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ABSTRACT: Thiamine deficiency has been documented to be prevalent in patients with diabetes mellitus, and correction of thiamine deficiency in this
population may provide beneficial effects in several cardiometabolic parameters, including prevention of impending complications secondary to chronic
hyperglycemia. In this interventional study, we aim to determine whether thiamine supplementation is associated with cardiometabolic improvements in
patients with diabetes mellitus type 2 (DMT2). A total of 86 subjects (60 DMT2 and 26 age- and BMI-matched controls) were included and were given
thiamine supplements (100 mg/day) for six months. Anthropometrics and metabolic profiles were measured routinely. Serum thiamine and its deriva-
tives were measured using high performance liquid chromatography. In all groups, there was a significant decrease in total cholesterol after three months
(p = 0.03) as well as in HDL cholesterol after six months of thiamine supplementation (p = 0.009). Significant improvements were also observed in the
mean serum levels of creatinine (p = 0.001), as well as thiamine and its derivatives in both serum and urinary levels across follow-up visits (p-values 0.002
and <0.001, respectively). In the DMT2 group, improvements were observed in lipid profile (mean serum LDL and total cholesterol with p-values 0.008
and 0.006, respectively), serum thiamine (p < 0.001), TMP (» < 0.001), TDP (p < 0.001), urinary thiamine (» < 0.001) and serum creatinine (p < 0.001).
Thiamine supplementation is a promising adjuvant therapy for patients with DMT2. Longer clinical trials are needed to determine its protective effect in
DMT?2 complications.
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Introduction

As of 2011, the overall prevalence of diabetes mellitus type 2
(DMT?2) in the kingdom of Saudi Arabia (KSA) is 31.6%.!
In terms of complications, the prevalence of diabetic reti-
nopathy in KSA is 31% as of 1998.2 Microvascular diseases
(nephropathy, retinopathy and neuropathy) develop in most
diabetic patients over time and manifest within a period of
1015 years. These are common and debilitating complica-
tions of DM with no effective therapy. Diabetic nephropathy
is characterized by the development of proteinuria, culminat-
ing in end-stage renal disease (ESRD) with a particularly high

risk of cardiovascular morbidity and mortality. The initial
stage of development of nephropathy, incipient nephropathy,
is characterized by the onset of persistent microalbumin-
uria and hyperfiltration.® Over the years the mechanisms of
hyperglycemia leading to diabetes complications, specifically
nephropathy, have been deciphered, but not totally. Never-
theless, current knowledge suggests that certain processes
initiate and sustain cellular dysfunction in microvascular
complications: hyperfiltration, renal mesangial cell expan-
sion, basement membrane thickening, nephrosclerosis and
podocyte loss in diabetic nephropathy, loss of pericytes, vessel
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weakening and endothelial dysfunction in diabetic retinopa-
thy, and endothelial dysfunction and hypoxia in endoneural
microvessels in diabetic neuropathy.* A strategy to reverse the
underlying hyperglycemia could alleviate multiple pathways
of biochemical dysfunction. Whilst there are several biomark-
ers related to diabetes and its complications, targeting thia-
mine levels through high dose thiamine therapy may be the
way to achieve this goal. We have recently documented that
Saudi patients with both DM type 1 and type 2 have low lev-
els of circulating thiamine, and the presence of such diseases
is related to increased thiamine clearance.” In this follow-up
study, we aim to determine whether oral thiamine supplemen-
tation for up to 6 months can increase thiamine levels and
improve cardiometabolic parameters.

Materials and Methods

Study design and settings. This is a comparative
six-month prospective study in which Saudi patients with
DMT?2, aged 1-65 years old, have been selected randomly
from subjects who participated in the ongoing “Biomarker
Screening” study of the Research Center for Biomarkers
Research Laboratory in King Saud University, Riyadh,
Saudi Arabia. Ethical approval was obtained from the Col-
lege of Medicine and Research Center (CMRC) in King
Khalid University Hospital, King Saud University Hospi-
tal, Riyadh, Saudi Arabia. The study was also conducted
in accordance with the guidelines set by the International
Committee of Medical Journal Editors (ICMJE) for inter-
vention studies.

