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Abstract. Background and aim: Thiamine has known antioxidative and anti-inflammatory effects. However, 
the effectiveness of thiamine supplementation and clinical outcome in chronic heart failure (CHF) are un-
clear. Therefore, this study focuses on evaluating the effect of short-term thiamine supplementation on oxi-
dative stress, inflammation, exercise capacity, and predicts the ability of rehospitalization within 30-day in 
patients with CHF. Methods: Sixty hospitalized patients with CHF were randomly divided into two groups. 
Both groups received conventional anti-heart failure treatment, but the thiamine group (n=30) received thia-
mine (100 mg/day) by intramuscular injection for 1 week, while the control group (n=30) did not do it. 
Serum thiamine, malondialdehyde (MDA), superoxide dismutase (SOD), high-sensitivity C-reactive pro-
tein (hs-CRP), interleukin-6 (IL-6), pro-B-type natriuretic peptide (pro-BNP) levels and 6-minute walking 
distance (6MWD) were detected in the two groups before and after the treatment, and all the participants 
were followed-up for 30-day after discharge. Results: After 1 week of treatment, serum thiamine levels were 
significantly decreased in control group compared with baseline (p<0.05), and the SOD levels and 6MWD 
in the thiamine group were significantly increased compared with the control group (p<0.05). Serum thia-
mine levels in the thiamine group were independent determinants of serum SOD levels (standardized coef-
ficient=0.4, p=0.022) and 6MWD (standardized coefficient=0.518, p=0.004) after thiamine supplementation. 
Serum thiamine levels before discharge (hazard ratio [HR], 0.957, 95% confidence interval [CI], 0.924 to 
0.992; p=0.016) was independently related to the rehospitalization within 30-day. Conclusions: In conclusion, 
short-term thiamine supplementation could improve oxidative stress and exercise capacity, and serum thia-
mine levels before discharge was an independent predictor of rehospitalization within 30-day. Meanwhile, 
furosemide could reduce serum thiamine levels in patients with CHF.
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Introduction

CHF is a progressive clinical syndrome. Over 
the past 70 years, there have been significant ad-
vances in drugs and device therapy, survival rates for 

patients with CHF have improved modestly, but the 
5-year mortality rate is still about 50% (1). Oxidative 
stress and inflammatory cytokines lead to ventricular 
remodeling and aggravate heart failure (2). The al-
leviation of inflammation 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 CHF.

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 CHF, 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 thiamine 
deficiency may increase the production of reactive 
oxygen species (ROS) in rats with heart failure, and 
thiamine deficiency rats have increased oxidative stress 
and decreased antioxidant capacity (8). ROS produc-
tion, free radical formation and lipid peroxidation are 
enhanced in thiamine deficiency, and thiamine has 
potential free radical cleaning activity (9). Excessive 
ROS may act as signaling molecules to trigger the pro-
duction of pro-inflammatory cytokines in CHF (10), 
and thiamine deficiency is associated with increased 
gene expression of pro-inflammatory cytokines (11). 
Many studies have shown that thiamine deficiency 
is an important factor leading to inflammation and 
oxidative stress in neurodegenerative diseases, and 
thiamine supplementation has potential antioxidant 
and anti-inflammatory effects in neurodegenerative 
diseases (12,13). However, studies on thiamine sup-
plementation on oxidative stress, inflammation, and 
prognosis in 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 CHF. 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 hospitalized and re-
ceived furosemide treatment in the Department of 
Cardiology, from September 2018 to October 2019 
were selected and divided into thiamine group and 
control group using a random number table. The in-
clusion criteria were as follows: aged 18 to 80 years, 
pro-BNP>300pg/mL, left ventricular ejection frac-
tion<40% (by echocardiography), New York Heart 
Association functional class Ⅲ to Ⅳ, shortness of 
breath or orthopnea, ankle edema, interstitial transu-
dation on chest radiography. Exclusion criteria were as 
follows: a major renal or liver failure, long-term drink-
ing, pregnancy, cancer, infectious diseases, patients 
who cannot walk independently, an acute myocar-
dial infarction or a cardiac surgery within the past 3 
months, intake of thiamine or antioxidant supplemen-
tations 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 at 
3000 g for 15 minutes, and serum frozen at -80℃ 
until assays were performed. Serum MDA levels were 
measured by the enzyme linked immunosorbent assay 

(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., Chongqing, China) on an automatic 
biochemical analyzer (model 7600; Hitachi, Ltd., 
Tokyo, Japan). Serum IL-6 levels were analyzed on 
a Roche Cobas 6000 analyzer (Roche Diagnostics, 
Basel, Switzerland) using the elecsys IL-6 kit (Roche 
Diagnostics, Mannheim, Germany) by electrochemi-
luminescence. Serum hs-CRP levels were measured 
by hs-CRP kit (Maccura Biotechnology Co., Ltd., 
Sichuan, China) with the latex particle-enhanced 
immunoturbidimetric assay on a Hitachi 7600 au-
toanalyzer (Hitachi, Tokyo, Japan). Serum pro-BNP 
levels were measured on a Roche Cobas 6000 ana-
lyzer (Roche Diagnostics, Basel, Switzerland) using 
elycsys pro-BNP Ⅱ kits (Roche Diagnostics, Man-
nheim, Germany) by electrochemiluminescence 

