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Background: Biotin is a water-soluble vitamin acting as a covalently bound
coenzyme in regulating energy production. Previous studies have reported that
biotin supplementation may influence blood glucose and lipid level in patients
with type 2 diabetes mellitus (T2DM).

Methods: We searched Pubmed, Embase, and Cochrane library databases up
to 8th August 2022 for studies examining the effects of biotin supplementation
in T2DM patients. Pooled effects were measured by weighted mean differences
(WMDs) with 95% confidence intervals (Cl) using random effects models.
Inter-study heterogeneity was assessed and quantified.

Results: A total of five random controlled trials (RCT), involving 445
participants were included. It was suggested that biotin supplementation for
28 to 90 days significantly decreased the level of fasting blood glucose (FBG)
(MD: —=1.21 mmol/L, 95% CI: —2.73 to 0.31), total cholesterol (TC) (MD: —0.22
mmol/L, 95% Cl: —0.25 to —0.19) and triglycerides (TG) (MD: —0.59 mmol/L,
95% Cl: —1.21 to 0.03). No significant beneficial effects were observed on
insulin (MD: 1.88 pmol/L 95% Cl: —13.44 to 17.21). Evidence for the impact
of biotin supplementation on the levels of glycated hemoglobin (HbAlc), low-
density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol
(HDL-C) and very low-density lipoprotein cholesterol (VLDL-C) was limited to
draw conclusion.

Conclusions: Biotin supplementation may decrease FBG, TC and TG levels.
However, its influence on insulin is not significant and further studies on the
effects of biotin on HbAlc, LDL-C, HDL-C and VLDL-C are expected.

biotin, vitamin B, glycemic control, lipid profile, T2DM
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Introduction

Diabetes mellitus is a global health problem with a
prevalence of 11.3% and is projected to rise continuously (1).
According to the World Health Organization, 422 million people
worldwide are suffering from diabetes and 1.5 million deaths
are directly attributed to diabetes every year. Type 2 diabetes
mellitus (T2DM) is the most common type of diabetes and
usually results in macro- and micro-vascular complications and
comorbidities in the body, such as diabetic retinopathy (DR),
diabetic foot, and diabetic kidney disease (DKD) (2). These
chronic complications have caused severe adverse impact on
the quality of life of human beings. Therefore, the prevention
and management of T2DM is of vital importance to alleviate its
disease burden.

Dietary vitamin supplementation is an easy and economic
strategy for both pre-diabetic and diabetic patients to help
control glucose and lipid metabolism. Vitamins are generally
classified as fat-soluble and water-soluble. Various studies have
systematically evaluated the effects of fat-soluble vitamins in
lowering the risk of T2DM and improving glycemic indices,
such as vitamin A (3), vitamin D (4-7), vitamin E (8)
and vitamin K (9). Specifically, vitamin D supplementation
has been proved to significantly ameliorate status of fasting
blood glucose (FBG), homeostatic model assessment of insulin
resistance (HOMA-IR), and glycated hemoglobin (HbAlc)
(10). Similarly, the role of water-soluble vitamins is also
important in maintaining energy metabolism. For example,
vitamin BI (thiamine) is a co-enzyme for several enzymes,
including transketolase which is essential in the non-oxidative
branch of the pentose phosphate pathway (PPP) (11). Many
diabetic patients have been shown to have thiamine deficiency
and lower blood thiamine pyrophosphate concentrations were
associated with higher risk of DR (12). Moreover, vitamin
B12 deficiency, usually caused by prolonged use of metformin,
could result in severe oxidative stress and peripheral neuropathy
(13, 14). As frequent urination and excessive thirst are two
of the main symptoms of T2DM patients, it is unknown
whether water soluble vitamins would be lost along with
the extra urine discharge, thereby exacerbate the water-
soluble vitamin deficiency in T2DM patients. Therefore, the
study of individual water-soluble vitamin supplementation
is necessary to determine their blood status and effects on
T2DM patients.

