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ABSTRACT

Background: Most peripheral neuropathy (PN) treatments relieve pain but do not restore neuronal health and
function. A fixed dose combination (FDC) of vitamin B1, B6 and B12 was previously reported to improve subjective
symptom perception in patients with mild to moderate PN.

Methods: The Neurobion Non-interventional (NENOIN) study was a prospective, open-label, multi-center, single-
arm observational study. 411 subjects with mild to moderate PN of various etiologies were prescribed once-daily dose
of 100 mg of vitamin B1, 100 mg of B6 and 5 mg of B12 (Neurobion® Forte tablets) for 90 days and evaluated with
neurological examination comprising 51 assessments at baseline, Days 14, 30, 60, and 90.

Results: Statistically significant (p<0.001) reflex improvements were observed in 67.6%, 54.3%, 92.3%, and 75.0%
patients with absent baseline reflex on their left ankle, right ankle, left knee, and right knee, respectively. The
percentage of subjects with normal ankle dorsiflexion strength increased significantly (p<0.001) from 86% (baseline)
to 97% (Day 90). Sensory assessments in the finger and toes showed significant (p<0.001) improvement. Significantly
(p<0.001) greater improvement in Total Symptom Score was observed among subjects with comparatively more
abnormal baseline sensory outcomes.

Conclusion: Treatment with an FDC of vitamin B1, B6, and B12 for 90 days progressively improved ankle and knee
reflex, motor strength, and sensory perception status in the toes and fingers.

Keywords: Peripheral neuropathy; Motor neuropathy; Total Symptom Score; Fixed dose combination; Neurotropic
vitamin B

INTRODUCTION in side effects and may present a potential risk of drug abuse

[5,6]. Recommended firstline treatment options for neuropathic
Peripheral neuropathy (PN) is a debilitating condition caused by b b

damage to the peripheral nervous system. It is characterized by
sensory symptoms such as tingling, numbness, pain, and muscle
weakness predominantly in the hands and feet [1,2]. Treatment of
PN typically focuses on mitigating neuropathic pain [3], a symptom
of late PN in which the nerves have undergone significant damage

pain may also be contraindicated in patients using additional
treatments, preventing the use of combination treatment in
patients not sufficiently responding to monotherapy [7]. Further,
while most treatments offer symptom relief often focusing on
painful symptoms, few help to restore nerve function and integrity

[3]. Thus, there is a need for alternative therapeutic approaches for
[4]. Various pharmacological treatment options are available for PN

PN; however, most treatments have moderate efficacy, may result
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Vitamin B deficiency is associated with PN and supplementation
with vitamin B may lead to symptom improvement [8-13].
Specifically, the synergistic effect of vitamins B1, B6, and B12 is
well studied and supports the physiological mechanisms required
for peripheral nerve regeneration and function [14]. Vitamin Bl
(thiamine) acts as an essential cofactor in carbohydrate metabolism
and facilitates cellular energy production, helping to provide
energy to nerve cells [15]. Vitamin B6 is an enzymatic cofactor that
contributes to the metabolism of various cellular macromolecules
including neurotransmitters [14,16,17]. In addition, vitamin B6
possesses potent anti-oxidative characteristics capable of effectively
quenching reactive oxygen species, thus protecting cells from
oxidative damage [14,17]. Vitamin B12 (cobalamin) plays important
roles in neuron regeneration and survival, remyelination, and the
maintenance of myelin sheaths [4,18]. Deficiency of vitamin B12
was found to be associated with lower sensory and motor function
in a large cross-sectional study [19].

The Neurobion Non-interventional (NENOIN) clinical study
reported the efficacy and safety of the commercially available fixed
dose combination (FDC) of vitamin B1 (100 mg), B6 (100 mg),
and B12 (5 mg) (Neurobion® Forte) in mild to moderate PN of
various etiologies [20-23]. The trial demonstrated that treatment
with the FDC of B vitamins was effective in reducing subjective
perception of symptoms when assessed using Total Symptom Scores
(TSS) [24], Visual Analog Scores (VAS) and improved Quality of
Life (QoL) scores [25]. The treatment was also shown to be well-
tolerated. Subgroup analysis of the trial further showed consistent
efficacy across different PN etiologies, baseline severity, age, and sex
[22]. However, the evidence for vitamin B complex efficacy when
assessed objectively is limited.

Here we present a post-hoc analysis of the neurological examination
(NE) data from the NENOIN trial. This analysis aims to investigate
the potential benefit of treatment with a FDC of vitamin B1, B6,
and B12 with respect to neurological assessments in patients with
mild to moderate PN and their nerve function.

