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ORIGINAL ARTICLE

Effect of short-term thiamine supplementation on oxidative
stress, inflammation, exercise capacity and prognosis in
chronic heart failure: a randomized clinical trial

Like Geng], Sanjun HZ, Luzbao VVangJ, Qun Dangz, Fang Wlmgl, Guo Lo!

the effectiveness of thiamine supplementation and clinical outcome in ¢
clear. Therefore, this study focuses on evaluating the effect of short-te

distance (6MWD) were detected in the two groups b
were followed-up for 30-day after discharge. ge

significantly decreased in control group comp baseline (p<0.05), and the SOD levels and 6MWD
in the thiamine group were significantly incre # with the control group (p<0.05). Serum thia-
mine levels in the thiamine group i nt detéfminants of serum SOD levels (standardized coef-
ficient=0.4, p=0.022) and 6MW, ient=0.518, p=0.004) after thiamine supplementation.
Serum thiamine levels before 1o [HR], 0.957, 95% confidence interval [CI], 0.924 to

0.992; p=0.016) was inde dted to the rehospitalization within 30-day. Conclusions: In conclusion,
short-term thiamine s i @ improve oxidative stress and exercise capacity, and serum thia-
mine levels before was an indépendent predictor of rehospitalization within 30-day. Meanwhile,
furosemide cou hiamine levels in patients with CHF.

Introduct patients with CHF have improved modestly, but the
5-year mortality rate is still about 50% (1). Oxidative

CHF is"a progressive clinical syndrome. Over  stress and inflammatory cytokines lead to ventricular

the past 70 years, there have been significant ad-  remodeling and aggravate heart failure (2). The al-
vances in drugs and device therapy, survival rates for leviation of inflaimmation and the enhancement of
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antioxidant defense system contribute to the improve-
ment heart function. Therefore, antioxidants and anti-
inflammatory drugs may be potential therapies for
patients with CHE.

Thiamine, or vitamin B1, is an important co-factor
of metabolic enzymes, and its deficiency can lead to
cardiovascular dysfunction (3). Thiamine deficiency is
prevalent in patients with CHEF, studies have shown that
the rate of thiamine deficiency is 3% to 91% in patients
with CHF (4). It is shown that the main cause of thia-
mine deficiency in patients with CHF is the diuretics to
accelerate the excretion of thiamine in the urine (5), but
there are controversies (6). It is demonstrated that thia-
mine deficiency can cause heart failure or aggravate the
original heart failure, and deterioration of heart func-
tion will aggravate thiamine deficiency and promote
oxidative stress and inflammation, thereby forming a
vicious circle (7) . Therefore, it is very significant to un-
derstand thiamine levels in patients with CHF and to
give appropriate thiamine supplementation.

Animal experiments have shown that thlamlne
deficiency may increase the production of rq

oxygen species (ROS) in rats with heart failure

thiamine deficiency rats have increased oxidative s ?

and decreased antioxidant capacity (8

duction of pro-infla
and thiamine defiga

iamine deficiency
to inflammation and

oxidag rog€generative diseases, and
th n has potential antioxidant
and y effects in neurodegenerative
diseases 13). However, studies on thiamine sup-

prognosis irff patients with CHF are rare.

The primary purpose of this study was to evaluate
the effects of thiamine supplementation on oxidative
stress, inflammation, and exercise capacity, as well as
its ability to predict rehospitalization within 30-day in
patients with CHEF. In addition, we also evaluated the
effect of furosemide on serum thiamine levels.

Materials and methods
Study population

This study was a randomized controlled trial that
was registered at http://www.chictr.org.cn (registration
number: ChiCTR1800018226). A total of 60 patients
diagnosed with CHF who were hogsss

ceived furosemide treatment j

lar ejection frac-

New York Heart

on or a cardiac surgery within the past 3
months, intake of thiamine or antioxidant supplemen-
s within the last 1 month.

All participants signed informed consent after be-
ing told the details of the study. The study complies
with the Declaration of Helsinki, and the protocol
was approved by the Institutional Ethics Committee
(Ethical number: IRB2018-U).

Study protocol

The study was a single-blind trial. In other words,
the researchers knew the drug use of the subjects, but
the subjects didn't. All participants were treated with
optimal anti-heart failure therapy, including daily in-
travenous furosemide 40 mg, and oral beta blockers,
spironolactone, and benazepril. The patients in the
thiamine group were received 100 mg intramuscu-
lar injection of thiamine daily based on conventional
anti-heart failure therapy, and the control group re-
ceived daily conventional anti-heart failure therapy
for 1 week which is the course of treatment for both
groups. The participants completed a baseline visit, and
physical examination and laboratory tests and echo-
cardiography were performed in the baseline period.
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At the baseline period and 1 week after treatment, all
participants were measured for the following indica-
tors: serum thiamine, SOD, MDA, hs-CRP, IL-6,
pro-BNP levels and 6MWD.

