(ISSN Online: 3006-1113) Full Paper

Libyan Journal of Medical and Applied Sciences

Journalhomepage: https://ljmas.com/index.php/journal/index

A REVIEW ARTICLE .
Vitamin B6 and Glucose Control: A Forgotten Role in Prediabetes Cpdates.
A Narrative Review

Hajer S. Mohammed , Mariam M. Mustafa °

2P Department of Nutrition, Faculty of Public Health, University of Benghazi, Benghazi, Libya.

Article Information Abstract

Article history:
Received on: 8/Jan/2026

Revised on: 23/Fab/2026 Prediabetes is a major global health concern that increases the risk of progression to diabetes and cardiovascular
Accepted on:1/Mar/2026 di Alth h th | : t ideli hasi trient intak d lif |
Published o 17/Mar/2026 isease. Although current hyperglycemia management guidelines emphasize macronutrient intake and lifestyle

modification, the role of micronutrients remains underrepresented. This narrative review examines the potential
contribution of vitamin B6 to glucose regulation, particularly in prediabetes. Large epidemiological studies,

L(rgglizzgtzgs' including analyses from the National Health and Nutrition Examination Survey (NHANES), report significant
vitamin BS, ’ inverse associations between vitamin B6 status and dysglycemia. At the biochemical level, pyridoxal 5-phosphate
pyridoxine, (PLP), the active form of vitamin B6, functions as a cofactor in more than 150 enzymatic reactions, acts as a
glucose control, carbonyl scavenger, and inhibits advanced glycation end-product formation, all of which are relevant to diabetes
HbAlc. pathophysiology. Vitamin B6 also has antioxidant and anti-inflammatory properties, supports beta-cell function,

and may influence intestinal glucose handling through alpha-glucosidase inhibition. Despite this mechanistic and
observational evidence, vitamin B6 remains largely overlooked in prediabetes management, and a substantial gap
persists between epidemiological findings and clinical application. This review therefore highlights vitamin B6 as a
plausible modifiable determinant of dysglycemia in prediabetes and underscores the need for rigorous, targeted
intervention trials to define its efficacy, optimal dose, and clinical relevance in prevention and management
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1. Introduction

Prediabetes is characterized by impaired glucose regulation, with blood glucose
concentrations above normal but below the diagnostic threshold for type 2 diabetes mellitus (T2DM)
[1,2]. It is a major global public health problem affecting millions of people and conferring an
increased risk of progression to diabetes and cardiovascular disease [2]. The scale of this problem
warrants continued investigation of modifiable factors and novel nutrition-based approaches [3].

Current diabetes prevention and management guidelines primarily emphasize macronutrient
composition (carbohydrate, fat, and protein) and dietary patterns such as the Mediterranean diet,
whereas micronutrients often receive less attention [4]. Some micronutrients, including zinc,
chromium, and magnesium, have received considerable attention because of their recognized roles in
glucose metabolism and insulin signaling [5,6]. By contrast, despite substantial evidence supporting a
role for vitamin B6 in short-term glucose regulation, its relevance remains underappreciated in
prediabetes.

An important NHANES analysis (2021) reported an inverse association between vitamin B6 intake
and HbAlc, with individuals in the highest B6 quintile having approximately 22% lower odds of
elevated HbAlc (>=5.7%) than those in the lowest quintile [7]. Another NHANES-based study (2005-
2008) involving 5,559 participants with diabetes found an inverse association between vitamin B6
intake and diabetic retinopathy (DR) [8]. Participants with better dietary B6 status had a 19% lower
risk of DR (OR = 0.81, 95% CI 0.69-0.95; P = 0.012) and showed lower cardiovascular and all-cause
mortality. These findings suggest that vitamin B6 may be relevant not only to glycemic markers but
also to complications and prognosis. In a laboratory model, Mascolo et al. showed that Drosophila
PI3K-induced T2DM-like phenotypes increased blood glucose, advanced glycation end products
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(AGEs), and reactive oxygen species (ROS), while reducing glycogen stores and body weight;
supplementation with pyridoxal-5-phosphate (PLP) restored these markers toward normal [9]. Despite
these findings, vitamin B6 remains largely absent from routine diabetes management discussions.