Biotin, or vitamin B7, is a water-soluble vitamin that acts as
a prosthetic group of carboxylases (15). It serves as the essential
cofactor for the 6 biotin-dependent carboxylases: acetyl-
CoA carboxylase (ACC), geranyl-CoA carboxylase (GCC), 3-
methylcrotonyl-CoA carboxylase (MCC), pyruvate carboxylase
(PC), propionyl-CoA carboxylase (PCC), and urea carboxylase
(UC) (16). The first physiological function of biotin was
found in 1968 and proved to increase hepatic glucokinase
transcription (17). Subsequently, many in vitro studies reported
that biotin could stimulate pancreatic islet glucokinase activity

Frontiersin Nutrition

02

10.3389/fnut.2022.1046800

and expression (18), increase insulin secretion (19, 20), and
induce insulin receptor synthesis (21). Meanwhile, various
in vivo studies have also proven the efficiency of biotin in
ameliorating diabetic status. Lazo et al. (22) investigated the
effects of biotin in rodent pancreatic islets and confirmed that
biotin supplementation could augment the proportion of beta
cells and suppress mRNA expression of neural cell adhesion
molecule. In animal studies, the results of glucose tolerance
test (GTT) and insulin tolerance test (ITT) also supported the
association between biotin treatment and improved tolerance
condition (23, 24).

Current researches have demonstrated that biotin deficiency
could impair energy production by decreasing glucose
utilization and oxidative phosphorylation (25). Chuahan
et al. (26) reported that biotin could regulate the glucokinase
gene at the transcriptional stage in starved rats. In addition,
insulin expression and secretion were found to be increased
in response to biotin administration (18). On the other hand,
excessive biotin intake may also ameliorate diabetic status. A
study conducted in 43 Japanese T2DM patients demonstrated
a decrease of approximately 45% of FBG concentration after
one month of oral supplementation of 9mg of biotin per
day (15, 27). Similar effects were also observed in type 1
diabetic patients whose FBG levels decreased up to 50%
after daily administration of 16 mg biotin for one week (28).
High-dose biotin may compensate for subnormal insulin
exposure by suppressing FOXO1 levels (29). Although the
mechanism of hyperglycemia is different, biotin is effective
in both type of diabetes mellitus (18, 30, 31). Moreover,
many clinical trials have shown the hypoglycemic effect of
biotin supplementation in overweight and obese individuals
with T2DM (32, 33). A double-blind placebo-controlled trial
including 348 participants reported a significant decrease in
LDL-C, TC, HbAlc, and VLDL-C after 3 months intervention
(34). However, another biotin intervention lasted for 4 weeks
showed no significant change in plasma glucose, insulin, TG,
TC or lactate concentration compared with placebos (35).
The difference between these results may be caused by the
small number of participants in one study and the specific
conditions of the experiment such as the duration and dosage of
the intervention.

Therefore, considering the lack of consensus, we performed
a systematic review and meta-analysis for random controlled
trials (RCTs) investigating the effects of biotin supplementation
on glycemic control, including HbAlc, FBG, insulin, and lipid
profile in T2DM patients. Prior to our research, no meta-analysis
has been conducted in this regard.

Methods

This systematic review and meta-analysis was performed
based on the Preferred Reporting Items for Systematic Reviews
and Meta-Analysis reporting guidelines (36).
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FIGURE 1
PRISMA flowchart of study selection.

Literature search strategy

We searched the Pubmed, Embase, and Cochrane library
electronic databases to identify RCTs that reported the effects
of biotin on glycemic control in patients with type 2
diabetes, through 8th August 2022. The following medical
subject headings (MeSH) terms and non-MeSH search terms
were included: ((“Biotin” OR “Vitamin B7” OR Water-
Soluble Vitamins) AND (“Type 2 diabetes” OR T2DM OR
diabetes mellitus OR non-insulin dependent diabetes) AND
[Intervention OR randomized OR trial OR “controlled trials”
OR “clinical trials” OR “cross-over” OR parallel)]. The detailed
search strategy is listed in the Supplemental materials. Articles
satisfying the intervention, ending point, and study design
criteria were pulled. We also manually reviewed the reference
lists of the included studies to avoid missing related researches.

