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ABSTRACT

Obesity has reached epidemic proportions globally. Among several methods for treating
obesity, the use of dietary supplements is common recently. One supplement that can help
in this regard might be vitamin B6 in high doses. The objective of this study was to evaluate
the effect of pyridoxine hydrochloride supplementation on anthropometric indices, body
composition, visceral adiposity index (VAI), and metabolic status in obese and overweight
women. In this randomized controlled clinical trial, 44 obese and overweight women

aged 18-50 years were selected and divided randomly into 2 groups: an intervention group
(receiving 80 mg pyridoxine hydrochloride supplement for 8 weeks) and a control group
(receiving placebo for 8 weeks). In the pyridoxine hydrochloride group, weight (p = 0.03),
body mass index (p = 0.023), fat mass (p = 0.003), waist circumference (p = 0.005), VAI

(p =0.001), fasting insulin, insulin resistance (homeostasis model assessment of insulin
resistance; HOMA-IR), total cholesterol, low-density lipoprotein, triglycerides (TG) and
leptin (p < 0.001) decreased whereas adiponectin (p < 0.001) increased in comparison to the
baseline values. There was a significant difference in fat mass, VAI, fasting insulin, HOMA-
IR, and TG between pyridoxine hydrochloride and control groups following intervention
in adjusted models (p < 0.05). The findings suggest that vitamin B6 supplementation may
be effective in reducing BMI and improving body composition and biochemical factors
associated with obesity.

Trial Registration: Iranian Registry of Clinical Trials Identifier: IRCT20181002041206N1
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Abnormal or excessive fat accumulation in the body is defined as overweight and obesity,
which may affect health status. In 2016, more than 1.9 billion adults aged 18 years and

older were overweight worldwide. Of these over 650 million adults were obese [1]. Genetic
factors, sedentary lifestyle, mild inflammation in the body, the consumption of certain
medications, some diseases, the imbalance between calorie intake and calories expenditure,
sleep deprivation, or stress are all known factors associated with obesity [2]. Obesity is
related to chronic diseases, such as cardiovascular disease, diabetes, hypertension, stroke,
musculoskeletal disorders, and some cancers [1,3]. There are several strategies for weight
loss including adequate physical activity, weight loss medications, and various types of
obesity surgery [4]. Since drug therapy and surgeries are accompanied by various side effects,
using natural or synthetic dietary supplements has attracted the attention of researchers.

Vitamin B6 is one of the water-soluble vitamins. There are three forms of vitamin B6:
pyridoxamine (PM), pyridoxal, and pyridoxine [5]. The deficiency of this vitamin is rare because
it is abundant in food sources, such as meat, whole grains, vegetables, and nuts. Besides dietary
sources, the gut microbiota is an important source of vitamin B6 production in the colon [6].
Vitamin B6 acts as an important coenzyme in various reactions in the body, including the
metabolism of amino acids, glucose release from glycogen, modulation and regulation of
steroid hormone receptors, tryptophan conversion to niacin, and biosynthesis of sphingolipids
[6]. It also plays a role in the biosynthesis of dopamine, serotonin, and gamma-aminobutyric
acid neurotransmitters that regulate various functions like blood pressure, mental state,
depression, and appetite [7-9]. In some studies, the effects of pyridoxine on calcium ion
signaling have been observed that increases lipolysis and decreases fatty acid synthesis [10-12].
In some studies, it has also been shown to decrease insulin resistance [13-16] and to improve
lipid profile [13,17-19]. The antioxidant [20] and anti-inflammatory [15] effects of this vitamin
are also seen. The effect of different forms of vitamin B6 administration in mice has been
shown to significantly decrease body and adipose tissue weight [21], fasting blood glucose
[13,22], liver triglycerides (TG) and cholesterol levels and hepatic lipid accumulation [13],
fasting insulin levels and increase insulin sensitivity [3,14] in previous studies.