This inconsistency between strong, large-scale epidemiological evidence and limited clinical
application raises an important question: Is vitamin B6 a forgotten modifiable determinant of
hyperglycemia, particularly in prediabetes? In this narrative review, we analyze the epidemiological
evidence, summarize plausible mechanisms through which vitamin B6 may influence glucose
homeostasis, and identify major gaps in intervention trials. We aim to reposition vitamin B6 from an
overlooked micronutrient to a focused topic in prediabetes research.

2. Chemistry and Metabolic Roles

Vitamin B6 is a water-soluble vitamin with an essential role in cellular metabolism [10]. It
comprises six chemically related compounds: pyridoxine (PN), pyridoxal (PL), pyridoxamine (PM), and
their corresponding 5-prime-phosphate derivatives (PNP, PLP, and PMP), all of which share a
pyridine ring structure [11]. These vitamers differ in the substituent at the 4-prime position of the
pyridine ring Figure 1. an aminomethyl group in pyridoxamine (PM), a hydroxymethyl group in
pyridoxine (PN), or an aldehyde group in pyridoxal (PL) [10]. After phosphorylation, these derivatives
function as cofactors in multiple metabolic pathways.
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Figure 1. Vitamin B6 vitamers.

PLP, the biologically active form of vitamin B6, functions as a coenzyme in approximately 150

enzymatic reactions involved in amino acid metabolism, one-carbon metabolism, transsulfuration,
heme and polyamine synthesis, and neurotransmitter metabolism [12]. Although the exact role of
vitamin B6 in diabetes is not fully established, several mechanisms are supported by experimental
evidence. (1) Role in glucose metabolism: PLP acts as a coenzyme for enzymes involved in glucose
metabolism, including glycogen phosphorylase, which is important for glycogen utilization in the liver
and skeletal muscle [13]. (2) Reduction of DNA glycation: Individuals with diabetes and nephropathy
have shown increased DNA glycation in leukocytes [14], and 5-month supplementation with thiamine
(B1) and pyridoxine (B6) reduced DNA glycation, suggesting a potential role in limiting diabetes-
related complications [15].
(3) Regulation of Homocysteine: Vitamin B6 contributes to homocysteine metabolism, and
homocysteine levels are often elevated in people with diabetes (Figure 2). Elevated homocysteine is
associated with vascular complications, and reducing it may help lower cardiovascular risk in diabetic
individuals [16].
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Figure 2. Role of vitamin B6 in homocysteine metabolism.

3. Epidemiological Evidence: Inverse Associations and Limitations

Large cross-sectional and prospective studies from different populations have examined the direct
and indirect relationships between vitamin B6 status and glycemic control. Overall, the evidence
shows a consistent inverse association between vitamin B6 status and dysglycemia, as well as
inflammatory markers. The NHANES 1999-2018 analysis reported the strongest signal: each 1 mg
increase in dietary vitamin B6 intake was associated with a 15.2% reduction in the odds of poor
glycemic control (adjusted odds ratio [AOR] 0.848, 95% CI 0.738-0.973; P = 0.019), with an area
under the curve (AUC) of 0.977 (95% CIl 0.974-0.980). Receiver operating characteristic (ROC)
analyses also suggested that vitamin B6 outperformed the other micronutrients evaluated.
Importantly, the association showed an apparent linear dose-response pattern across intake quintiles
(1.1-2.5 mg/day), without a clear threshold [7].

The 2012 Framingham Offspring Study [17] further reported that participants in the highest versus
lowest tertile of a composite inflammatory score had a 24% lower geometric mean plasma PLP
concentration (62 vs. 80 nmol/L; P < 0.0001). These findings support PLP as an inverse marker of
inflammation and suggest that low plasma PLP in individuals with dysglycemia may contribute to
oxidative stress and worsening insulin resistance.