Study selection

Two authors (ZY and FY) independently screened the
titles and abstracts of every paper retrieved by the literature
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search to identify potentially eligible studies. We excluded
studies that are letters, comments, conference papers, meta-
analysis, reviews, RCTs with duplicate data or studies with
insufficient data. RCTs that reported at least one of the following
outcomes were included: 1) HbAlc, 2) FBG level, 3) insulin
level, 4) TC level, 5) TG level, 6) HDL-C level, 7) LDL-C
level, 8) VLDL-C level, 9) TG/HDL-C ratio. Any discrepancies
regarding on the selection process were resolved by a third
author (DY).

Data extraction

Data extraction was conducted by two authors
independently (ZY and DY). The following data were extracted
from each study: first author, publication year, location of the
study, study design and duration, age, gender, sample size,
type of intervention, the doses of biotin supplementation, BMI,
main glycemic control (mean and SD) for both control and
supplementation groups at baseline and end of the studies.
Outcomes that were measured in different units were unified by

mathematical conversion.
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Reference

Intervention Sample size
PG EG PG

Year Country Design  Duration  Male (%) Age (years) BMI (kg/mz)
EG PG EG PG EG

TABLE 1 Baseline characteristic of the included studies.

Authors

Frontiersin Nutrition

(32)
(34)

Parallel 28 days 38.9% 48.6+ 3.5 49.043.7 29.7£1.5 29.7+1.4 15mg/d Placebo 10

2006 Mexico

Cristina et al.

122

226

Placebo

57.6£10.1 59.6+8.3 30.5+3.3 30.443.1 2mg/d biotin

Parallel 90 days 59.7%

United States

2007

Cesar et al.

plus 0.6mg/d

chromium

(39)

48+9 3044 30+4 2mg/d biotin Placebo 20 16

2006 United States Parallel 28 days 52.8% 5349

Gregory et al.

plus 0.6mg/d

chromium

)

(35

10

Placebo

1.5mg/d

28.6+4.9

50.4+7.7

Parallel 28 days 48.7%

Mexico

2004

Armida

10

Placebo

9mg/d

46£10

Japan Parallel 30 days

1993

Masaru

EG, experiment group, PG, placebo group.
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Quality assessment

Cochrane criteria was applied to assess the risk of bias and
quality of the included studies (37). The assessment criteria
include random sequence generation, allocation concealment,
blinding of participants, blinding of outcome, incomplete
outcome data, selective report and other bias. Each study was
classified as low, high or unclear risk of bias regarding on
each segment.

Statistical analysis

All statistical analysis was performed using Review Manger
V5.4 (Copenhagen: The Nordic Cochrane Center, Cochrane).
To estimate the effect size of biotin on glycemic control,
random-effects model was used to evaluate the WMD, SD
and corresponding 95% confidence intervals (CI). Statistical
heterogeneity was assessed in the meta-analysis using the I?
and x? statistics, and heterogeneity was considered substantial
if 2 >50% and P-value of < 0.10 in the x2 test (38). A
sensitivity analysis was performed by removing each study
one by one, to explore the contribution of each study to
the overall mean difference. Subgroup analysis was performed
according to the dosage of intervention (< or > 9 mg/d).
Trials not applicable for meta-analysis were reported in a

narrative form.

Results

Search results

A total of 1,310 articles were identified through database
searching and citation searching, with 900 remained after
removing duplicates. Among the remaining articles, 886 records
were excluded due to the following reasons: unrelated title
and abstracts, animal studies and review studies. After a full-
text assessment for eligibility, five trials were included in the
qualitative and quantitative analysis (Figure 1).

Characteristics of the studies

The baseline characteristic of the included studies is
demonstrated in Table 1. The five trials were conducted in
three different countries including two in the United States,
two in Mexico and one in Japan from 1993 to 2007. All
of the trials were placebo controlled parallel RCTs and the
intervention period varied from 4 weeks to 3 months, while
284 patients were in the experiment group and 161 were
in the placebo group. One trial (27) did not report the
gender of participants, while the male and female participants
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distribution was even in two trials (35, 39). But the other
two trials (32, 34) showed male predominance and female
predominance, respectively. Baseline mean age and BMI varied
from 46 to 59 years and 28.6 to 30.5 kg/m?, respectively.
The dosage of biotin intervention ranged from 1.5 mg/d to
15 mg/d.