Since the effect of oral pyridoxine hydrochloride (vitamin B6) supplementation on weight
loss in obese and overweight subjects has not been studied, the current study was aimed

to evaluate the effect of oral pyridoxine hydrochloride supplement on anthropometric
measurements, body composition, visceral adiposity index (VAI), glycemic and lipidemic risk
factors and serum levels of leptin and adiponectin in obese and overweight women.

Participants

This randomized, double-blind, placebo-controlled clinical trial was approved by the

Ethics Committee of Ahvaz Jundishapur University of Medical Sciences (reference number:
ir.ajums.rec.1397.523) and registered in the registration center for clinical trials in Iran

(code: IRCT20181002041206N1). Patients were recruited from Jundishapur University of
Medical Science, in Ahvaz, Iran, in 2019. Initial anthropometric measurements, including
weight, height, waist circumference (WC), and waist-to-hip circumference ratio (WHR),
were recorded. Inclusion criteria were age range of 18-50 years, body mass index (BMI) equal
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to or higher than 25 kg/m?, and patient satisfaction. Exclusion criteria included pregnancy;
lactation; menopause; smoking; alcohol and drug abuse; participation in exercise or weight
reduction programs; medications known to affect weight in the past 6 months; history or
presence of other diseases such as diabetes, cardiovascular diseases, hypertension, and
infection; other inflammatory disorders; liver and kidney disorders; steroids or hormonal
drugs; and the consumption of vitamins and minerals in the past 6 months. According

to the study conducted by Zemel and Bruckbauer [23] on insulin levels and considering

the confidence interval of 95% and power of 90%, the sample size was estimated to be 18
participants in each group. However, considering a 20% probable withdrawal, 22 participants
were enrolled into each group. After explaining the projects, we requested each patient to
complete the consent form.

Study design

The participants were randomly allocated into 2 groups to take either 80 mg/day pyridoxine
hydrochloride supplement (2 x 40 mg tablets) or placebo (2 x starch tablets) for 8 weeks.
Enrolled patients were divided into 2 groups by randomized block allocation using a random
number table. Randomization and allocated number to each group were performed by an
independent consultant statistician. Pyridoxine hydrochloride supplements were purchased
from the pharmacy and placebo tablets were manufactured by Pharmaceutical Incubator,
Jundishapur University of Medical Science (Ahvaz, Iran). Based on randomized block
allocation, pyridoxine hydrochloride and placebo tablets were distributed to the persons by
research assistants who were not aware of group allocation. Data collectors, interviewers,
and principal investigators were not aware of the patient allocation during the intervention
period. The patient recruitment flowchart for this clinical trial is presented in Figure 1.

At the first visit, all tablets were given to the participants, and they were asked to take 2
tablets per day. To enhance compliance with the study, short messages were sent to all
participants' cell phones every day to remind them about taking the tablets and phone calls

m Assessed for eligibility (n = 180)

Excluded (n =136)
- Not meeting inclusion criteria (n = 112)
- Declined to participate (n = 24)

Randomized (n = 44)

Allocation
Received pyridoxine hydrochloride

supplement (n = 29) Received placebo (n = 22)

Lost to follow-up (n = 2)
- Discontinued intervention:
use of other supplement (n = 2)

Lost to follow-up (n =2)
- Discontinued intervention:
operation (n =1), migration (n =1)

Analysis
Analysed (n = 20) Analysed (n = 20)

Figure 1. Flowchart of participant recruitment for the clinical trial of pyridoxine hydrochloride supplementation in
obese and overweight women.
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were made to people every 2 weeks. Biochemical, anthropometric, and nutritional factors
were evaluated only at the beginning and end of the study. The degree of compliance for each
patient was determined according to the amount of the returned pills. In the case that the
patients consumed less than 90% of the tablets, they were excluded from the study.