A 2025 epidemiological study using two-sample Mendelian randomization examined associations
between vitamins A, B6, C, and D and diabetes complications. Higher PLP was associated with an
increased risk of hypoglycemia (OR 8.54, 95% CI 1.77-41.2; P < 0.0075) [18]. This finding may reflect
enhanced insulin sensitivity or altered glucose handling, although the wide confidence interval
indicates substantial uncertainty. Earlier, the Boston Puerto Rican Health Study (2010) reported an
inverse relationship between plasma PLP quartiles (lowest: 5.5-28.3 nmol/L; highest: 65.3-737
nmol/L) and glycemic markers, including lower fasting blood glucose and HbAlc, higher HOMA-beta
(beta-cell function), and lower HOMA-IR (insulin resistance); however, not all associations reached
statistical significance [19].
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Table 1. Summary of epidemiological studies (2010 onward) evaluating vitamin B6 status and
glycemic or diabetes-related outcomes.

Study Sas?;zle Exposure Outcome Effect estimate Adjusted covariates
. Poor glycemic AOR 0.848 (95% ClI Age, sex, BMI, race,
1;;5_23‘{588[7] 41,302 D('ne]t%yaB)G control (HbAlc > 0.738-0.973) per 1 diabetes, year, diet
glday 6.5%) mg/day increase quality
~ 0, i
Framingham Plasma PLP Inflarr)mlatory r?'4r<0 IowerIPLP n Age, sex, creatinine,
offspring [17] 2,229 (nmolll) score ! prasma g estvs owes_,t folate, and B12
PLP inflammatory tertile ’
A Mendelian Diabetic
Randomization >400,000 Ple(lrs]mzlﬁ)LP complication OR 8.54 4(35;/; Chiri- aIcoAr?(?I’ Z?])é’ s?nhgkin
Study [18] (hypoglycemia) ’ ! 9
the Boston Puerto Plasma PLP FBG, HbA1lc, Inverse associations smg\lgﬁy S?nxécﬁgglt’ion
Rican Health 1,205 (nmol/ly HOMA-beta, with FBG and HbAlc; enegr], intake '
Study [19] HOMA-IR improved HOMA-beta 9y ’

homocysteine

Taken together, these findings suggest that vitamin B6 has a modest but potentially clinically
meaningful association with glycemic health. In NHANES, higher vitamin B6 intake was associated
with approximately 15% lower odds of dysglycemia, an effect size that may be important at the
population level. In the Boston Puerto Rican Health Study, higher PLP status was associated with
lower fasting glucose and HbAlc across quartiles, changes that could be relevant for risk stratification
and early glycemic deterioration. The Framingham Offspring Study adds a complementary dimension
by linking lower PLP to a higher inflammatory burden, which may be mechanistically relevant to
insulin resistance and prediabetes [17].

Although these effect sizes are smaller than those typically observed with pharmacotherapy, they may
be comparable to some lifestyle or adjunctive interventions, such as moderate physical activity,
modest weight reduction, or anti-inflammatory strategies [22,23].

Table 2. Comparative Effects of Glucose-Lowering Interventions on HbAlc and Glycemic Outcomes.

Intervention strategy Typical HbAlc reduction (%) Clinical context / evidence base
Moderate weight reduction and 1 N0 ; ;
physical activity [24] 0.5%-1.0% Diabetes prevention program
Metformin therapy [25] 1.0%-1.5% First line medication
Vitamin B6 / PLP (preliminary Approximately 0.5% (estimated Adjunct or nutritional strategy;
evidence) across limited studies) evidence remains limited
Anti-inflammatory therapies [23] 0.25%-0.63% Meta-analyzed adjunctive