Quality assessment

The results of the quality assessment for the included
studies are presented in Figure 2. Three trials had a rigorous
experimental design and were considered to be at low risk. Two
trials (27, 39) were considered to be at a moderate risk due to
either unclear or lack of reporting on various potential biases.

The heterogeneity among studies for FBG (I> = 0%, P =
0.33), insulin (I = 48%, P = 0.12), TC (I*> = 33%, P = 0.21),
TG (I% = 0%, P = 0.38), HDL-C (I? = 0%, P = 1.00), LDL-C (I2
= 0%, P = 0.93) and TG/HDL ratio (I> = 0%, P = 0.33) was not
detected. Heterogeneity measured for VLDL-C (I> = 88%, P =
0.004) was significant, which might be caused by using random

effects model.

Effects of biotin on FBG levels

All of the five included studies examined the effect of biotin
supplementation on FBG levels. Overall, biotin supplementation
significantly reduced FBG levels (MD: —1.21 mmol/L, 95% CI:
—2.73 to 031, P = 033, I* =
analysis, two trials with supplementation of biotin dosage > 9
mg/d significantly decreased FBG levels (MD: —3.02 mmol/L,
95% CI: —8.15 to 2.46). Three trials with supplementation
dosage of < 9 mg/d biotin demonstrated no significant
difference compared with placebos (MD: —0.10 mmol/L, 95%
CIL: —2.38 to 2.18) (Figure 3). In addition, although two trials
used the combination of biotin and chromium, subgroup
analysis showed no significant difference in the effects of

0%). Regarding on subgroup

supplementation between the groups with or without chromium
(34, 39) (Supplementary Figure S2).

Effects of biotin on insulin levels

Four studies (32, 34, 35, 39) investigated the effects of
biotin supplementation on insulin levels. Overall, no significant
difference was observed in this meta-analysis (MD: 1.88 pmol/L,
95% CI: —13.44 to 17.21) (Figure 4). Regarding on subgroup
analysis, one trial involved 18 participants, ten of which took
biotin at the dosage of > 9 mg/d and the other eight took the
placebo, both groups showed a significant decrease in insulin
levels, while the decrease was more remarkable in biotin group
(MD: —16.6 pmol/L, 95% CI: —41.65 to 8.45). However, three
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FIGURE 2
Quiality assessment for the included studies.

trials with supplementation dosage < 9mg/d biotin presented a
contrary trend where insulin levels were raised after intervention
(MD: 6.79 pmol/L, 95% CI: —9.20 to 22.78). Besides, the
combination of biotin and chromium supplementation did not
show any significant difference with the subgroup of individual
biotin supplementation (34, 39) (Supplementary Figure S3).

Effects of biotin on HbAlc levels

Only one trial (34) reported the effects of biotin
supplementation on HbAlc levels in T2DM patients. Although
it's not enough for a meta-analysis, according to the original
article, the experiment group involving 226 patients showed
a significant reduction in HbAlc levels compared with the
placebo group (MD: —0.18%, 95% CI: —0.39 to 0.03).

Effects of biotin on TC and TG levels

Four studies (32, 34, 35, 39) investigated the effects of biotin
supplementation on TC levels (Figure 5A) and three studies
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Experiment Control Mean Difference Mean Difference
r T Mean D Total Mean D Total Weight IV, Random, 95% CI IV. Random. 95% CI
6.2.1 At or more than 9mg per day
Cristina 2006 -0.56 0.62 10 -0.26 0.54 8 24.7% -0.30 [-0.84, 0.24] L
Masaru 1993 -5.8 2.25 18 0.1 256 10 182%  -5.90[-7.80, -4.00 .
Subtotal (95% Cl) 28 18  42.9% -3.02 [[-8.51, 2.46]] ‘
Heterogeneity: Tau® = 15.17; Chi? = 31.00, df = 1 (P < 0.00001); I*=97%
Test for overall effect: Z = 1.08 (P = 0.28)
6.2.2 At less than 9mg per day
Armida 2004 1.23 1.22 10 -1.43 2.26 5 17.0% 2.66 [0.54, 4.78] —
Cesar 2007 -0.53 251 226 0.05 2.63 122 246% -0.58[-1.15,-0.01] -
Gregory 2006 0.39 2.95 20 278 4.18 16  15.5% -2.39 [-4.81, 0.03] /]
Subtotal (95% CI) 256 143 571%  -0.10 [-2.38, 2.18] 4
Heterogeneity: Tau? = 3.23; Chiz = 10.93, df = 2 (P = 0.004); I = 82%
Test for overall effect: Z = 0.08 (P = 0.93)
Total (95% CI) 284 161 100.0%  -1.21[-2.73, 0.31] <
Heterogeneity: Tau? = 2.37; Chi? = 42.37, df = 4 (P < 0.00001); I = 91% _2‘10 5 1‘0 5 1‘0 2=o