Dietary assessment and anthropometric measurement

The diet was recorded before and at the end of the study by using a 3-day food recall,
including one weekend day and two weekdays, to assess their total energy and macronutrient
intake. We asked participants not to change their level of physical activity during the

study. An International Physical Activity Questionnaire (IPAQ) was used to assess physical
activity. Data from the IPAQ were converted to metabolic equivalent (MET)-minutes/week

by using the existing guidelines [24]. Demographic information and medical history were
recorded for each participant, and anthropometric measurements including weight and
height were recorded, and the BMI (kg/m?) was calculated. The height was measured using

a non-stretchable tape to the nearest 0.5 cm while standing barefoot with heels sticking to
the wall, head straightened, and eyes looking forward. The weight and body composition
were measured with minimum clothing by using a BF511-Omron body composition monitor
(OMRON Healthcare Co., Ltd., Kyoto, Japan). Subsequently, the BMI was calculated using the
formulae BMI = weight in kilograms divided by the square of the height in meters.

Biochemical analysis

At the beginning and the end of the study, blood samples were collected from all participants
after 12-14 hours of overnight fasting. Serum samples were prepared and stored at =70°C
until used for biochemical testing. The parameters were fasting blood sugar (FBS),

total cholesterol, low-density lipoprotein (LDL) - and high-density lipoprotein (HDL) -
cholesterol, TG, serum insulin, leptin, and adiponectin. Serum glucose, TG, and total and
HDL cholesterol were measured using the enzymatic method. LDL was calculated using

the Friedewald formula = Total cholesterol - (HDL + TG/5) [26]. VA, suggestec} asa vaqilsd2
indicator of visceral fat performance, was determined by Ggzg a0 xamn * Gar * Gpr-0
[25]. Serum insulin was measured using an enzyme-linked immune sorbent assay (ELISA)
test kit (DiaPlus, North York, ON, Canada), and the HOMA-IR was calculated using the
following formula: Fasting plasma glucose (mmol/L) x Fasting insulin (uU/mL)/22.5 [27].
Serum leptin was measured using a leptin ELISA test kit (Diagnostics Biochem Canada Inc,
London, ON, Canada). For quantitatively detecting human adiponectin in samples, we used
a human adiponectin ELISA test kit (Boster Biological Technology, Pleasanton, CA, USA). To
prevent possible hormonal changes, none of the samples were in the menstrual cycle on the
day of blood sampling.

Statistical analysis

The normality of all variables was checked using the Kolmogorov-Smirnov test. For normal
distribution variables, independent sample t-test and paired sample t-test were used to compare
parameters at the beginning and the end of the study between and within groups, respectively.
Mann-Whitney U test and Wilcoxon signed-rank test as nonparametric alternatives were
applied to compare sample parameters between and within groups, respectively. Patients'
medications were compared between the 2 groups and were evaluated by the ? test. To control
confounding variables, including baseline values, age, baseline BMI, physical activity, and
baseline calorie intake, analysis of covariance was used. The data were expressed as mean =+
standard deviation. All statistical analyses were performed using the SPSS software (version 22;
SPSS Inc., Chicago, IL, USA), and p < 0.05 was considered to be statistically significant.
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RESULTS

Demographic and anthropometric characteristics of the participants at the baseline and the
end of the study have been presented in Table 1. The results of this information show no
significant differences between the two groups at the beginning of the study (p > 0.05). There
were no significant changes in BMI, weight, muscle mass, WC, WHR, VAL, and physical