MATERIALS AND METHODS
Study design
The NENOIN study was a prospective, open-label, non-

interventional (observational), single-arm study conducted at
8 centers across Indonesia (21). The study was performed in
accordance with the Declaration of Helsinki (1964) and received
approval from the Institutional Review Board and the National
Agency of Drug and Food Control of Indonesia (BPOM; No. PN.
01.313.3.12.15.6802, approved: 31 December 2015). The trial is
registered in the Indonesian Clinical Trial Registry (Registration
No: INA-KPAODYA). All subjects provided signed informed
consent prior to their participation.

Study participants

Subjects were patients with PN of various etiologies, including
diabetes mellitus, nutritional, alcoholic neuropathy, carpal tunnel
syndrome, idiopathic, and other etiologies. Inclusion criteria were
age >18 and <65 years and diagnosis of PN using either a Michigan
Neuropathy Screening Instrument (MNSI) score of >7, a Patient
Administered Questionnaire and Health care Professional Score
of 2.5 or a Toronto Clinical Neuropathy Score (TCNS) of >6.
Patients who visited any of the participating centers for PN or other
conditions underwent an eligibility screening. Eligible patients
were then invited to participate in the study.
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Subjects were excluded if they: 1) had clinically significant
cardiovascular, pulmonary, gastrointestinal, hematological, hepatic,
renal, or endocrine diseases (except diabetes mellitus), 2) had a
history/sign/symptoms suggestive of genetic neuropathy, or those
who underwent any gastrointestinal surgery in the last 6 months, 3)
had surgery planned during the study period, 4) had any clinically
significant or unstable medical or psychiatric condition that in
the opinion of the investigator would affect the subject’s ability
to participate in the study, or 5) had participated in other clinical
trials in the last month.

Further exclusion criteria were subjects with 1) intake of vitamin B
complex products for more than 1 week consecutively, in the last 3
months before consent, 2) known hypersensitivity to any component
of Neurobion® Forte tablet, or 3) severe neuropathy (TCNS >12
or VAS >7 for pain) who were on therapy with non-steroidal anti-
inflammatory drugs (NSAIDs), gabapentin, pregabalin, or any
other anti-inflammatory drugs. Subjects who were on any treatment
which interferes with neuropathy like methotrexate or any other
cytostatic drug treatment, were pregnant, planning to become
pregnant, or were breastfeeding were also excluded from the study.

Intervention

Eligible subjects were given tablets containing a FDC of vitamin
B1/thiamine 100 mg,
hydrochloride 100 mg, and vitamin B12/cyanocobalamin 5 mg

mononitrate vitamin B6/pyridoxal
marketed as Neurobion® Forte in Indonesia. Neurobion® Forte
is manufactured by PT Merck Tbk, Indonesia and Procter and
Gamble the Marketing Authorization Holder (MAH). One tablet
was taken once daily for 90 days. Following the baseline visit,
subjects were followed up at Day 14 + 3, Day 30 = 3, Day 60 + 3,
and Day 90 * 3. No other known additional therapies have been
performed in the subjects.

Outcome measures

In this post-hoc analysis, NE comprising 51 assessments were
conducted by a medical professional at baseline and at each follow-
up visit. Tendon reflexes were assessed using an ordinal 4-point
(absent, reduced, normal, increased) scale. Muscle strength and
sensory perception were assessed as binary scales (normal/abnormal,
present/absent). The current analysis focuses primarily on ankle
reflexes, knee reflexes, ankle muscle strength, and neurological
sensory tests (joint position, light touch, pain/temperature, and
vibration) of the fingers and toes.

TSS was reported by subjects at baseline and at every post-baseline
visit based on the frequency and intensity of stabbing pain, burning
pain, paresthesia, and numbness reported by subjects (21). The TSS
ranges from O (no symptoms) to a maximum of 14.64 points [all
symptoms are severe and (almost) continuously present].

The NENOIN study was a real-world study in which the assessment
of the endpoints was conducted by trained medical professionals at
the respective study sites.