Subjects. A total of 60 patients with DM'T2, plus 26 age-
and BMI-matched controls, (total N = 86) were randomly
selected from the master database of the Biomarkers Research
Program (BRP). They have been recruited previously from a
cross-sectional study assessing circulating levels of thiamine
by high performance liquid chromatography (HPLC).> Sub-
jects were given Thiavit® (Thiamine hydrochloride) (Julphar
Industries, UAE) 100 mg daily for six months and were moni-
tored regularly for compliance.

Inclusion criteria. Study groups matched for age
(1-65 years), sex, diabetes duration (five or more years), HbAlc
(<10%) and body mass index (19-40 kg/m?). All subjects
reported no change in medications during the entire study.

Exclusion criteria. Patients with end stage renal dis-
ease (creatinine clearance <10 mL/min), with significant
co-morbidities, known allergy or intolerance to thiamine,
patients who have been taking thiamine supplements or
goldenseal (herbal supplements), patients participating in an
interventional study within 30 days, patients with renal and/
or pancreatic transplant, women who are pregnant or breast
feeding and women of child-bearing potential not using ade-
quate contraceptive precautions were excluded.

Blood analysis. A detailed methodology has been des-
cribed previously.® In brief, fasting blood samples were col-
lected and anthropometrics measured. Fasting blood, lipid
and renal profile were determined routinely. LDL-cholesterol
was calculated using the Friedwald equation. Blood thiamine
concentration, its phosphate esters and urine thiamine were
quantified using HPLC.> Recovery studies were conducted
after fortification to 0.002 and 0.01 mg L. All spiked sam-
ples gave satisfactory recovery rates for the target analytes
(see Fig. 1). The recovery values ranged from 91% to 112%
for urine and from 95% to 115% for blood, respectively. The
measurements were repeated after the third and sixth months
of supplementation.

Data analysis. Data was analyzed using SPSS version
16.5 (SPSS, Chicago, IL, USA). Continuous variables were
presented as mean + standard deviation. The generalized
linear model (GLM) was used to compare differences of
variables over time. Statistically significant follow-up dif-
ferences or effects were determined using the Bonferroni
multiple comparison test. Level of significance was set at

p < 0.05.

Results
Figure 1 shows the chromatogram of thiamine and its deriv-
atives in both fortified and subjects’ samples. Table 1 shows
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Figure 1. Thiamine (T), Thiamine monophosphate (TMP), and Thiamine diphosphate (TDP chromatograms obtained from A) Blood samples fortified

with T, TMP and TDP, and B) Subjects’ blood samples (5).
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Table 1. General characteristics of all subjects.

BASELINE 3 MONTHS 6 MONTHS P VALUE
N 86
Age (years) 51.8+£10.9
M/F 54/33
BMI (kg/m?) 31.0+5.7 31.3+6.1 30.1+£5.3 0.38
Systolic BP (mmHg) 123.4 +16.1 126.6 + 17.8 127.7+£18.2 0.24
Diastolic BP (mmHg) 76.7 £12.7 77.3+13.0 78.1+13.8 0.78
Waist (cm) 95.5+18.6 93.8+17.5 94.6 +18.0 0.91
Hips (cm) 109.5+15.0 107.8 + 14.9 107.3+14.5 0.75
Glucose (mmol/l) 8.3+3.9 71+29 8.3+41 0.34
Triglycerides (mmol/I) 1.7+£0.72 1.6 £0.62 1.5+ 0.67 0.43
Total cholesterol (mmol/l) 53%£1.0 46+1.2° 49+1.0 0.03
LDL-cholesterol (mmol/l) 3.9+1.0 3.2+0.96° 3.8+1.1° 0.006
HDL-cholesterol (mmol/l) 11+0.27 1.2+0.38 0.81 £0.582° 0.009
TDP (ng/ml) 19.5+ 1041 24.3+8.9 27.0+8.82 0.009
TMP (ng/ml) 29+16 3.8+£1.42 43+1.6° <0.001
Serum thiamine (ng/ml) 26+17 3.0+14 3.7 +1.3%P 0.002
Serum albumin (g/l) 35.5+4.8 37.0+£5.7 32.4+6.8 0.07
Serum creatinine (umol/l) 120.0 £ 26.6 96.3 £ 24.02 88.0 + 18.62 0.001
Thiamine urine (ng/ml) 924.8 +95.6 1097.9 £ 274.32 2401.5 £ 323.62° <0.001

Notes: Data represented by Mean + standard deviation; 2denotes significance as compared to baseline; °denotes significance as compared to 3 months; Level of

significance is given at p = 0.05.