Table 1. Demographic and anthropometric characteristics of the study population

Variable Pyridoxine hydrochloride group (n = 20) Placebo group (n = 20) p*
Age (year) 33.86 +9.86 30.90 +12.32 0.34
Height (cm) 159.04 + 5.97 160.02 + 5.09 0.72
Weight (kg)
Week O 75.95 £ 11.64 77.22 + 8.00 0.37
Week 8 74.88 +11.41 77.55 + 813 0.33
Mean difference 1.07 +1.88 -0.33 £1.50
pt 0.03 0.34
BMI (kg/m?)
Week O 30.04 £ 4.52 30.20 + 3.20 0.42
Week 8 29.61+ 4.43 34.63 +13.57 0.09
Mean difference 0.43+0.75 -4.42 +13.97
pt 0.023 0.081
Fat mass (kg)
Week O 33.96 £ 9.1 35.51+5.99 0.13
Week 8 32.75 £ 8.32 36.22 = 5.87 0.02
Mean difference 1.22 +1.90 -0.7 £2.01
pt 0.003 0.223
Muscle mass (kg)
Week O 18.09 + 2.16 17.76 £ 2.35 0.39
Week 8 18.26 +2.28 17.61+2.14 0.15
Mean difference -0.16 + 0.67 0.14 +1.12
pt 0.291 0.733
Fat mass/muscle mass
Week O 1.87 £ 0.42 2.02 £ 0.36 0.133
Week 8 1.79 + 0.37 2.06 £ 0.32 0.005
Mean difference 0.084 = 0.3 -0.045 + 0.16
pt 0.005 0.709
WC (cm)
Week O 98.36 = 21.88 94.59 + 5.89 1.000
Week 8 96.91 + 21.86 95.09 + 6.09 0.46
Mean difference 1.44 £ 2.06 -0.50 +1.13
pt 0.005 0.065
WHR (cm)
Week O 0.90 £ 0.16 0.86 £ 0.06 0.69
Week 8 0.89 £ 0.16 0.86 + 0.06 0.92
Mean difference 0.005 + 0.01 -0.003 + 0.008
pt 0.073 0.145
VAI
Week O 3.87 £2.19 412 £1.86 0.25
Week 8 3.25 +1.72 3.89 +1.79 01
Mean difference 0.62 + 0.78 0.225 + 0.776
pt 0.001 0.223
Physical activity (MET of task-min/wk)
Week O 2,096 £12.44 2,096 +14.34 0.90
Week 8 2,102 + 23.24 2,094 +15.22 0.24
Mean difference -5.72 + 95.95 2.72 +11.95
pt 0.34 0.39

Values are presented as mean = standard deviation.

BMI, body mass index; WC, waist circumference; WHR, waist-to-hip circumference ratio; VAI, visceral adiposity index; MET, metabolic equivalent.

*p values are between-group comparison of the variables; independent sample t-test (for age, height, weight, and BMI) and Mann-Whitney U test (for other variables);
Tp values are within-group comparison of the variables; paired sample t-test (for age, height, weight, and BMI) and Wilcoxon signed-rank test (for other variables).
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activity in the subjects after consuming pyridoxine hydrochloride and placebo. At the end
of the study, we just observed a significant difference in fat mass changes (p = 0.02). In the
intervention group, weight (p = 0.03), BMI (p = 0.023), fat mass (p = 0.003), WC (p = 0.005)
and VAI (p = 0.001) decreased significantly after 8 weeks. The placebo group showed no
significant change after eight weeks (p > 0.05).

Table 2 shows dietary macronutrient and vitamin B6 intake in 2 groups. No significant
change was observed in these variables between two groups at baseline and the end of the
study (p > 0.05).

Table 3 shows the biochemical indices at the beginning and the end of the study in the two
groups. There was no significant difference in FBS, fasting insulin, HOMA-IR, and lipid
profile (TG, total cholesterol, LDL-, HDL- cholesterol) between the 2 groups at baseline (p

> 0.05). At the end of the study, we observed a significant difference in fasting insulin (p <
0.001), HOMA-IR (p < 0.001), total cholesterol (p = 0.006), LDL-cholesterol (p = 0.03), and
TG (p = 0.009) between the 2 groups. This result remained significant for fasting insulin (p
<0.001), HOMA-IR (p < 0.001), and TG (p = 0.02) after adjustment for weight, BMI, energy
intake, and physical activity levels. In the post-intervention, fasting insulin (p < 0.001),
HOMA-IR (p < 0.001), total cholesterol (p < 0.001), LDL-cholesterol (p < 0.001), and TG

(p <0.001). and leptin (p < 0.001) decreased significantly in the intervention group. Also,
adiponectin (p < 0.001) increased significantly after 8 weeks of vitamin B6 supplementation.
The placebo group showed no significant change after 8 weeks (p > 0.05).

