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Abstract

Aims/hypothesis High-dose supplements of thiamine pre-
vent the development of microalbuminuria in experimental
diabetes. The aim of this pilot study was to assess whether
oral supplements of thiamine could reverse microalbumin-
uria in patients with type 2 diabetes.

Methods Type 2 diabetic patients (21 male, 19 female) with
microalbuminuria were recruited at the Diabetes Clinic, Sheikh
Zayed Hospital, Lahore, Pakistan, and randomised to placebo
and treatment arms. Randomisation was by central office in
sequentially numbered opaque, sealed envelopes. Participants,
caregivers and those assessing the outcomes were blinded to
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group assignment. Patients were given 3 x 100 mg capsules of
thiamine or placebo per day for 3 months with a 2 month
follow-up washout period. The primary endpoint was change
in urinary albumin excretion (UAE). Other markers of renal
and vascular dysfunction and plasma concentrations of
thiamine were determined.

Results UAE was decreased in patients receiving thiamine
therapy for 3 months with respect to baseline (median
—17.7 mg/24 h; p<0.001, n=20). There was no significant
decrease in UAE in patients receiving placebo after 3 months
of therapy (n=20). UAE was significantly lower in patients
who had received thiamine therapy compared with those who
had received placebo (30.1 vs 35.5 mg/24 h, p<0.01) but not
at baseline. UAE continued to decrease in the 2 month
washout period in both groups, but not significantly. There
was no effect of thiamine treatment on glycaemic control,
dyslipidaemia or BP. There were no adverse effects of therapy.
Conclusions/interpretation In this pilot study, high-dose
thiamine therapy produced a regression of UAE in type 2
diabetic patients with microalbuminuria. Thiamine supple-
ments at high dose may provide improved therapy for
early-stage diabetic nephropathy.

Trial registration: CTRI (India) CTRI/2008/091/000112
Funding: Pakistan Higher Education Commission

Keywords Diabetic complications - Diabetic nephropathy -
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sVCAM-1 soluble vascular cell adhesion molecule-1
UAE urinary albumin excretion

vWF von Willebrand factor
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Introduction

Diabetic nephropathy develops progressively over 5—40 years
of diabetes [1]. A novel strategy to counter biochemical
dysfunction linked to the development of diabetic nephro-
pathy is high-dose thiamine therapy [2]. High-dose thiamine
therapy prevented the development of diabetic nephropathy
in experimental diabetes without improvement of glycaemic
control [3]. Experimental diabetes was associated with
thiamine deficiency characterised by a marked decrease in
plasma thiamine concentration and decreased activity and
expression of the thiamine-dependent enzyme transketolase
in renal glomeruli [4]. Type 1 and type 2 diabetic patients
showed similarly decreased plasma thiamine concentrations
[5]. In this pilot study, we evaluated the effect of oral high-
dose supplements of thiamine on urinary albumin excretion
(UAE), a marker of early-stage diabetic nephropathy, in type
2 diabetic patients with microalbuminuria.

Methods

Diabetic patients were recruited from patients attending the
Diabetes Clinic at the Sheikh Zayed Hospital, Lahore, Pakistan
between October and December 2006. The main inclusion
criteria were: age 35-65 years, type 2 diabetes and persistent
microalbuminuria (AER 30-299 mg/24 h), diabetes duration
>5 years, HbA . <12.5%, and BMI 19-40 kg/m*. The main
exclusion criteria were: significant comorbidities, known
allergy or intolerance to thiamine, use of thiamine supple-
ments, participation in an interventional study within 30 days,
recipients of renal and/or pancreatic transplant and women
who were pregnant or breast feeding or of child bearing
potential not using adequate contraceptive precautions.
Forty patients were enrolled and randomly assigned
(random number table method) to receive placebo or
3x100 mg tablets/day for 3 months followed by a 2 month
washout period. Adverse effects of thiamine treatment were
assessed by kidney function (serum creatinine and urea
nitrogen) and liver function (serum alanine transaminase,
aspartate transaminase and alkaline phosphatase activities
and bilirubin) tests. In the placebo group, there were 11 male
and nine female patients of 52.4+8.7 years and BMI 28.3+
4.4 kg/m*. In the thiamine treatment group, there were ten
male and ten female patients (52.7+8.4 years old and BMI
28.1:4.6 kg/m?). At baseline and throughout the study, nine
patients in the thiamine treatment group and three in the
placebo group were receiving insulin therapy (p<0.05). There
were no other significant differences in the proportions of
patients receiving therapeutic agents in the thiamine treatment
and placebo groups. One patient achieved glycaemic control
by diet only; all others received therapy with hypoglycaemic
agents (sulfonylureas, metformin and thiazolidinediones).