Test for overall effect: Z = 1.56 (P = 0.12)
Test for subgroup differences: Chiz = 0.93, df = 1 (P = 0.33), I?= 0%

FIGURE 3
Effects of biotin supplementation on FBG levels < or > 9 mg/d.

Favours [experiment] Favours [control]

Experiment Control

r r Mean D Total Mean D Total Weigh
6.4.1 At or more than 9mg per day
Cristina 2006 -28.1 20.8 10 -115 31 8 22.6%
Subtotal (95% CI) 10 8 22.6%
Heterogeneity: Not applicable
Test for overall effect: Z=1.30 (P = 0.19)
6.4.2 At less than 9mg per day
Armida 2004 16.8  29.1 10 -44.1 88.9 5 34%
Cesar 2007 3.3 4248 226 -8.82 916 122 33.2%
Gregory 2006 0 17.15 20 12 21 16 40.8%
Subtotal (95% Cl) 256 143  77.4%

Heterogeneity: Tau? = 81.02; Chi? = 3.44, df =2 (P = 0.18); > = 42%
Test for overall effect: Z=0.83 (P = 0.41)

Total (95% CI) 266 151 100.0%
Heterogeneity: Tau® = 107.48; Chi* = 5.77, df = 3 (P = 0.12); I? = 48%

Test for overall effect: Z=0.24 (P = 0.81)

Test for subgroup differences: Chi? = 2.38, df =1 (P = 0.12), I>=58.0%

FIGURE 4
Effects of biotin supplementation on insulin levels < or > 9 mg/d.
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-16.60 [-41.65, 8.45] =
-16.60 [-41.65, 8.45] -

60.90 [-19.08, 140.88]
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6.79 [9.20, 22.78]

1.88 [-13.44, 17.21]

Mean Difference

>
het

-100 -50 0 50 100
Favours [experiment] Favours [control]

(34, 35, 39) reported TG levels (Figure 5B). Overall, biotin
supplementation significantly reduced TC (MD: —0.22 mmol/L,
95% CI: —0.25 t0 0.19) and TG levels (MD: —0.59 mmol/L, 95%
CIL: —1.21t0 0.03). Meta-regression analysis did not demonstrate
any significant linear relationship between dosage of biotin
supplementation and changes in TC (Coefficient = —0.03)

(Supplementary Figure S1).

Effects of biotin on HDL-C, LDL-C,
VLDL-C, and TG/HDL-C levels

Two studies (34, 39) pooled for this meta-analysis revealed
no significant effect of biotin supplementation on HDL-C levels
(MD: 0.00 mmol/L, 95% CI: —0.04 to 0.04) (Figure 6A). But

Frontiersin Nutrition

the supplementation mildly reduced LDL-C levels (MD: —0.03
mmol/L, 95% CI: —0.19 to 0.14) and a significant decrease was
found regarding TG/HDL-C ratio (MD: —0.77, 95% CI: —1.46
to —0.08) (Figures 6B,D).

Two studies (32, 34) investigated the effects of biotin
supplementation on VLDL-C levels. However, no significant
difference was observed in this meta-analysis (MD: —0.02
mmol/L, 95% CI: —0.19 to 0.14) (Figure 6C).