Statistical methods

The data for each of the 51 NE assessments were descriptively
summarized in time-series plots and contingency tables to facilitate
interpretation. For analysis purposes, ordinalscaled measures
(reflexes) were assigned numeric values from 1 to 4. For NE
assessments found to have substantive changes over time, the
statistical significance of changes versus baseline were assessed with
the McNemar’s test (binary measures) and the paired-difference
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t-test (ordinal measures). Additionally, their association with the
TSS data was explored with plots of the data and the Spearman
correlation analysis. For the ordinal-scale reflex data, the association
between the change from baseline to Day 90 and baseline level
reflex was statistically assessed with contingency table analysis
and the Cochrane-Mantel-Haenszel test for ordinal responses. All
analyses were conducted with SAS 9.4 Enterprise Guide.

RESULTS
Patient characteristics

The NENOIN study screened 414 subjects, out of which 411 met
the eligibility criteria and were enrolled in the study [21]. Participant
demographics of the NENOIN study have been previously
described [21]. The mean age of the subjects was 50.9 + 8.25 years
(range: 22 to 65 years) with 72.3% (n=297) of them being female.
The most common etiologies for peripheral neuropathy were
idiopathy (n=112; 27.3%) and diabetes (n=104; 25.3%). Majority
of the subjects had peripheral neuropathy due to a combination of
etiologies (n=126).

The number of subjects with NE data at baseline, Day 14, Day 30,
Day 60, and Day 90 was 411, 402, 399, 393 and 390, respectively.
In subjects for whom NE assessments were conducted, 101,677 of
the 101,745 (99.3%) assessments were successfully completed and
recorded. Results from 30 of these 51 assessments at baseline and at
Day 90 are available in the supplementary material (Supplementary
Table 1). In 34 of the 51 NE assessments, the majority (>95%) of
subjects had favorable outcomes at most visits. Left biceps, right
biceps, left triceps, and right triceps reflexes were favorable in
approximately 80% of the subjects at baseline and showed no
significant improvement over 90 days of treatment. Analysis results
of the remaining 13 assessments: ankle tendon reflexes (left and
right), knee reflexes (left and right), ankle dorsiflexion strength (left
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and right), and 7 sensory nerve detection tests are presented below.
Improvement in ankle and knee reflexes

Statistically significant (p<0.001) improvement in ankle and knee
reflexes over the course of the 90-day treatment period was observed
(Table 1). Specifically, among subjects with absent left (n=34) and
right ankle (n=35) reflex at baseline, the majority demonstrated
improvement in their ankle reflex at Day 90 [n=23 (67.6%) and
n=19 (54.3%) of subjects, respectively]. At Day 90, none of the
subjects with reduced left (n=192) and right (n=193) reflex at
baseline had worsened reflex, and 47 (24.5%) and 48 (24.9%)
subjects had improved left and right ankle reflex, respectively.
Among subjects with normal left (n=164) and right ankle (n=161)
reflex at baseline, only 11 (6.7%) and 7 (4.4%) respectively, had

worse reflex after 90 days of treatment.

Among subjects with absent baseline left (n=15) and right knee
reflex (n=16), 14 (92.3%) and 12 (75.0%) subjects demonstrated
improvement at Day 90 respectively. Improvement was observed in
54 (31.4%) and 54 (32.1%) subjects with reduced left (n=172) and
right knee (n=168) reflex at baseline, respectively. Only 11 (5.5%)
and 10 (4.9%) subjects with normal left and right ankle reflex at
baseline, respectively had worsened at Day 90.

Muscle strength

Figure 1 shows the percentage of subjects with normal ankle
dorsiflexion strength at baseline and at follow-up visits through to
Day 90. 86% of subjects had normal ankle dorsiflexion strength
at baseline, but with daily treatment with the FDC of vitamin
B1, B6, and B12, this percentage consistently increased with each
successive visit to 97% at Day 90. This improvement is statistically
significant for both legs (p<0.001).

Table 1: Change in ankle and knee reflex status from baseline to Day 90 of treatment.