Table 4 shows leptin, and adiponectin levels at the beginning and the end of the study in

the 2 groups. There was no significant difference in leptin, and adiponectin between the 2
groups at baseline (p > 0.05). At the end of the study, the serum adiponectin levels in the
intervention group were higher than the control group. Of course, this difference has been
marginally significant (p = 0.05). However, in the adjusted model, there was no statistically
significant difference in serum adiponectin levels at the end of the study (p > 0.05). The results
did not show a significant difference in serum leptin levels between the 2 groups at the end of
the study (p = 0.18). In the post-intervention, leptin (p < 0.001) decreased significantly and,
adiponectin (p < 0.001) increased significantly after 8 weeks of vitamin B6 supplementation.
The placebo group showed no significant change after eight weeks (p > 0.05).

Side effects
There was not any report of complication or side effect due to intake of pyridoxine
hydrochloride supplement by the participants during the study.

To the best of our knowledge, this is the first randomized, double-blinded, controlled
clinical trial to evaluate the effects of 80 mg/day pyridoxine hydrochloride supplement on
anthropometric measurements, body composition, VAI, glycemic and lipidemic risk factors,
and serum levels of leptin and adiponectin in obese and overweight women. The current
recommended daily amount (RDA) for B6 is 1.6 mg for Iranian adults over 19 [28]. No
adverse effects have been seen from the consumption of B6 food sources. Although some
studies have shown severe sensory neuropathy due to treatment with 2—6 g/day pyridoxine
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Table 2. Dietary intake at the baseline and end of the study in 2 groups

Variable Pyridoxine hydrochloride group (n = 20) Placebo group (n = 20) p*

Energy (kcal)
Week O 1,709 =150 1,708 =187 0.98
Week 8 1,678 + 246 1,758 += 202 0.29
Mean difference 30.72 +152.93 -49.72 +124.85
pt 0.21 0.49

Protein (percent of energy)
Week O 18 £2.31 17 +1.88 0.64
Week 8 18 £1.98 17 £2.02 0.06
Mean difference -0.20 +2.78 0.59 +2.81
pt 0.72 0.06

Carbohydrate (percent of energy)
Week O 53 £2.51 53+£2.63 0.69
Week 8 54 +92.29 53+2.12 0.18
Mean difference -0.69 + 3.08 0.96 +3.59
pt 0.65 0.24

Fat (percent of energy)
Week O 28 + 2.71 28 + 2.46 0.43
Week 8 27 +3.15 29 +3.35 0.16
Mean difference 0.27 + 5.1 -0.56 + 4.75
pt 0.60 0.38

SFA (g)
Week O 13 +1.54 12 +1.61 0.10
Week 8 12 +1.55 13+1.43 0.07
Mean difference 1.11+1.80 -0.80 +1.81
pt 0.38 0.41

MUFA (g)
Week O 13 +£1.59 13 +£1.27 0.52
Week 8 14 +1.67 12 +1.32 0.06
Mean difference -0.036 +1.23 0.42 +1.18
pt 0.17 0.09

PUFA (g)
Week O 15+1.36 14 +1.72 0.82
Week 8 18 £1.74 16 +1.31 0.63
Mean difference -3.02 +£1.15 -1.92 +1.83
pt 0.82 0.91

Cholesterol (g)
Week O 133 £15.12 125 £ 11.74 0.06
Week 8 122 +9.99 121 £15.38 0.51
Mean difference 10.95 +17.13 3.63 +14.42
pt 0.09 0.17

Fiber (g)
Week O 10.39 £ 2.16 11.01 £ 1.92 0.63
Week 8 10.25 +2.05 10.27 £ 2.06 0.81
Mean difference 0.14 +1.38 0.42 +2.56
pf 0.49 013

Vitamin B6 (mg)
Week O 1.87 = 0.72 1.90 + 0.46 0.65
Week 8 1.89 £ 0.48 2.21 + 0.46 0.06
Mean difference -0.02 + 0.65 -0.30 = 0.60
pt 0.46 0.14

Values are presented as mean + standard deviation.
SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid.