Sensitivity analysis
A sensitivity analysis was also performed to test the influence

of every individual trial on the overall effect size. Each trial was
removed from the sensitivity analysis orderly. After removing
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FIGURE 5

Experiment Control Mean Difference Mean Difference
ud an a an a eigh andom, 95% ClI 1V, Random, 95% CI
Armida 2004 0.36 036 10 0.82 1.35 5 267%  -0.46[-1.66,0.74] — &
Cesar 2007 0.08 447 226 048 308 122 60.6%  -0.40[-1.20, 0.40] —i
Gregory 2006 025 19 20 149 312 16 128%  -1.74[-3.48,0.00] ]
Total (95% Cl) 256 143 100.0%  -0.59 [-1.21, 0.03] @
Heterogeneity: Tau? = 0.00; Chi2 = 1.94, df = 2 (P = 0.38); I2= 0% 4 2 b 2 j‘

(A) Effects of biotin supplementation on TC levels. (B) Effects of biotin supplementation on TG.

Favours [experiment] Favours [control]

Favours [experiment] Favours [control]

the trails conducted by George et al. (39) or Cristina et al.
(32), sensitivity analysis showed that the effects of biotin
supplementation on serum insulin levels presented a significant
increase [(MD: 5.61 pmol/L, 95% Cl: —23.19. to 34.41) (MD:
6.79 pmol/L, 95% Cl: —9.20 to 22.78)] (Figure 7).

Discussion

In this meta-analysis, we evaluated the effects of biotin
supplementation on glycemic control in T2DM patients.
The results indicate that biotin supplementation significantly
improved lipid profile by decreasing TC, TG and TG/HDL-
C ratio, but no linear association was observed for these
changes and biotin dosage. The influence of biotin on LDL-
C, HDL-C and VLDL-C was mild to none. Supplementation
with or without chromium did not cause a difference on
the influence of TC and TG changes. Regarding on FBG
levels, T2DM patients receiving biotin supplementation at the
dosage of > 9 mg/d showed a significant decrease, but the
reduction was not significant on those receiving < 9 mg/d
according to the subgroup analysis. Moreover, results for the
effect on insulin levels were inconsistent between subgroups
divided by dosage of the supplement. Evidence for HbAlc was
not enough because only one trial reported this parameter.
Therefore, considering the small number of included studies, no
conclusion can be made on the effects of biotin supplementation
on insulin, HbAlc, LDL-C, HDL-C and TG/HDL-C ratio
so far.

The effects of biotin on glycemic outcomes are mainly
caused by two pathways. First, biotin can increase the activity
and expression of glucokinase expressed in hepatocyte and
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pancreatic B cell (40). Glucokinase phosphorylates glucose
to glucose 6-phosphate inside the hepatocyte, ensuring an
adequate flow of glucose enters the cell to be metabolized
(41). Glucokinase activity is essential for glucose-induced
insulin secretion, post-prandial hepatic glucose uptake, and
suppression of hepatic glucose output and gluconeogenesis
by elevated plasma glucose (33). Diabetic patients often have
subnormal hepatic glucokinase activities, which affects the rate
at which glucose is converted into glucose-6-phosphate in the
liver, thus hindering the breakdown of glucose and hepatic
glycogen. Biotin can stimulate glucokinase to accelerate the
conversion of glucose into pyruvate, thereby reducing FBG
levels (41, 42). Meanwhile, after the increase of glucokinase, the
carbon from glucose are provided for de novo lipogenesis (43).
Glucokinase mRNA expression has been proven to be associated
with markers of de novo lipogenesis and liver triglyceride
content in humans (44). The overexpression of glucokinase
can promote pathways that convert glucose to fatty acids,
which suggests that increased glucokinase activity may leads
to reduced blood glucose and induces hypertriglyceridemia
and hepatic steatosis (45, 46). Secondly, biotin acts as a
key coenzyme for PC in gluconeogenesis. In biotin-deficient
patients, biotin administration can increase PCC activity and
maintain blood glucose stability (47). Biotin can also repress
both the gluconeogenic genes and their transcription factors,
such as phosphoenolpyruvate carboxykinase (PCK1), glucose-
6-phosphatase (G6PC), forkhead box protein O1 (FoxOl) and
hepatocyte nuclear factor 4o (HNF4a) through a pathway
independent of insulin-signaling (48). The role of biotin in
glucokinase and PC together make up for the efficacy of its
potential clinical value.
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Regarding on lipid profile, biotin can regulate lipid
metabolism by reducing the expression of adipogenesis genes
in liver and adipose tissues. As the coenzyme of ACCI
and ACC2, biotin helps to catalyze the reaction of acetyl
CoA to malonyl CoA in the synthesis of long-chain fatty
acids, which is related to the synthesis of acetylcholine and
cholesterol (49). Biotin supplementation can reduce lipogenesis
by increasing cGMP content and activating AMP-activated
protein kinase (AMPK) (50), thereby inactivating ACCI. It
is also able to increase fatty acid oxidation by decreasing
ACC2 activity (32). In patients with atherosclerosis and
hyperlipidemia, decreased blood cholesterol concentration was
found after biotin supplementation, especially those with
exacerbated hyperlipidemia (51). The triglyceride-lowering
effect of biotin was also reported in patients with T2DM
(32). Meanwhile, another study suggested that biotin could
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also potentiate the suppression of appetite by upregulating
ACC2 gene expression in the hypothalamus, which lead to the
suppression of food intake and contribute to the prevention of
diabetes (49).