Patients were followed up by telephone after
discharge to obtain patient survival from patients or
relatives. The primary outcome was the rehospitaliza-
tion due to exacerbation of CHF within 30-day after
discharge. No patient died or lost to follow-up during
the follow-up period. A flow diagram of the study is
illustrated in Figure 1.

Serum biochemical analyses

Blood samples were collected by peripheral ve-
nous puncture at the baseline period and after the
treatment for 1 week, immediately centrifuged a
3000 g for 15 minutes, and serum frozen at -
until assays were performed. Serum MDA level
measured by the enzyme linked immunosorben

(ELISA) using Human MDA ELISA Kit (Shanghai
XinYu Biotechnology Co., Ltd, Shanghai, China), fol-
lowing the manufacturer’s instructions. Serum SOD
levels were determined by pyrogallol autoxidation
method with SOD assay kit (Zhongyuan Biotechnol-
ogy Co. Ltd., Chongging, China) on an automatic
biochemical analyzer (model 7600; Hitachi, Ltd.,

s were analyzed on

pche Diagnostics,
b 11.-6 kit (Roche

by electrochemi-

otechnology Co., Ltd.,

e latex particle-enhanced

Tokyo, Japan). Serum pro-BNP
measured on a Roche Cobas 6000 ana-
iagnostics, Basel, Switzerland) using
-BNP (] kits (Roche Diagnostics, Man-

electrochemiluminescence

,  Germany) by
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Randomized (n=60)

A
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Figure 1. Participant flow during the trial.
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immunoassay. Serum thiamine levels were assayed
using the human Vitamin B1 ELISA kit (Shanghai
XinYu Biotechnology Co., Ltd, Shanghai, China),
following the manufacturer’s instructions. Measure
the absorbance with a Rayto-6100 microplate reader
(Rayto Life and Analytical Sciences Co., Ltd., Shenz-
hen, China) at a wavelength of 450 nm, and the serum
thiamine levels was then determined by comparing
the optical density of the samples to the standard
curve. The normal range of serum thiamine levels was
16 to 48 ng/mL (14). Therefore, thiamine deficiency
was defined as the serum thiamine levels of less than

16 ng/mL.
Six-min walk test

The 6-minute walk test was conducted following
the international standard protocol. At the baseline
period, all participants were trained. Participants are
instructed to walk as far as possible in 6 minutes in
70 meters obstacle-free corridor. At the baseline pe-

riod and the 8th day, the trained physician tes
recorded the 6MWD.

Statistical analysis

requency and percentage, and
. isher exact probability were used
cageoorical variables between two groups.

correlation between serum thiamine levels and the
other variables before and after treatment. Univariate
and multivariate linear regression analysis were used
to analyze the relationship between the serum SOD
levels and 6MWD and age and serum thiamine and
pro-BNP levels in the thiamine group after treatment.
The rehospitalization survival curves were plotted by

using the Kaplan-Meier method, and log-rank test
was used to compare the difference in rehospitaliza-
tion within 30-day between the two groups. Univari-
ate and multivariate Cox proportional risk analysis
were conducted to explore the risk factors of rehos-
pitalization within 30-day. The examined variables in-
cluded age and before discharge laboratory findings.
The variables which showed g

correlation

ate model. Probability wae
t-test. A value of P<

significant.

Results

ized CHF patients had completed
period demographic data, labo-
ratory data and ofinical characteristics were summa-
rized in Talfle 1, there was no significant differences
characteristics between the two groups.
as few side effects at normal doses, mainly
inclyding allergic reactions, upset stomach, feeling of
rmth, restlessness, sweating a lot, weakness, irrita-
tion where the shot is given. All subjects in this study
had no adverse reactions after intramuscular injection
of thiamine.

After 1 week of treatment, there were 4 cases of
thiamine deficiency in the control group (3 cases in-
creased from baseline period), and no thiamine defi-
ciency in the thiamine group. As shown in Table 2,
after 1 week of treatment, the serum thiamine, SOD
levels and 6MWD in the thiamine group were sig-
nificantly increased compared with the baseline period
(p<0.05), while MDA, IL-6, hs-CRP and pro-BNP
levels were significantly decreased (p<0.05). After 1
week of treatment, the serum thiamine, MDA, IL-6,
hs-CRP and pro-BNP levels were significantly de-
creased and 6MWD was significantly increased com-
pared with the baseline period (p<0.05), while serum
SOD levels had no significant changes in the control
group (p>0.05). Compared with the control group,
thiamine supplementation significantly increased the
serum thiamine, SOD levels and 6MWD (p<0.05),
but it did not affect the serum MDA, hs-CRP, IL-6
and pro-BNP levels(p>0.05).
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Table 1. Baseline demographic, clinical characteristics and laboratory data.