*p values are between-group comparison of the variables; independent sample t-test (for energy and carbohydrate) and Mann-Whitney U test (for other variables);
p values are within-group comparison of the variables; paired sample t-test (for energy and carbohydrate) and Wilcoxon signed-rank test (for other variables).

hydrochloride [29]. The amount of upper limit for this vitamin is 100 mg/day [30]. Results of
the present study showed that 8-week consumption of pyridoxine hydrochloride reduced BMI
and improved body composition compared with the placebo.
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Table 3. Effect of pyridoxine hydrochloride supplement on FBS, fasting insulin and lipid profile in the study population

Variable Pyridoxine hydrochloride group (n = 20) Placebo group (n = 20) p* p'

FBS (mg/dL)
Week O 82.09 + 6.76 85.40 + 8.56 0.23 0.47
Week 8 83.22 + 4.91 87.54 +9.70 0.06 0.43
Mean difference -113 £7.38 -2.13+5.33
p* 0.78 0.39

Fasting insulin (u/mL)
Week O 11.73 £1.30 12.15 +1.23 0.31 0.65
Week 8 10.28 £1.03 12.20 £1.23 0.000 0.000
Mean difference 1.45 +1.14 -0.05 +1.25
pt 0.000 0.728

HOMA-IR
Week O 2.34 £ 0.29 2.53+0.40 0.07 0.31
Week 8 1.92 + 0.20 2.60 += 0.40 0.000 0.000
Mean difference 0.42 + 0.22 -0.07 + 0.33
pt 0.000 0.91

Total cholesterol (mg/dL)
Week O 161.59 + 21.83 166.63 + 26.48 0.664 0.939
Week 8 148.90 +18.45 167.50 + 24.16 0.006 0.066
Mean difference 12.68 + 8.39 -0.86 +12.51
pt 0.000 0.643

LDL cholesterol (mg/dL)
Week O 97.09 +19.41 100.63 * 22.51 0.54 0.97
Week 8 85.78 +17.49 98.73 +22.24 0.03 0.28
Mean difference 11.30 + 8.45 1.90 +9.01
p* 0.000 0.355

HDL cholesterol (mg/dL)
Week O 47.09 + 6.05 46.50 +7.37 0.35 0.64
Week 8 47.95 + 6.55 47.86 = 7.51 0.78 0.82
Mean difference -0.86 + 5.30 -1.36 + 3.57
p* 0.63 0.17

TG (mg/dL)
Week O 87.04 £ 36.01 97.50 + 36.35 0.47 0.69
Week 8 75.86 = 32.44 97.68 + 30.25 0.009 0.02
Mean difference 11.18 £10.21 -0.18 +16.33
pt 0.000 0.559

Values are presented as mean =+ standard deviation.

FBS, fasting blood sugar; HOMA-IR, homeostasis model assessment of insulin resistance; LDL, low-density lipoprotein; HDL, high-density lipoprotein; TG,
triglyceride; BMI, body mass index.

*p values are between-group comparison of the variables; independent sample t-test (for FBS, HDL cholesterol, and TG) and Mann-Whitney U test (for other
variables); Tp values are between-group comparison of the variables at baseline and after the intervention; analysis of covariance in the adjusted models
(adjusted for weight, BMI, dietary intake of energy, and physical activity); *p values are within-group comparison of the variables; paired sample t-test (for FBS,
HDL cholesterol, and TG) and Wilcoxon signed-rank test (for other variables).