the clinical profile of all subjects according to follow up.
Comparisons showed significant decrease in total cholesterol
after three months (p=0.03) as well as HDL-cholesterol after
six months of thiamine supplementation (p = 0.009). Signifi-
cant improvements were also observed in the mean serum
levels of creatinine (p = 0.001). With regards to thiamine and
its derivatives, there was a significant increase in both serum
and urinary thiamine levels across follow-up visits (p-values

0.002 and <0.001, respectively; see Fig. 2), and this was in

parallel with the increased mean levels of serum TDP and
TMP (p-values 0.009 and <0.001, respectively; see Figs. 3
and 4). No significant changes were observed among the
anthropometric indices, and borderline significant variations
were noted in mean serum levels of albumin and calcium
(p-values 0.07 and 0.09, respectively; see Table 1). We then
divided the subjects according to presence of DMT2. Mean
serum thiamine was not significantly different between con-

trol and DMT2 groups (not shown in table). Table 2 shows
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Figure 2. Serum thiamine according to follow-up visits (all groups).
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Figure 3. Serum thiamine monophosphate according to follow-up visits
(all groups).
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Figure 4. Serum thiamine diphosphate according to follow-up visits (all
groups).

the clinical and metabolic parameters of control subjects
according to various time points. Significant improvement
was seen in the mean serum creatinine levels (p < 0.001)
during the 1st and 2nd follow-up as compared to baseline
and this was in parallel with the significantly increased
urinary excretion of thiamine (p < 0.001). The rest of the
parameters were not significantly different from one another.

Table 3 shows the comparisons among the DMT2 subjects.

As opposed to the control subjects, more improvements were
observed in terms of lipid profile (mean serum LDL- and
total cholesterol, with p-values 0.008 and 0.006, respec-
tively), serum thiamine (p < 0.001), TMP (p < 0.001), TDP
(p < 0.001), urinary thiamine (p < 0.001) and serum creati-
nine (p < 0.001). Other parameters demonstrated no signifi-
cant changes over time.

Discussion

Early studies on the relationship between thiamine status and
diabetes-associated co-morbidities have raised the possibility
of thiamine correction to reverse potential complications
among the DMT2 community.>” In this short follow-up
interventional study, we were able to observe remarkable
improvements in the metabolic profile of DMT?2 subjects sec-
ondary to oral thiamine supplementation, particularly in rais-
ing serum circulating thiamine levels and its derivatives, lipid
profile and creatinine levels. No adverse effects were observed
during the entire supplementation period and supplemen-
tation was well tolerated by the subjects. The association of
circulating thiamine with lipid profile has been observed pre-
viously among elderly people.® Furthermore, the improved
lipid profile, particularly LDL- and total cholesterol, has
been previously demonstrated in animal models,”!? but not in
humans,!! with the latter study’s intervention duration being
comparatively shorter than the present study. It has been

Table 2. Characteristics of control subjects according to visit.

CONTROL BASELINE 3 MONTHS 6 MONTHS P VALUE
N 26 26 26

Age (years) 50.7x+12.4

M/F 16/10

BMI (kg/m?) 30.2+56 326+5.4 29.8+4.3 0.14
Systolic BP (mmHg) 120.6 £ 14.3 121.3£13.9 123.6 £15.3 0.73
Diastolic BP (mmHg) 751+ 11.0 76.8+13.2 76.8+13.5 0.85
Waist (cm) 93.6+15.2 93.2+16.3 94.0+17.7 0.98
Hips (cm) 106.8 £+ 13.2 106.9+£13.8 107.3£14.0 0.97
Glucose (mmol/l) 5.3+0.95 52+19 5.3+0.68 0.98
Triglycerides (mmol/I) 1.3£0.54 1.4+£0.69 1.4 £0.56 0.79
Total cholesterol (mmol/l) 5.2+0.67 47+15 54+1.0 0.37
LDL-cholesterol (mmol/l) 3.5+£0.88 3.0£15 3.7+141 0.31
HDL-cholesterol (mmol/l) 1.2+0.47 1.3+£0.71 1.4 +£0.52 0.68
TDP (ng/ml) 23.8+13.4 23.0+£9.0 259+85 0.72
TMP (ng/ml) 3.0£14 3.6£0.95 3.6£11 0.19
Serum thiamine (ng/ml) 2.5+0.92 2.8+0.88 3.0+1.3 0.36
Serum albumin (g/l) 36.2+3.0 33.5+4.3 348+6.3 0.39
Serum creatinine (umol/l) 116.1 +25.3 92.8+24.6 87.2 £ 23.62P <0.001
Thiamine urine (ng/ml) 968.8 +268.7 1678.6 £ 298.82 2269.7 + 312.92° <0.001

Notes: Data represented by Mean + standard deviation; 2denotes significance as compared to baseline; °denotes significance as compared to 3 months; Level of

significance is given at p = 0.05.
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Table 3. Characteristics of DMT2 subjects according to visit.