Parameters | All patients (n=60) | Thiamine group (n=30) | Control group (n=30) | P
Demographics
Number (Male/Female) 60 (40/20) 30 (19/11) 30 (21/9)
Age (Years) 65.42+10.03 65.8+9.96 65.03+10.25 0.77
Physical features
SBP (mmHg) 124.75+19.57 122.73+17.1 126 77201 0.43
DBP (mmHg) 78.93+£16.9 77.0+16.49 .87+17.35 0.38
BMI (kg/mz) 21.29+2.44 21.04£1.95 +2.87 0.429
Echocardiography A
LVEF (%) 29.45+5.81 29.97+5.71 28.93+5! 0.496
Laboratory data -
Creatinine (mmol/L) 83.33+20.54 8248+20.96 0.843
ALT (U/L) 34.35+15.77 6.76x17.15 0.24
AST (U/L) 33.0+11.86 ) 35.91+12.07 0.056
Thiamine deficiency, (n%) 4 (6.67%) 1(3.33%) 0.612
Heart failure cause
Ischemic cardiomyopathy 27 (45%) 14 (46.67%) 0.795
Dilated cardiomyopathy 12 (20% 5 (16.67%) 0.519
Heart valve disease 14 (23.3 6 (20%) 0.542
Hypertensive heart disease 6 (10%) 2 (6.67%) 4(13.33%) 0.671
Pulmonary heart disease (1.67%) 0 (0%) 1(3.33%) 1
NYHA class
Class ITI, n (%) 16 (53.33%) 19 (63.33%) 0.432
Class IV, n (%) 14 (46.67%) 11 (36.67%) 0.432
Medication®
Beta-blocker, n (% 22936.67%) 11 (36.67%) 11 (36.67%) 1
25 (41.67%) 13 (43.33%) 12 (40%) 0.793
28 (46.67%) 15 (50%) 13 (43.33%) 0.605
31 (51.67%) 17 (56.67%) 14 (46.67%) 0.438

As sMown in Table 3, according to Pearson’s cor-
relation analysis, there was no significant correla-
tion between serum thiamine levels and serum SOD,
MDA, IL-6, hs-CRP, pro-BNP levels and 6MWD in
both groups at the baseline period. After 1 week of
treatment, the serum thiamine levels in the thiamine
group were significantly positively correlated with

serum SOD levels (r=0.448, p=0.013) and 6MWD

(r=0.596, p=0.001), and negatively correlated with
serum pro-BNP levels (r =-0.39, p=0.033). However,
the serum thiamine level in the control group was not
correlated with all indicators.

As shown in Table 4, simple linear regression
analysis showed that serum SOD levels were sig-
nificantly positively correlated with serum thiamine
levels (unstandardized coefficient=0.479, p=0.013),
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Table 2. Serum thiamine levels and various indicators in the two groups at baseline and 1 week after thiamine supplementation.

Thiamine Group Control Group
Variable Baseline 1 week Baseline 1 week
Thiamine (ng/mL) 29.16+7.83 75.19+16.18° 29.26+5.2 23.92+7.95 *
SOD (U/mL) 102.1+12.68 115.26£17.31° 101.02+14.85 104.85+12.81*
MDA (nmol/mL) 4.87+0.76 4.22+0.56°
IL-6 (pg/mL) 11.36£3.33 6.75+2.21°
hs-CRP (mg/L) 9.25+2.89 5.36+1.6°
pro-BNP (pg/mL) 12340.7+6597.8 893.1+247.2°
6MWD (m) 193.3+22.6 410.7+19.7%

Abbreviations: Values are means + standard deviation (SD). hs-CRP, high-sensitivity C-
hyde; pro-BNP, pro-B-type natriuretic peptide; SOD, superoxide dismutase; 6MWD,
$P<0.05, versus baseline period in thiamine group.

P<0.05, versus baseline period in control group.
*P<0.05, versus after thiamine supplementation in the thiamine group.

Table 3. Correlation between serum thiamine levels and variglis indicators in the two groups before and after treatment.