approaches in T2DM

Despite these consistent inverse associations, causality cannot be established because of three
major limitations. First, residual confounding is likely [26]: vitamin B6 status is not an isolated
exposure and often reflects overall diet quality, making it difficult to separate its effect from other
dietary factors such as fiber, polyphenols, and whole grains. Second, reverse causation is plausible
[26]. For example, the Framingham Offspring findings suggest that inflammation itself may reduce
circulating PLP, implying that low B6 status may be a consequence, rather than a cause, of metabolic
dysfunction [17]. This interpretation is supported by a German study in which participants with diabetic
nephropathy had lower PLP, potentially due to microvascular damage and increased renal losses
[27]. Third, generalizability is limited because most studies were conducted in U.S. or predominantly
White populations. The relevance of these findings to Asian, African, and Hispanic populations, who
may differ in genetic variants affecting B6 metabolism (e.g., ALPL rs1256335), remains uncertain [28].

4. Possible Role in Glycemic Control: B6 Beyond a Coenzyme

The inverse association between vitamin B6 status and glycemic outcomes observed in
epidemiological studies is supported by several mechanistic pathways through which PLP may
influence glucose homeostasis.
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4.1.Carbonyl Scavenging and Antiglycation

Persistent hyperglycemia promotes the formation of advanced glycation end products (AGEs) through
nonenzymatic glycation of proteins. AGEs are linked to beta-cell dysfunction, insulin resistance, and
diabetic complications [29]. Methylglyoxal, a reactive dicarbonyl species, is a major precursor of
AGEs [30]. PLP and the vitamer pyridoxamine (PM) can act as carbonyl scavengers that trap reactive
intermediates and limit protein modification [31]. In vivo studies in streptozotocin-induced diabetic rats
showed that pyridoxamine supplementation attenuated nephropathy progression by inhibiting AGE
formation [32]. This antiglycation mechanism supports a potential role for vitamin B6 in reducing long-
term hyperglycemia-related complications.

4.2. Effects on Oxidative Stress and Inflammation

Chronic inflammation and oxidative stress are central features of insulin resistance and type 2
diabetes [33]. Several studies report inverse associations between PLP and inflammatory markers
such as C-reactive protein (CRP) and tumor necrosis factor-alpha (TNF-alpha) [34]. A randomized
trial of vitamin B6 supplementation in patients with ulcerative colitis also demonstrated a significant
reduction in CRP [35]. Potential mechanisms include the role of PLP as a coenzyme in glutathione
synthesis and its direct antioxidant activity through reactive oxygen species scavenging [36].

4.3.Pancreatic Function and Protection

PLP is a coenzyme for enzymes involved in glucose sensing and insulin secretion, supporting normal
pancreatic function [37]. Vitamin B6 deficiency has also been linked to beta-cell dysfunction, a key
feature of prediabetes and type 2 diabetes [38]. In both in vivo and in vitro streptozotocin models, PLP
supplementation improved beta-cell survival and insulin secretion while reducing free radical
production [39]. These findings support a cytoprotective role for vitamin B6 in pancreatic beta cells.

4.4.Glucose Absorption and alpha-Glucosidase

Vitamin B6 may also influence glycemic control by reducing intestinal carbohydrate digestion [40]. In a
crossover study, administration of 50 mg pyridoxine significantly reduced postprandial glucose
responses compared with control conditions, including a 13.8% reduction in peak glucose [41]. This
effect has been attributed to inhibition of intestinal alpha-glucosidase, which slows carbohydrate
digestion and absorption and therefore lowers postprandial glycemia [40]. Because postprandial
hyperglycemia is a key feature of insulin resistance [42], this mechanism is particularly relevant to
prediabetes.

