14 days

[16,17]. Only the studies that evaluated this outcome in the

early phase of the condition (after three days and seven

days) reported higher levels of satisfaction [15,32].

Exhaustiveness and Applicability of the Evidence
Considering that Brüggemann et al. [17] was classified as

having high risk of bias, we carried out a sensitivity anal-

ysis excluding this study in the meta-analysis for the pri-

mary outcome in patients with LBP. We found a higher

OR for this outcome (OR ¼ 2.23, 95% CI ¼ 1.59–3.13)

(Figure 6).

In terms of overall therapy for back pain management,

none of the studies mentioned self-care or psychotherapy,

or the use of alternative medicine or supplementary

forms of treatment (e.g., acupuncture, osteopathy).

Physical therapy was permitted in Vetter et al. [16], but

neither the number of sessions nor the type of session in-

volved in each of the study arms was reported. However,

this type of treatment was not allowed in the studies by

Kuhlwein et al. [15] or Mibielli et al. [32] during the first

three days of the study. Brüggemann et al. [17] did not

mention the use of this therapy. The concomitant use of

analgesics other than those assessed was not allowed in

any of the four acute LBP studies included in the meta-

analysis [15–17,32] and was considered by the inves-

tigators an exclusion criterion.

Clinical Implications
The current review and meta-analysis revealed evidence

confirming a superior analgesic effect for the combina-

tion of diclofenac with TPC over conventional therapy

(diclofenac monotherapy) in patients with acute LBP, or

acute exacerbations of the chronic condition, with or

without degenerative lumbar spine disease without disc-

opathy. The doses of diclofenac ranged between 75 and

150 mg/d, whereas the doses of vitamins B1 and B6 were

between 100 and 300 mg/d. The dose of vitamin B12

ranged between 0.75 [15,16] and 2 mg/d in the study by

Mibielli et al. [32], which reported the greatest levels of

pain relief. These results are in agreement with those

reported by the Maga~na-Villa et al. [42] study of patients

with severe osteoarthritis of the knee and the Ponce-

Monter et al. [41] study of patients with lower limb frac-

tures and surgery, in which cyanocobalamin doses of

2 mg/d or more were used. Importantly, cyanocobalamin

as monotherapy delivered by intramuscular route has

previously been assessed in patients with chronic back

pain against placebo [50] in an RCT, with a greater re-

duction in the VAS in patients who received vitamin B12

(average reduction of 66 points), compared with those

given placebo (average reduction of 34 points;

P< 0.0001). We speculate that the analgesic effect of

combining thiamine, pyridoxine, and cyanocobalamin

may be largely due to vitamin B12.

Two additional pilot studies suggested a benefit of the

addition of TPC to diclofenac for acute LBP management

and spinal degenerative rheumatic diseases [51,52].

However, these studies had multiple risks of bias includ-

ing selective reporting bias, as well as selection, perfor-

mance, detection, and attrition bias, among others; for

this reason, they were not included in the qualitative syn-

thesis or in the present meta-analysis.

The synergistic effect of combining diclofenac with

TPC enables patients to resume work activities sooner

and may reduce the economic burden of disease associ-

ated with LBP, considering that this is the most disabling

condition worldwide. In addition, combination therapy

was associated with lower pain intensity and greater pa-

tient satisfaction at an early stage of the disease, with

fewer gastrointestinal adverse reactions, probably due to

a reduction in cumulative doses of diclofenac.

As we mentioned before, the antinociceptive action of

B vitamins (B1, B6, and B12) is explained by several

mechanisms of action complementary to those of

NSAIDs. Therefore, these vitamins, in combination with

diclofenac (and possibly other NSAIDs) can be useful for

the management of painful conditions that present with

inflammatory and neuropathic components at the same

time, known as mixed pain syndromes (e.g., LBP) [53].

Correspondingly, in a recent prospective study (N¼ 411),

the effectiveness of the TPC combination in peripheral

neuropathy was evaluated, and it was found that fixed

doses of this combination generate a significant reduction

in pain intensity, according to the VAS scale [54].

Conclusions

The available data included in this systematic review and

meta-analysis support, with moderate–high evidence, a

greater efficacy of diclofenac in combination with TPC

compared with diclofenac as monotherapy for the man-

agement of acute LBP, with the most significant effect be-

ing the reduction in treatment duration.

To confirm the efficacy and safety of this intervention,

future clinical studies should include TPC as a new anal-

gesic adjuvant therapy in several types of pain, including

mixed pain syndromes, such as LBP, osteoarthritis, post-

operative pain, and cancer, among others. In addition, it

may be valuable to investigate whether the use of TPC as

an analgesic adjuvant in patients with chronic pain helps

to reduce the necessary daily doses of NSAIDs and other

analgesics (i.e., opioids or antiepileptic drugs such as pre-

gabalin), along with the incidence of adverse reactions.
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Appendix 1. Search equation in PUBMED

The following search strategy was developed for PUBMED and was

adapted for the other databases to be searched

1. randomized controlled trial[Publication Type]

2. controlled clinical trial[Publication Type]

3. randomized[Title/Abstract]

4. diclofenac[Title/Abstract]

5. drug therapy[sh]

6. clinical trials as topic[sh]

7. randomly[Title/Abstract]

8. trial [Title/Abstract]

9. groups[Title/Abstract]

10. 1 OR 2 OR 3 OR 4 OR 5 OR 6 OR 7 OR 8 OR 9

11. Animals[mh] not (humans)[mh]

12. 10 not 11

13. pain[sh]