Table 4. Effect of pyridoxine hydrochloride supplement on leptin and adiponectin pre and post the intervention

Variable Pyridoxine hydrochloride group (n = 20) Placebo group (n = 20) p* p'
Leptin (ng/mL)
Week O 31.25 + 6.62 28.75 + 4.35 0.13 0.16
Week 8 25.66 + 6.12 27.64 + 4.85 0.18 0.23
Mean difference 5.59 +4.47 1.11£2.70
p* 0.000 0.094
Adiponectin (pg/mL)
Week O 7.40 = 0.79 7.64 + 0.77 0.41 0.09
Week 8 8.32 £1.09 7.66 £1.17 0.05 on
Mean difference -0.91+0.86 -0.027 +1.23
p* 0.000 0.970

Values are presented as mean =+ standard deviation.

*p values are between-group comparison of the variables; Mann-Whitney U test; Tp values are between-group comparison of the variables at baseline and after
the intervention; analysis of covariance in the adjusted models (adjusted for weight, BMI, dietary intake of energy, and physical activity); *p values are within-
group comparison of the variables; Wilcoxon signed-rank test.
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In some studies, the effects of pyridoxine on calcium ion signaling have been observed that
increases lipolysis and decreases fatty acid synthesis [10-12]. Zemel and Bruckbauer [23]
studied the effects of leucine and pyridoxine-containing nutraceutical on body weight and
composition in obese subjects. They recently demonstrated leucine to modulate energy
partitioning between adipose tissue and muscle. Further, leucine exhibits synergy with B6,
resulting in reduced adipocyte lipid storage coupled with increased muscle fat oxidation

and insulin sensitivity, and reduced oxidative and inflammatory stress [15]. They found

that this nutraceutical combination improves oxidative capacity and thereby significantly
augments weight and fat loss [23]. Pyridoxal phosphate inhibits adipocyte Ca*" influx in vitro,
resulting in significant decreases in adipocyte fatty acid synthase expression and activity and
corresponding reductions in adipocyte TG content [15] because Ca®* signaling coordinately
stimulates fatty acid synthase activity and inhibits lipolysis in adipocytes [31-35].

Our results showed that pyridoxine hydrochloride had beneficial effects on lipid profile.
Similar effect of vitamin B6 has been shown in previous studies [17-19]. Pyridoxine
supplementation decreased plasma total cholesterol, HDL-cholesterol, and TG; and
increased LDL-cholesterol [17]. Also, vitamin B6 supplementation was associated with a
significant reduction in total cholesterol and HDL-cholesterol [18]. We observed a significant
reduction in fasting insulin and HOMA-IR. In some studies, it has also been shown to
decrease fasting blood glucose [13,22] and insulin resistance [13-16]. Unoki-Kubota et al. [14]
examined pyridoxamine supplementation, an inhibitor of advanced glycation end products
(AGE) formation could ameliorate insulin resistance in obese mice with type 2 diabetes. In
this study administration of pyridoxamine decreased fasting insulin levels and improved
insulin sensitivity in mice [14]. Spellacy et al. [16] in 1976 investigated the role of vitamin B6
(pyridoxine) treatment in women with gestational diabetes. This study demonstrated that one
group treated with vitamin B6 resulted in an improvement in glucose tolerance and reduced
plasma insulin [16]. In 2009, Hagiwara et al. conducted a study to investigate the effects of
pyridoxamine on glucose intolerance and obesity in mice. It showed that the antioxidative
effect of pyridoxamine is associated with improvement of glucose intolerance and obesity in
mice fed a high-fat diet (HFD). They said that pyridoxamine may be useful in the treatment
of obesity-associated metabolic syndrome [21]. Moreover, they recently demonstrated the
effect of pyridoxamine, an AGE inhibitor, on the improvement of glucose intolerance in type
2 diabetes mellitus mice [36]. In our study, serum level of leptin decreased, and adiponectin
increased significantly in the pyridoxine hydrochloride group. Maessen et al. [37] reported
that PM intervention prevents body weight gain, improves metabolic characteristics (fasting
plasma glucose, cholesterol, insulin, and leptin levels), prevents mild vascular dysfunction,
and reduces the lipid content of the liver in HFD-induced obese mice. Altogether, these
findings highlight the potential of PM to serve as an intervention strategy in obesity [37].