Baseline left ankle reflex Number Day 90 left ankde reflex
of Subjects Worsened No change Improved
Absent reflex 34 N/A* 11 (32.4%) 23 (67.6%)
Reduced reflex 192 0 (0%) 145 (75.5%) 47 (24.5%)
Normal reflex 164 11 (6.7%) 153 (93.3%) N/A*
Increased reflext 0 0 (0%) 0 (0%) 0 (0%)
. . Number Day 90 right ankle reflex
Baseline right ankle reflex of Subjects Worsened No change Tmproved
Absent reflex 35 N/A* 16 (45.7%) 19 (54.3%)
Reduced reflex 193 0 (0%) 145 (75.1%) 48 (24.9%)
Normal reflex 161 7 (4.4%) 154 (95.7%) N/A*
Increased reflex? 1 1 (100%) 0 (0%) 0 (0%)
. Number Day 90 left knee reflex
Baseline left knee reflex of Subjects Worsened No change Improved
Absent reflex 15 N/A* 1(6.7%) 14 (92.3%)
Reduced reflex 172 1 (0.6%) 117 (68.0%) 54 (31.4%)
Normal reflex 202 11 (5.5%) 191 (94.5%) N/A*
Increased reflex’ 1 0 (0%) 0 (0%) 1 (100%)
. . Number Day 90 right knee reflex
Baseline right knee reflex of Subjects Worsened No Change Improved
Absent reflex 16 N/A* 4(25.0%) 12 (75.0%)
Reduced reflex 168 0 (0%) 114 (67.9%) 54 (32.1%)
Normal reflex 205 10 (4.9%) 195 (95.1%) N/A*
Increased reflext 1 0 (0%) 0 (0%) 1 (100%)

Note: *N/A indicates that no improvement is possible;

For ‘Increased reflex’ at baseline, Day 90 ‘Normal’ reflex was considered ‘Improved’ and ‘Absent’ or ‘Reduced reflex’ was considered ‘Worsened’.
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Sensory perception

Figure 2 shows the percentage of subjects with positive results at
baseline and follow-up visits for the following sensory perception
assessments: joint position (right finger, Figure 2A), light touch
(left and right toe, Figure 2B), pain/temperature (left and right
toe, Figure 2C), and vibration (left and right toe, Figure 2D).
Positive sensory perception at baseline ranged from 65% to 73%
for all measures except for pain/temperature in the right toe which
was notably higher at 92%. Consistent visit-to-visit improvement
was observed in all cases, except pain/temperature in the right
toe which had a higher starting point. Left and right toe scores
improved comparably over the 90-day treatment period. The change

OPEN aACCESS Freely available online

from baseline to Day 90 was statistically significant (p<0.001) for all
7 sensory assessments.

Correlation analysis did not show significant correlation between
the number of positive sensory results and TSS at baseline (data
not shown). However, there was a statistically significant correlation
between TSS change from baseline to Day 90 and the number
of abnormal baseline sensory outcomes in the finger and toes at
baseline (r=-0.2, p<0.001, Figure 3). At one extreme, subjects with 7
abnormal baseline sensory scores had an average TSS improvement
of 4.7, whereas subjects with zero abnormal baseline sensory scores
had TSS improvement of 2.9.

100.07

97.57

95.0 7

92.57]

90.0 7

87.57

85.07

Subjects with normal
ankle dorsiflexion strength (%)

82.57

80.0

BL Day 14 Day 30

Figure 1: Improvement in muscle strength. Note: The percentage of patients with normal ankle dorsiflexion strength at baseline and on Days 14,
30, 60 and 90 of treatment, has been shown for right (#) and left (&) ankles. The improvement in the percentage of patients with normal ankle
dorsiflexion strength was statistically significant for both ankles (p<0.001). BL, baseline.
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Figure 2: Improvement in sensory perception in the toes and fingers. Note: The percentage of patients with presence of sensory perception at baseline
and on Days 14, 30, 60 and 90 of treatment, has been shown for (A) joint position sense (finger) (#); (B) light touch (toe) (# and & ); (C) pain/
temperature (toe) (# and &); and (D) vibration (toe) ( # and & ). The change from baseline to Day 90 was statistically significant (p<0.001) for all 7

T T T T T
BL Day14 Day30 Day 60 Day 90
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Figure 3: Correlation between the numbers of baseline abnormal baseline sensory outcomes with mean change in TSS. The number of abnormal
sensory outcomes in the toes and fingers at baseline have been plotted against the mean change in baseline TSS after 90 days of treatment. This
correlation was statistically significant (r=-0.2, p<0.001). BL, baseline; TSS, Total Symptom Score.

DISCUSSION

Subjects in the NENOIN study were enrolled primarily due to their
report of experiencing PN in the feet and hands. The NENOIN
study previously reported significant improvements in the primary
endpoint of TSS for PN symptoms as well as improvements in
secondary endpoints in the VAS and in QoL measurements, in
patients with PN, receiving a FDC of B vitamins [21]. The current
analysis showing significant improvements in specific neurological
assessments of the extremities, lends further evidence to the
effectiveness of this treatment in PN.