14. Thiamine

15. Vitamin B1

16. Pyridoxine

17. Vitamin B6

18. Cyanocobalamin

19. Vitamin B12

20. Vitamin B Complex

21. Neurobion

22. 14 OR 15 OR 16 OR 17 OR 18 OR 19 OR 20 OR 21

23. 12 and 13 and 22
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Appendix 2. Diclofenac compared with diclofenac þ B-complex vitamins for the management of acute back pain

Study group: patients aged >18 with acute back pain (for >3 days), without related disk pathology

Scope: outpatient care
Intervention: fixed-dose combination of diclofenac þ thiamine þ pyridoxine þ cyanocobalamin taken orally

Comparison factor: oral diclofenac

Outcomes

Examples of Comparative Risks

Relative Effect
(95% CI)

No. of
Participants
(Studies)

Quality

of the
Evidence
(GRADE) Comments

Assumed Risk Corresponding Risk

Diclofenac
Diclofenac þ B
Vitamins

Sufficient pain relief

to discontinue ther-

apy due to remis-

sion of symptoms

80 out of 368 par-

ticipants

achieved the

primary

outcome

136 out of 364 partic-

ipants achieved the

primary outcome

OR 2.23

(1.59 to 3.13)

RR 1.68

(1.34 to 2.11)

RD 0.15

(0.06 to 0.24)

732 participants

(3 studies)

High A statistically significant

difference was found

for the primary out-

come (early discontinu-

ation of therapy due to

resolution of symp-

toms) in three studies

with good methodolog-

ical quality and low

risk bias.

Reduction of pain in-

tensity in patients

with acute back

pain

Kuhlwein 1990:

24.03-mm re-

duction on the

VAS

Mibielli 2009

20.7-mm reduc-

tion on the VAS

Kuhlwein 1990:

42.18-mm reduc-

tion on the VAS

Mibielli 2009:

24.5-mm reduction

on the VAS

MD 10.59

(–3.45 to 24.64)

494 participants

(2 studies)

Moderate A trend toward greater

reduction in the pain

scores assessed by VAS

was found in patients

with acute back pain in

the participants in the

intervention group:

Larger sample sizes

may be required to

demonstrate statistical

significance. The stud-

ies included in this

meta-analysis were of

good quality methodo-

logically and low risk

bias. High heterogene-

ity and a wide confi-

dence interval for pain

reduction outcome

were found.

Satisfaction of the

patients with acute

back pain

441 out of 560

participants

achieved this

secondary

outcome

477 out of 548 partic-

ipants achieved this

secondary outcome

OR 1.48

(0.76 to 2.97)

RR 1.06

(0.95 to 1.19)

RD 0.06

(–0.03 to 0.16)

1,150 participants

(4 studies)

Moderate No statistically significant

difference was found in

the number of patients

who reported some de-

gree of subjective im-

provement (satisfac-

tion) in the control

group compared with

the intervention group.

Three of the four studies

included in this meta-

analysis were of good

quality in terms of

methodology. The

Brüggemann study had

reporting and attrition

bias due to incomplete

outcome data. For that

reason, the Brüggemann

report was considered a

low-quality study.

(continued)
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Appendix 2. continued

Study group: patients aged >18 with acute back pain (for >3 days), without related disk pathology
Scope: outpatient care

Intervention: fixed-dose combination of diclofenac þ thiamine þ pyridoxine þ cyanocobalamin taken orally
Comparison factor: oral diclofenac

Outcomes

Examples of Comparative Risks

Relative Effect

(95% CI)

No. of
Participants

(Studies)

Quality
of the
Evidence

(GRADE) Comments

Assumed Risk Corresponding Risk

Diclofenac

Diclofenac þ B

Vitamins

Total adverse reac-

tions in patients

with acute back

pain

75 out of 236

patients had

this secondary

outcome

64 out of 249 partici-

pants had this sec-

ondary outcome

OR 0.81

(0.55 to 1.18)

RR 0.85

(0.63 to 1.14)

RD –3.67

(–10.19 to 2.86)

624 participants

(2 studies)

High No statistically significant

difference was found

between the frequen-

cies of total adverse

reactions in the control

group compared with

the intervention group.

The two studies in-

cluded in this meta-

analysis were of good

quality in terms of

methodology with low

heterogeneity.

Gastrointestinal ad-

verse events

47 out of 516

patients had

this secondary

outcome

38 out of 512 partici-

pants had this sec-

ondary outcome

OR 0.90

(0.37 to 2.17)

RR 0.91

(0.41 to 2.03)

RD –0.01

(–0.09 to 0.06)

1,028 participants

(3 studies)

Moderate No statistically significant

difference was found in

the number of patients

who reported gastroin-

testinal adverse events

in the control group

compared with the in-

tervention group.

Two of the three studies

included in this meta-

analysis were of good

quality in terms of

methodology. The

Brüggemann study had

reporting and attrition

bias due to incomplete

outcome data. For that

reason, the Brüggemann

report was considered a

low-quality study.

The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its

95% CI). GRADE Working Group grades of evidence: High quality: We are very confident that the true effect lies close to that of the estimate of the effect.

Moderate quality: We are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that

it is substantially different. Low quality: Our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the ef-

fect. Very low quality: We have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect.

CI ¼ confidence interval; MD ¼ mean difference; OR ¼ odds ratio; RD ¼ risk difference; RR ¼ risk ratio; VAS ¼ visual analog scale.
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