Nine patients in the placebo group and eight in the thiamine
treatment group received therapy with antihypertensive
agents. Three patients in the thiamine treatment arm and
one in the placebo arm were receiving cholesterol-lowering
statin therapy, compared with seven and two respectively
after 3 months, and seven and three after the 2 month
washout period. One patient in the thiamine treatment group
was receiving antihyperlipidaemic fibrate therapy.

Twenty-four hour urine collections and fasting blood
samples were taken with the informed consent of the
participants. Plasma and erythrocyte fractions were sepa-
rated immediately and stored at —80°C until analysis.

Ethical approval for the study was given by the Ethical/
Protocol/Synopsis Committee of Sheikh Zayed Federal
Postgraduate Medical Institute, Lahore, Pakistan (Eth/
P609/FPGM1/2006).

Statistical analysis All statistical analyses were done with the
SPSS statistical software package (version 15.0; SPSS,
Chicago, USA). Statistical tests were all two-sided (<0.05).
Significances of differences between mean and median
analytes of thiamine treatment and placebo groups were
determined using Student’s ¢ test and a Mann—Whitney
U test, respectively. Significances of differences from baseline
and post-therapy and post-washout period mean and median
analytes were determined using a paired samples # test and a
Wilcoxon signed-rank test, respectively. Correlation analysis
was performed by calculating Spearman’s rho statistic.
Significance of difference of proportions was made by
reference to Finney’s 22 contingency tables.

Power calculation The primary endpoint was UAE. Group
CV values and intervention effects of 30% were assumed,
similar to previous studies [6-8]. For power =0.8 and a<
0.05, patient group size was 17. Patient groups of 20 were
employed to allow for non-compliance to therapy.

Results

Patient characteristics at baseline The characteristics of
type 2 diabetic patients with microalbuminuria recruited for this
study at baseline are given in Table 1. There was no significant
difference in any clinical chemical variable at baseline. The
median plasma thiamine concentration of diabetic patients
was 7.5 nmol/l, markedly lower than the normal range of
normal healthy human individuals (44.6-93.7 nmol/l) [5].
The median urinary thiamine excretion was 1.38 pmol/24 h.
One patient had a plasma thiamine concentration above the
normal range and a urinary thiamine output 30-fold greater
than the normal mean [5], consistent with prior thiamine
supplementation, and was excluded from the data analysis.

@ Springer



210

Diabetologia (2009) 52:208-212

Table 1 Clinical data before and after 3 months of thiamine treatment and after a 2 month washout period

Variable Thiamine Placebo
Baseline Therapy Washout Baseline Therapy Washout
Plasma thiamine 10.6 (0.8-84.5) 98.2 (2.6-294.5) 109 3.6-227) ' 7.1 (1.1-31.3) 7.1 (2.4-16.6) 9.1 (4.2-16.3)

(nmol/l)
Urinary thiamine
(umol/24 h)

Thiamine clearance

(ml/min)
UAE (mg/24 h)
Plasma glucose
(mmol/1)
HbA,. (%)
Total cholesterol
(mmol/1)
LDL-cholesterol
(mmol/1)
HDL-cholesterol
(mmol/1)
Triacylglycerol
(mmol/1)
Systolic BP
(mmHg)
Diastolic BP
(mmHg)
GFR (ml/min)
sVCAMI (ng/ml)
vWF (IU/ml)