Although non-human experiments have provided strong
evidence for the possible effects of biotin in the prevention
and treatment of diabetes, there is a huge blank regarding
data from clinical trials or RCTs. The latest article included in
this meta-analysis was conducted fifteen years ago. Similarly,
RCTs for thiamine supplementation in T2DM subjects also
dated back to nearly ten years ago (52). The notion of using
vitamin a preventive or therapeutic agent for T2DM is not
new, but many have focused on fat-soluble vitamins (4, 8, 9,
53). The effects of water-soluble vitamins, especially individual
vitamins in the vitamin B family, have far less been emphasized
on. Only a few studies have suggested the effects of vitamins
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C and individual vitamins within the vitamin B family in
blood lipids and blood glucose levels. Results from a meta-
analysis of 15 studies indicated that vitamin C supplementation
significantly decreased TG and TC, but failed to improve
LDL-C and HDL-C in T2DM patients (54). Another meta-
analysis including six RCTs showed no significant beneficial
effects of thiamine supplementation were observed on glycemic
control (55).

Potential differences among included trials may be caused
by the duration of diabetes, underlying health condition, dietary
interference, and individual genetic and microbiota responses
to biotin (56). More importantly, water-soluble vitamins could
be largely expelled from the body due to T2DM patients
poor absorption ability and frequent urination. Thiamine
deficiency (57), Vitamin B12 deficiency (58), niacin deficiency
(59), biotin deficiency (27) and other vitamin B deficiency
were widely reported in patients with T2DM. Whether and
how much of the water-soluble vitamin supplementation
would be lost in urine and how that influenced the ultimate
effects needs further clarification. The baseline biotin level
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of the participants was not reported, the supplementation
methods were not specified, and the dosage of biotin
supplementation used in some studies was low and could
easily be influenced by normal diet. All of these factors may
be related to the lack of significant difference in insulin
levels. Therefore, besides high quality RCTs on the effect
of individual vitamin supplement, cross-sectional studies on
the blood and urine vitamin levels of T2DM patients are
all expected.

Limitations of this study include the quantity of included
RCTs, as few trials have been conducted in this area. Besides,
none of the RCTs in this meta-analysis had a treatment or follow-
up period longer than three months, which could weaken the
observations of long-term effect. Moreover, the dietary intake
of biotin was not considered in all of the studies. Although the
intervention effect did not meet the requirements for clinical
significance due to the small sample sizes, we believe that our
study provides important information to the current knowledge
of the impact of biotin on glycemic control and lipid profile of
T2DM patients.
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Conclusions

In conclusion, our systematic review and meta-analysis
suggests that biotin supplementation may decrease TC and
TG levels while limited evidence suggested that its influence
on insulin, LDL-C, HDL-C, VLDL-C is not significant. T2DM
patients receiving higher dose of biotin demonstrated a decrease
in FBG levels. Biotin supplementation could be economical and
potentially beneficial to T2DM patients. However, more robust-
designed and updated studies with long-term follow-up and
large sample sizes are expected to further evaluate the veracity
of biotin supplement in T2DM patients.
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