The possible mechanism of action of pyridoxine hydrochloride on anthropometric

indices and visceral fat index can be stated that pyridoxine may be useful in regulating
adipocytokines levels and can improve obesity by increasing fat oxidation in skeletal muscle
[21]. Pyridoxine can also stimulate the production of serotonin and cause weight loss [22].
Regarding the possible mechanism of the effects of pyridoxine hydrochloride on metabolic
factors, several effects are suggested:

Studies on the possible effects of pyridoxamine as an inhibitor of the formation of AGEs

and oxidative stress on improving glucose tolerance and insulin resistance in diabetic rats
have been reported [14,21,38,39]. AGEs accumulate in the adipose tissue of obese people,
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causing insulin dysfunction in fat cells and skeletal muscle. There is considerable evidence
that hyperglycemia eventually leads to the production of reactive oxygen species (ROS) and
oxidative stress in various tissues, which in turn can lead to insulin resistance. Activation of
nicotinamide adenine dinucleotide phosphate oxidase (NADPH) by inflammatory cytokines
also causes the production of other active molecules including superoxide, and hydrogen
peroxide [38,39]. Prolonged activation of stress-sensitive signaling pathways by active
molecules induces insulin resistance and impairs insulin secretion [40,41]. Pyridoxamine
decreases levels of hydrogen peroxide, serum levels of AGEs and NADPH expression, as well
as increases the expression of antioxidant enzymes and improves adipocyte levels of adipose
tissue. On the other hand, it improves the activity of protein kinase B (an important cellular
molecule in the insulin signaling pathway and is required for glucose transport) and replaces
GLUT4 (an insulin-dependent glucose transporter) in skeletal muscle [42]. Previous studies
have shown that leucine stimulates Sirtuin 1 pathways, resulting in increased mitochondrial
function and increased fat metabolism in muscle and fat cells [43,44]. Studies show that a
combination of leucine and vitamin B6 than leucine alone improves the oxidative capacity
of cells by increasing the expression of adipocyte 5' adenosine monophosphate-activated
protein kinase and peroxisome proliferator-activated receptor gamma coactivator 1 protein
and increasing mitochondrial function, which leads to increased fatty acid oxidation in
muscle and fat cells [23].

The exact mechanism by which vitamin B6 alters lipid profiles is unclear. Vitamin B6

is known to play a role in the desaturation and elongation of fatty acids, methylation of
phospholipids, and mobilization of unsaturated fatty acids from TG to phospholipids.
Increased delta-desaturase activity reportedly stimulates prostaglandin E1 synthesis, which
in turn inhibits cholesterol biosynthesis and subsequently modifies cholesterol levels [45,46].
Moreover, glycosylated LDL cholesterol has diminished ability to be bound and degraded,
and thus the inhibition of LDL cholesterol glycosylation by pyridoxal phosphate would
enhance the catabolism of LDL cholesterol [47].

AGEs accumulated in the adipose tissue of obese individuals, in addition to causing insulin
resistance, impair the expression of adipokines, including interleukin-6 and adiponectin
[48-50]. We believe that inhibition of the formation of these products by pyridoxine
hydrochloride can improve serum adipokine levels [37].

The design of the study, inclusion and exclusion criteria, controlling for covariates, and
repeated assessment of dietary components are amongst the strengths of this study. The
randomization method distributes fairly the unknown confounding factors between the
intervention and control groups. We also used the double-blind method to minimize
selection and information biases. The limitation of the present study was that only one
dosage of pyridoxine hydrochloride supplement was used. Further studies with larger sample
sizes, longer duration, and different dosages of pyridoxine hydrochloride are recommended.

This study demonstrated that 8-week supplementation with pyridoxine hydrochloride can
reduce BMI and improve body composition and biochemical factors associated with obesity.
Pyridoxine hydrochloride may have protective effects against overweight and obesity.
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