Thiamine Group Thia Control Group
Baseline Baseline Control Group 1 week

Variable r P P r P r P
SOD (U/mL) 0.195 0.302 48 0.013 0.25 0.183 0.323 0.082
MDA (nmol/mL) 0.108 -0.025 0.894 -0.231 0.219
IL-6 (pg/mL) 0.401 -0.335 0.07 -0.265 0.157
hs-CRP (mg/L) 0.181 -0.072 0.704 0.013 0.947
pro-BNP (pg/mL) 0.033 -0.263 0.16 -0.314 0.091
6MWD (m) 0.001 0.116 0.542 0.29 0.12

SOD, superoxi

Itivariate regression analysis of serum SOD levels and 6MWD in thiamine group after thiamine

SOD 6MWD
Univariable Multivariable Univariable Multivariable
B P B P B P B P
0.624 0.051 0.294 0.086 0.281 0.453 — —
pro-BNP (pg/mL) 0.013 0.333 — — -0.032 0.027 -0.201 0.23
Thiamine (ng/mL) 0.479 0.013 0.40 0.022 0.725 0.001 0.518 0.004
Adjusted R*<0.232 Adjusted R?<0.344

Abbreviations: B, unstandardized coefficient; B, standardized coefficient; pro-BNP, pro-B-type natriuretic peptide; SOD, superoxide dismutase;
6MWD, 6-minute walking distance.
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Figure 2. Kaplan-Meier curve of 30-day rehospitalization rate
for both groups.

while 6MWD were significantly negatively correl
with serum pro-BNP levels (unstandardized co
ficient=-0.032, p=0.027) and significant,

correlated with serum thiamine levels (unstfynd e
coeflicient=0.725,p=0.001). Further, a multi el1

ear regression analysis showed ; i
levels had a significant effe

shown in Figure 2, although

emed to have advantages,

Peen the two groups after follow-up of
(log-rank, p=0.159).

own in Table 5, in univariate Cox regres-
sion analysis, serum thiamine levels (HR, 0.955;
95% CI, 0.918 to 0.993; p=0.021) before discharge
(1 week after treatment) and pro-BNP levels (HR,
1.003; 95% CI, 1.0 to 1.006; p=0.048) were associ-
ated with rehospitalization within 30-day. Further,
a multivariate Cox regression analysis showed that
serum thiamine levels before discharge (HR, 0.957;
95% CI, 0.924 to 0.992; p=0.016) was independently
associated with rehospitalization within 30-day, but
pro-BNP did not.

Discussion

Our study mainly demonstrated that serum thia-
mine levels was a significant influence factor of SOD
and 6MWD. In addition, se i

discharge was independgftly assoc

amine levels before

d with rehospi-

e key rate-limiting enzyme in the Krebs
asic role in myocardial energy me-
OS mediates cardiac remodeling, and
ROS is the main source of oxidative stress
ile nicotinamide adenine dinucleotide phos-
(NADPH) oxidase has been shown to be the
main source of ROS production in heart failure (17).
TKT is a ThDP (thiamine) dependent enzyme. Stud-
ies have shown that TKT activity is significantly re-
duced when thiamine is deficient (18), and the activity
of TKT is increased after thiamine supplementation
(19). TKT promotes the conversion from glycolysis to
the pentose phosphate pathway, resulting in a reduc-
tion in NADPH oxidase and production in ROS (20).
Studies had been shown that benfotiamine, a deriva-
tive of thiamine, could reduce oxidative stress in mice
with myocardial infarction by inhibiting the action of
NADPH oxidase (21). Therefore, in this study, thia-
mine supplementation increased serum ThDP con-
centration, resulting in enhancing TKT activity and
reducing NADPH oxidase and ROS production, thus
reducing oxidative stress levels in patients with CHF.
SOD and MDA are the main markers of oxidative
stress used to evaluate the ability to eliminate oxygen
free radicals. Sarandol E et al treated diabetic rats with
thiamine (6 mg/kg) in drinking water for 5 weeks, and
the results showed that the level of MDA in plasma
and tissues in the thiamine group was significantly
lower than that in the control group, and the activ-
ity of SOD was significantly increased (22). Radonjic
T et al. injected thiamine hydrochloride (25 mg/kg)
into the abdominal cavity of doxorubicin-treated rats
for 7 days, they found that the SOD activity of rats
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Table 5. Predict the 30-day rehospitalization rate by univariate and multivariate Cox regression analysis.