BASELINE 3 MONTHS 6 MONTHS P VALUE
N 60 60
Age (years) 521 +10.6
M/F 39/21
BMI (kg/m?) 311+5.8 311164 30.5+5.5 0.81
Systolic BP (mmHg) 126.4 £ 17.6 129.9+18.6 130.2£18.7 0.45
Diastolic BP (mmHg) 776+12.9 78.6 £ 14.6 79.6 £15.0 0.74
Waist (cm) 96.6 + 18.7 956 £17.8 95.0 + 18.1 0.90
Hips (cm) 110.2+16.3 109.8 £+ 16.4 108.6 £ 16.1 0.85
Glucose (mmol/l) 8.8£3.9 8.3£3.6 8.8+3.6 0.68
Triglycerides (mmol/l) 2.0+£0.97 1.7+£0.89 20+1.2 0.41
Total cholesterol (mmol/l) 54+1.2 49+1.2 4.8+0.892 0.006
LDL-cholesterol (mmol/l) 40£1.2 3.7+141 3.4+£0.812 0.008
HDL-cholesterol (mmol/I) 1.0+ 0.21 11+0.28 11+0.25 0.18
TDP (ng/ml) 16.7 £8.4 22.1+8.22 23.8+8.0° <0.001
TMP (ng/ml) 23%1.0 3.2+1.42 3.9+£1.62 <0.001
Serum thiamine (ng/ml) 23+15 27+13 34+1.22 <0.001
Serum albumin (g/l) 37.8+£57 37156 36.9+6.7 0.81
Serum creatinine (umol/l) 122.3+26.3 97.8+25.9 92.5+24.72b <0.001
Thiamine urine (ng/ml) 810.6 £ 78.1 998.7 + 268.72 2319.9 + 268.72P <0.001

Notes: Data represented by Mean + standard deviation; 2denotes significance as compared to baseline; ®denotes significance as compared to 3 months; Level of

significance is given at p = 0.05.

suggested that short duration, high-dose thiamine therapy
is required to achieve normalization of lipids particularly
among patients with diabetes, but such clinical trials are yet
to be conducted.!?

'The improved levels of thiamine and its derivatives sec-
ondary to oral supplementation have been documented previ-
ously in small sample-sized, short- and long-duration clinical
trials with no subsequent improvement in renal function.!3!
In the present study, while we were not able to measure
various markers of renal function, we observed a significant
decrease in serum creatinine over time, which can be con-
sidered a good indicator of renal function. The difference in
the results of Alkhalaf et al,’3 and the present study can be
attributed to sample size, supplement dose and supplement
duration. Preservation of renal function through thiamine
treatment, however, has already been observed in animal
models.””

'The authors acknowledge several limitations and there-
fore results should be interpreted with caution. Dietary car-
bohydrate intake, which is known to influence thiamine

1617 and medication history were not taken into con-

status,
sideration in this study and could have been a confounding
variable, which can explain why improvements in certain
parameters, such as LDL-cholesterol, were not observed.
Furthermore, since the DM patients had stable glyce-

mic control, no complications were noted at baseline and

therefore there was little space for a meaningful degree
of improvement in the reversal of diabetic complications,
if any. Lastly, there is no placebo group, and comparisons
were done only for those with and without diabetes mel-
litus. The study, however, deserves merit in that the sample
size was considerably larger as compared to previous inter-
vention studies and a moderate duration of supplementation
was implemented, providing new insights as to the bene-
ficial effects of 100 mg thiamine supplementation among

patients with DMT2.

Conclusion

In conclusion, 100 mg thiamine supplementation for six
months may be beneficial for patients with DMT?2 in terms
of thiamine status correction and improvement in lipid and
creatinine levels. Further interventional studies are needed to
determine whether thiamine correction can reverse diabetic
complications.
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