4.5.PLP and HbAlc Assay Accuracy

In 2011, Behan et al. reported that chemical modifications to hemoglobin, such as carbamylation and
acetylation, may introduce error in HbAlc measurement because these changes can alter the
glucose-binding region or the epitope detected by some assay methods [43]. PLP can also form
reversible Schiff-base adducts with lysine residues on proteins, including hemoglobin, and may
therefore compete with glucose at amino-terminal binding sites [44]. This raises an important
analytical question: could higher PLP falsely lower HbAlc values in some assay methods without a
true improvement in glycemia? This possibility should be tested in future trials by using method-
specific HbAlc assays and pairing HbAlc with glucose-based endpoints such as CGM metrics and
fasting/postprandial glucose [45,46].

5. Intervention Trials

Rationale for Evaluating Vitamin B6 in Glycemic Management
Interventional evidence remains limited but suggests a possible metabolic benefit of vitamin B6. In a
double-blind, placebo-controlled trial, pyridoxine hydrochloride (80 mg/day for 8 weeks) in overweight
and obese women improved fasting insulin, HOMA-IR, adipokines, and anthropometric indices, with
favorable changes in lipid profile and body composition [48]. In an older study of gestational diabetes,
pyridoxine (100 mg/day for 2 weeks) improved glucose tolerance during intravenous glucose testing
[47]; however, the pregnancy-specific setting and limited methodological rigor restrict generalizability
to prediabetes or type 2 diabetes. Studies targeting diabetic complications have also provided

85



Hajer S. & Mariam M. Libyan Journal of Medical and Applied Sciences 4(1) (2026), 81-92

insufficient evidence for routine clinical use. Some early pyridoxamine studies suggested renal
benefits, but larger confirmatory trials are lacking, and prolonged high-dose pyridoxine may be
ineffective for nephropathy and may carry toxicity risk. Therefore, current evidence does not support
routine high-dose vitamin B6 therapy for diabetes-related complications.

Table 3. Interventional trials of vitamin B6 and glycemic control.

Study P_opulatlon / sample Intervention regimen Assessment Main findings
(year) size markers
pyridoxine as an . S
. . . . Adjunct pyridoxine was
[44] 60 patients with adjunct ther%P_y W'th FBS, HBAlc associated with reductions in
T2DM standard antidiabetic
FBS and HbAlc.
treatment.
Sinale oral dose Postprandial Reduced postprandial glucose
[41] 20 healthy adults g€ glucose, insulin excursion and insulin AUC after
pyridoxine .
AUC a single dose.
. Improved glucose tolerance
[47] 30 women with GDM ZerEZX'ne 100 tFeZtS oral glucose curve and lower fasting glucose
grday in GDM cohort.
FBS. Insulin Improved insulin resistance
44 overweight/ obese | Pyridoxine HCL 80mg ' T markers and adipokines;
(48] HOMA-IR, Leptin, ;
women / day for 8 weeks. - : favorable anthropometric
adiponectin, BMI
changes.

6. Research Priorities:

Determining the Causal Role of Vitamin B6 in Glycemic Control; To move vitamin B6 from a
neglected micronutrient to an evidence-based option in prediabetes care, hypothesis-driven research
is needed. Despite strong epidemiological signals, causality cannot be established because the
available evidence is vulnerable to reverse causation and observational bias [49, 50]. The following
framework outlines research priorities for clarifying causal pathways.

6.1. Randomized Controlled Trials Using Continuous Glucose Monitoring Endpoints

A 12-week, double-blind, placebo-controlled randomized trial enrolling adults with confirmed
prediabetes (HbAlc 5.7-6.4%) should be a priority [51,52]. A dose equivalent to 40 mg/day of
pyridoxine (as PLP equivalent) would be pharmacologically active while remaining below the Institute
of Medicine upper intake level of 100 mg/day [53]. Traditional endpoints such as HbAlc and fasting
glucose may be relatively insensitive to short-term micronutrient effects [54]. Therefore, continuous
glucose monitoring (CGM) should be used to capture dynamic glycemic responses.

1. Time in Range (TIR): The percentage of readings within the target range (70-180 mg/dl) is known
as TIR, and it is a valid indicator that has been linked to diabetes complications [55].