Univariable Multivariable
Variable HR (95% CI) P HR (95% CI) P
Age (Years) 1.001 (0.94 to 1.065) 0.983 — —
Thiamine (ng/mL) 0.955 (0.918 to 0.993) 0.021 0.957 (0.924 to0 0.992) 0.016
SOD (U/mL) 0.969 (0.93 to 1.01)
MDA (nmol/mL) 1.844 (0.618 to 5.497)

IL-6 (pg/mL) 1.097 (0.84 to 1.433)

hs-CRP (mg/L) 0.922 (0.605 to 1.405)

pro-BNP (pg/mL) 1.003 (1.0 to 1.006)

6MWD (m) 0.992 (0.973 to 1.01)

SOD, superoxide dismutase; 6 MWD, 6-minute walking distance.

was significantly rose, while the antioxidant defens
system was increased, and the myocardial contracti
ity was enhanced (23). Similar to the results of tho
reports, our study has found that the serum SOD lev-

fully develop.
Gonzalez-ortiz
placebo-controlle

group Was received thiamine supplementation (100
mg/day) and the control group was received placebo
for 6 weeks, and they found that plasma hs-CRP levels
and TNF-a gene expression were significantly reduced
in the thiamine group (25). The difference between the
results of such trials may be caused for differences in
study design, different durations of trials, different
doses of thiamine used, and specific characteristics of
participants.

Smithline A et al thiamine
(100 mg/day) for 2 days in patients with acute heart

thout thiamine deficiency, and the results

injected

failure

show;

that there was no significant decrease in pro-
in the thiamine group compared with the control
roup (26). Keith M et al randomly divided 69 cases
of CHF patients with reduced ejection fraction into
two groups, 35 cases of thiamine group were given oral
thiamine 200 mg daily, 34 cases of control group were
given placebo, after 6 months of treatment, there were
no significant difference in 6-MWD and pro-BNP
between the two groups(27). Our study found that
short-term thiamine supplementation significantly
improved 6 MWD in patients with CHF, but it did not
significantly improve the serum pro-BNP levels. There
are many possible explanations for this result. First,
thiamine is the essential factor for energy production,
especially in the heart, and thiamine supplementation
increases myocardial adenosine triphosphate levels
(28), thereby improving exercise capacity in patients
with CHF. Secondly, in our study, the serum thiamine
levels of the control group were significantly reduced
compared with the baseline period after 1 week of
furosemide treatment, but it did not reach the level of
thiamine deficiency. The deterioration of cardiac func-
tion mediated by thiamine deficiency did not occur, so
there was no significant change in pro-BNP levels.
The study also assessed the effects of pre-discharge
indicators on 30-day rehospitalization for CHF be-
cause of deterioration of heart failure. There was no
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significant difference in 30-day rehospitalization rates
between the two groups, but serum thiamine levels be-
fore discharge were related with 30-day rehospitaliza-
tion in patients with CHF. 'The relationship between
serum thiamine levels and prognosis in patients with
CHF has not been reported. However, studies have
shown that early thiamine use can improve short-term
survival in critically ill patients with acute kidney in-
jury (29). Our study has found the similar results in
patients with CHF. Studies have shown that thiamine
insufficiency, which is milder than thiamine deficiency,
does not cause classic clinical symptoms, but it in-
creases the risk of CHF (30).

Our findings were that there were 4 cases (6.67%)
of thiamine deficiency at the baseline period in the two
groups. Although we expected that many patients with
thiamine deficiency would appear in the control grou
after 1 week of furosemide treatment, the result w
that the 30 participants in the control group only ha
3 new patients with thiamine deficiency afte

deficiency may not be
apy (6). Differences between

Therefore, the relationship between diuretics
me levels in patients with CHF needs fur-

This study has several limitations. First, thiamine
cannot be synthesized by humans, and thiamine is
mainly consumed through diet, body stores are lim-
ited (32). However, during the study period, we did
not adopt a uniform diet for the participants, so the
dietary thiamine intake of each participant was dif-
ferent. Second, in this study, the duration of thiamine
intervention was 7 days, and short-term thiamine

supplementation may not be enough to significantly
influenced on MDA, hs-CRP, IL-6 and pro-BNP.
Third, the sample size of our study is limited, which
reduces the statistical power of COX regression analy-
sis. Fourth, although all participants were followed up
for 30-day, all participants did_not continue to take

blank control, which
results. Sixth, in this sf

b tandem mass spec-
'ty and accurate meas-

onclusion

In conclusion, the most important finding is that
thiamine supplementation could improve oxidative
stress and exercise capacity in hospitalized patients
with CHF in the short-term, but could not improve
inflammation. Second, serum thiamine levels before
discharge were independently associated with rehos-
pitalization within 30-day due to exacerbation of heart
failure. In addition, furosemide could significantly
reduce serum thiamine levels. Therefore, thiamine
supplementation is beneficial for patients with symp-
tomatic CHF treated with diuretics, and we suggest
that thiamine could be used as an adjuvant therapy for
CHFE
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