1.63 (0.45-7.66)
112 (8-819)

43.7 (33.0-120.9)
10.1£3.2

9.2+1.3
5.26+1.30

2.7541.22
1.29+0.35

2.23 (0.60-8.31)
126+14

8748

85419

588267
0.60 (0.07-5.18)

47.69 (0.40-182.79)>"

273 (3-789)¢

30.1 (12.0-38.2)>"

10.1£3.9

9.0+1.8
4.87 (2.59-9.69)

2.56+1.71
1.08+0.37¢
2.27 (0.92-6.97)
133420

85+9

9030

5544224
0.48 (0.01-2.95)

1.42 (0.10-9.72)'
92 (18-237)"

20.9 (7.0-35.0)%"
8.0+3.5¢

7.8+1.6%"
4.61 (3.29-7.20)

2.41+0.83*
1.15£0.24

2.60 (0.89-8.27)
135+14¢

87+7

77420

4814192%¢
0.51 (0.071-1.97)

1.53 (0.67-4.46)
189 (26-955)

50.9 (32.9-121.7)
9.5+3.1

8.8£1.8
4.79+1.06

2.75+0.93
1.24+0.27

1.51 (0.82-4.24)
13110

84+6

93423

648+255
0.48 (0.01-4.35)

1.71 (0.15-9.73)
149 (12-663)

35.5 (6.4-82.0)
8.8+2.4

8.5+1.7
4.43+1.66

2.38+1.19
0.97+0.23f

1.79 (0.63-4.02)¢
130+17

84+8

97+18

608178
0.48 (0.01-4.41)

1.16 (0.00-5.44)
102 (12-334)°

30.0 (3.5-80.4)
8.0+3.1¢

8.4+1.7
5.57+1.97"

3.19+1.248
1.37+0.56"

1.97 (1.08-4.46)
130+13

83+7

87+21

600+232
0.59 (0.01-1.61)

Data are means+SD or medians (minimum-—maximum)
UAE was measured by immunoturbidimetry (Randox, Crumlin, UK) and GFR (serum creatinine with the Crockcroft-Gault formula) by the
automated Jaffé method (Dimension Clinical Chemistry Analyzer; Dade Behring, Marburg, Germany). Fasting plasma glucose, total cholesterol,
HDL-cholesterol and triacylglycerol were determined by the Dimension Clinical Chemistry Analyzer method, and HbA . by an agglutination
inhibition rate assay (Randox). Serum LDL-cholesterol was deduced from the Friedewald equation. sVCAM-1 and vWF were measured by
immunoassay kits (R&D Systems, Abingdon, UK; Technoclone, Dorking, UK). Plasma and urinary thiamine was determined by pre-column
derivatisation to thiochrome and HPLC with fluorimetric detection [5]
2p<0.05, °p<0.01, ©p<0.001 compared with placebo; ¢ p<0.05, p<0.01, p<0.001 compared with baseline; &p<0.05, " p<0.01, |p<0.001

compared with post-therapy

At baseline, there was a negative correlation of plasma
thiamine concentration with thiamine clearance (r=—0.52;
p<0.01) and a positive correlation of urinary thiamine
excretion and thiamine clearance (r=0.52; p<0.01). There
was no significant difference in the plasma thiamine
concentration, urinary thiamine excretion and renal clearance
of thiamine for patients with and without antihypertensive
therapy. There were negative correlations of plasma thiamine
concentration and urinary thiamine excretion with plasma
von Willebrand factor (VWF) (r=—0.41 and —0.42, respec-
tively; p<0.05). There was a significant negative linear
regression of soluble vascular cell adhesion molecule-1
(sVCAM-1) on plasma thiamine [sVCAM-1 (ng/ml)=687—
(5.5 xplasma thiamine (nmol/l)); p<0.05].