2. Mean Amplitude of Glycemic Excursion (MAGE): measures the daily glycemic variability, an
independent cardiovascular risk factor [56].

3. Area Under the Curve (AUC): This endpoint can test the alpha-glucosidase inhibition hypothesis
by quantifying postprandial glucose exposure [57].

6.2. Secondary Mechanistic Studies

Three mechanistic domains should be prioritized in parallel with efficacy outcomes: carbonyl
scavenging/antiglycation, inflammation, and redox homeostasis. These pathways should form the
core of secondary mechanistic analyses.

1. Antiglycation pathway: Plasma methylglyoxal and AGEs should be quantified (e.g., by liquid
chromatography) to test whether PLP supplementation produces a dose-dependent reduction in
reactive carbonyl metabolites [58].

2. Inflammation markers: Proinflammatory cytokines (including interleukin-6 and tumor necrosis
factor-alpha) and C-reactive protein should be measured, because B6 deficiency may activate
nuclear factor kappa B signaling [59].
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3. Antioxidant capacity: Erythrocyte glutathione peroxidase activity and total antioxidant capacity
should be assessed to determine whether vitamin B6 supplementation reduces oxidative stress
[60].

4. Insulin sensitivity: Peripheral insulin action should be assessed in a nested subgroup using the
hyperinsulinemic-euglycemic clamp. In addition, the Matsuda index derived from the oral glucose
tolerance test may provide a more informative estimate of insulin sensitivity than HOMA-IR [61,
62].

6.3.Individualized Nutrition and Food-Based Interventions

Responses to vitamin B6 may be modified by genetic variability affecting B6 metabolism. PLP
bioavailability and distribution can be influenced by polymorphisms in pyridoxamine 5-phosphate
oxidase and alkaline phosphatase genes [63]. Genomic stratification may therefore help distinguish
responders from non-responders.

Translation to public health practice will also require food-based interventions rather than supplement-
only trials. An isocaloric, vitamin B6-enriched dietary pattern should be tested in randomized designs,
with careful control of co-varying dietary factors such as fiber and polyphenols [64].

7. Practical Implications

Clinicians and public health practitioners should interpret current evidence on vitamin B6 cautiously.
The epidemiological associations are consistent and biologically plausible, but causality has not yet
been established in adequately powered intervention trials.

The key practical messages are:

1. Assess dietary vitamin B6 intake in individuals with poor glycemic control, especially when intake
of B6-rich foods (whole grains, legumes, poultry, and fish) appears low.

2. Encourage a food-first approach. Promoting B6-rich foods is safe and consistent with healthy
dietary patterns. For most adults, the recommended dietary allowance (RDA) is approximately
1.3-1.7 mg/day, and observational data suggest that intakes near the upper end of this range are
common among groups with better glycemic profiles [7].

3. Avoid routine high-dose supplementation or routine laboratory testing for vitamin B6 solely to
improve glycemia until stronger trial evidence is available. Long-term intakes above supplemental
needs may carry risk and should be medically supervised [18].

8. Conclusion

Consistent epidemiological evidence links better vitamin B6 status with more favorable glycemic
control and lower inflammatory burden, and several mechanisms (including roles in glycogen
metabolism, carbonyl scavenging and antiglycation, oxidative stress modulation, beta-cell protection,
and possible effects on carbohydrate digestion) support biological plausibility. However, the evidence
is not yet sufficient to infer causality because focused randomized trials in prediabetes are scarce.
Future clinical trials should clarify efficacy, dose, safety, and mechanism, and should explicitly
evaluate whether PLP interferes with HbAlc assay interpretation in a method-dependent manner.
Well-designed trials using CGM and complementary biochemical endpoints are essential to unveil the
potentially underrecognized role of vitamin B6 in prediabetes management.

In the global effort to address prediabetes, vitamin B6 may represent a safe, inexpensive adjunct to
lifestyle-based strategies; however, its role should remain hypothesis-driven until confirmed by high-
quality randomized trials.
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