Since PN is a progressive disease which starts at the extremities,
NE findings at baseline were favorable in >95% subjects for most
assessments except those in the knees, feet and hands. Further,
since the NENOIN trial recruited patients with mild to moderate
PN, normal neurological findings at non-peripheral regions of the
body were expected. Therefore, this analysis focused on screening
for PN symptoms at the extremities. The proportion of subjects
with favorable biceps and triceps reflexes at baseline were lower at
80% but did not improve at Day 90. However, this is expected given
the subjects’ age range. As such, analysis was focused on the other
13 of the 51 assessments where a considerably high percentage
of subjects showed abnormal NE findings: Ankle dorsiflexion
strength (left and right), ankle reflexes (left and right), knee reflexes
(left and right), joint position (right finger), light touch (left and
right toe), pain/temperature (left and right toe), and vibration (left
and right toe).

The current analysis shows that 90 days of treatment with a FDC
of vitamin B1, B6, and B12 provided statistically significant
improvement in the left and right ankles and left and right knees
reflexes. This result is significant since a considerable proportion
of patients with PN experience loss of ankle or knee reflex [26]
which may contribute to loss of balance and increase their risk of
falling [27]. Among patients with absent reflex on their left ankle,
right ankle, left knee, and right knee at baseline, 67.6%, 54.3%,
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92.3%, and 75% experienced improvement respectively. The
proportion of subjects with normal ankle dorsiflexion strength
also increased significantly from 86% to 97%. The treatment also
resulted in statistically (p<0.001) significant improvements to joint
position sense in the fingers and sensory nerve perception of touch,
vibration and temperature in the toes and fingers. These results
support the finding that treatment with the FDC of B vitamins
improves proprioception in patients with PN, which has also been

associated with ankle reflex [28,29].

Further analysis demonstrated a positive correlation between TSS
improvement and the number of negative toe and finger sensory
findings at baseline. This suggests that patients with worse sensory
impairments in the feet and hands at baseline, may experience a
larger, more favorable improvement in their symptom severity after
treatment with the FDC of B vitamins. This is consistent with
previously reported findings that patients with moderate PN are
more likely to improve in TSS with this treatment than patients

with mild PN [22].

The beneficial effects observed in this study align with previous
clinical studies which demonstrated the efficacy of B vitamins
in treating PN [9,12,30]. These beneficial effects of therapy can
be attributed to different and synergistic modes of action of B
vitamins that work simultaneously for nerve regeneration, nerve
activation and myelinization [4,31]. However, there is a lack
of studies investigating the benefits of vitamin B using a more
objective measure. A randomized controlled trial of 24 diabetic
patients investigated the benefit of B vitamin combination utilizing
objective measures [13]. In agreement with our study, the trial also
showed B vitamin combination to significantly improve nerve
conduction velocity with a trend for improvement on vibration
perception threshold [13]. To the best of our knowledge, ours is the
first study that investigates the benefits of vitamin B on both neural
reflex and motor strength in a large number of patients having
varied etiologies of PN, demonstrating a potential improvement in
nerve function.
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The results reported in this analysis add stronger evidence of the
efficacy of the FDC of B vitamins, supplementing the previous
findings of the NENOIN study [20-23]. Firstly, the data reported
here are based on medical professionals assessing clinical signs of
nerve reflex and muscle strength using established NE methods.
This analysis using objective measures adds further objectivity
to the previously reported TSS data, which was based on patient
perception of symptoms (burning pain, stabbing pain, numbness,
tingling/prickling) severity and frequency. Secondly, the NE data
was collected prospectively, whereas the TSS data involved patients
reporting on their recollection of symptoms over the past 24 hours.
Recall errors associated with patientreported pain assessment is a
well-documented phenomenon [32].

The limitation of this study is the single-arm and open-label design
which introduces the risk of measurement bias. Despite this,
significant improvements were observed over the follow-up period
using NE by medical professionals, suggesting real-world benefits
of a vitamin B combination on neurological functions, in patients
with PN. While this is an uncontrolled trial where subjects were
prescribed the treatment without further intervention, compliance
was confirmed during the trial by subject inquiry at each follow-
up visit, to minimize errors in endpoint assessment due to non-
compliance.

CONCLUSION

In conclusion, a FDC of vitamin B1, B6, and B12 improved ankle
reflex, knee reflex, and motor strength (ankle dorsiflexion) after
90 days of treatment, which might be based on improved nerve
function. The treatment also led to a significant improvement in
sensory test results in the toes and finger. The benefit of treatment
in TSS was also greater in patients with more abnormal sensory
findings in the toes and finger at baseline.

Further studies on whether the benefits will be consistent across
different etiologies of PN may be beneficial.
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