Effect of therapy with high-dose thiamine Thiamine treat-
ment for 3 months increased the median plasma concentration

@ Springer

of thiamine by tenfold and urinary excretion of thiamine by
29-fold. All liver function tests were within the normal range,
indicating the expected absence of adverse effects of treatment
with thiamine (Table 1).

The primary endpoint of this study was effect on UAE.
After the treatment period, patients receiving thiamine
therapy had decreased median UAE, with respect to patients
receiving the placebo (30.1 vs 35.5 mg/24 h; p<0.01). UAE
was decreased significantly with respect to baseline in the
patients treated for 3 months with thiamine (—17.7 mg/24 h;
p<0.001) but not in patients treated with placebo. The
decrease was maintained after the washout period when the
decrease in urinary albumin in the patients treated with
placebo also became significant (Table 1). The time course
of changes in UAE in patients treated with thiamine and
placebo showed a progressive decrease in UAE with time
throughout the treatment period. Linear regression of UAE
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Fig. 1 Effect of high-dose thiamine on UAE. a Change from baseline of
UAE in type 2 diabetic patients receiving thiamine (black squares) or
placebo (white squares). Median values are shown: *p<0.05, **p<0.01
and ***p<0.001 compared with baseline; 'p<0.05 and "p<0.01
compared with baseline change for the placebo. b Individual changes
in UAE of patients on placebo; p>0.05. ¢ Individual changes in UAE of
patients on thiamine; p<0.001. Horizontal bars are median values

in relation to treatment time indicated that the rate of
decrease in UAE was increased about fourfold in patients
treated with thiamine with respect to placebo (5.62 vs
1.52 mg/24 h) (Fig. 1).

There was no significant effect of thiamine supplemen-
tation on glycaemic control, dyslipidaemia, BP, GFR or
markers of vascular dysfunction during the treatment
period. After the washout period, fasting plasma glucose
was decreased with respect to baseline levels in the thiamine
treatment and placebo groups and HbA;. was decreased
with respect to baseline and 3 months after therapy in the
thiamine treatment group. At this time, total cholesterol and
LDL-cholesterol increased in patients treated with placebo,
and LDL-cholesterol decreased in patients who had

received thiamine therapy. HDL-cholesterol decreased
significantly from baseline after the 3 month treatment
period in patients treated with both thiamine (16%) and
placebo (22%). HDL-cholesterol returned to baseline values
in both groups after the washout period. Patients receiving
placebo showed significant increases in triacylglycerol from
baseline after the 3 month treatment and washout periods
(+18% and +30%, respectively). Patients receiving thiamine
had a significant increase in systolic BP after the washout
period. After the washout period, there was also a decrease
from baseline concentration of sVCAM-1 in patients
receiving thiamine with respect to placebo (—117 ng/ml;
p<0.05) (Table 1).

Discussion

In this study we found that high-dose thiamine therapy
(3x100 mg/day) decreased UAE in type 2 diabetic patients
with microalbuminuria from baseline values after 1-3 months
of therapy. After therapy for 3 months, regression of micro-
albuminuria to normal urinary albumin had occurred in 35%
of the patients. Increasing the plasma concentration of
thiamine in diabetes may reverse dysfunction of glomerular
endothelial cells, podocytes and tubular epithelial cells
thereby improving glomerular and tubular structure and
function and low-grade vascular inflammation and decreasing
UAE [9].

The baseline characteristics of the patients recruited for
this study confirmed our previous findings that the plasma
thiamine concentration is abnormally low in type 2 diabetic
patients with microalbuminuria and with an inverse associ-
ation of plasma thiamine with sVCAM-1 [5]. There was also
a significant negative regression on plasma thiamine
concentration and negative correlation of plasma vWF.
Urinary excretion of thiamine >0.20 pmol/24 h indicates
adequate dietary thiamine sufficiency for adult human
individuals [10]. On this basis, all diabetic patients in this
study had an adequate dictary intake of thiamine.

Further studies are now required to confirm this encourag-
ing pilot-scale outcome that high-dose thiamine reverses
early-stage nephropathy in type 2 diabetes.
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