Enrollment

Allocation

Follow-Up

Analysis

Assessed  for eligibilty (n=60)

Randomized (n=60)

Allocated to thiamine group (n=30)

Analysed (n=30)
Excluded from analysis (n=0)

Analysed (n=30)
Excluded from analysis (n=0)

Lost to follow-up (n=0)
Discontinued intervention (n=0)

Lost to follow-up (n=0)
Discontinued intervention (n=0)

Allocated to control group (n=30)
Received allocated intervention (n=30) Received allocated intervention (n=30)

Did not receive allocated intervention (n=30) Did not receive allocated intervention (n=30)

Figure 1. Participant flow during the trial.
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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 significant correlation 
(P<0.1) in univariate were included in the multivari-
ate model. Probability was assessed using a two-tailed 
t-test. A value of P<0.05 was considered statistically 
significant.

Results

Sixty hospitalized CHF patients had completed 
this trial. The baseline period demographic data, labo-
ratory data and clinical characteristics were summa-
rized in Table 1, there was no significant differences 
in baseline characteristics between the two groups. 
Thiamine has few side effects at normal doses, mainly 
including allergic reactions, upset stomach, feeling of 
warmth, 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).

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 tested and 
recorded the 6MWD.

Statistical analysis

Statistical analyses were done with SPSS for 
Windows, version 22.0 (SPSS Inc., USA). Normal-
ity of distribution was assessed by the Shapiro-Wilk 
test and by visual inspection of plotted QQ plots. 
Continuous data are presented as mean ± standard 
deviation, student’s t-test was used to compare dif-
ferent parameters between the two groups, and paired 
t-test was used to compare different parameters before 
and after treatment in the same group. Categorical 
data was expressed as frequency and percentage, and 
Chi-square test and Fisher exact probability were used 
to compare categorical variables between two groups. 
Pearson’s linear correlations were used to evaluate the 
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 
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(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), 

As shown 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 

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±17.1 126.77±21.88 0.43

DBP (mmHg) 78.93±16.9 77.0±16.49 80.87±17.35 0.38

BMI (kg/m2) 21.29±2.44 21.04±1.95 21.54±2.87 0.429

Echocardiography

LVEF (%) 29.45±5.81 29.97±5.71 28.93±5.96 0.496

Laboratory data

Creatinine (mmol/L) 83.33±20.54 83.86±20.45 82.8±20.96 0.843

ALT (U/L) 34.35±15.77 31.94±14.14 36.76±17.15 0.24

AST (U/L) 33.0±11.86 30.07±11.08 35.91±12.07 0.056

Thiamine deficiency, (n%) 4 (6.67%) 3 (10%) 1 (3.33%) 0.612

Heart failure cause

Ischemic cardiomyopathy 27 (45%) 13 (43.33%) 14 (46.67%) 0.795

Dilated cardiomyopathy 12 (20%) 7 (23.33%) 5 (16.67%) 0.519

Heart valve disease 14 (23.33%) 8 (26.67%) 6 (20%) 0.542

Hypertensive heart disease 6 (10%) 2 (6.67%) 4 (13.33%) 0.671

Pulmonary heart disease 1 (1.67%) 0 (0%) 1 (3.33%) 1

NYHA class

Class III, n (%) 35 (58.33%) 16 (53.33%) 19 (63.33%) 0.432

Class IV, n (%) 25 (41.67%) 14 (46.67%) 11 (36.67%) 0.432

Medicationa

Beta-blocker, n (%) 22 (36.67%) 11 (36.67%) 11 (36.67%) 1

ACEI or ARB, n (%) 25 (41.67%) 13 (43.33%) 12 (40%) 0.793

Spironolactone, n (%) 28 (46.67%) 15 (50%) 13 (43.33%) 0.605

Loop diuretic, n (%) 31 (51.67%) 17 (56.67%) 14 (46.67%) 0.438

Abbreviations: Mean values ± standard deviation (SD) or percentage of patients. ALT, alanine aminotransferase; AST, aspartate aminotransferase; 
ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker. BMI, body mass index; DBP, diastolic blood pressure; FBG, 
fasting blood glucose; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; SBP, systolic blood pressure.
a Medication used in patients with chronic heart failure in the two weeks prior to hospitalization.RETRACTED
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Table 2. Serum thiamine levels and various indicators in the two groups at baseline and 1 week after thiamine supplementation.

Variable

Thiamine Group Control Group

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§ 4.8±0.84 4.46±0.6※

IL-6 (pg/mL) 11.36±3.33 6.75±2.21§ 11.29±3.2 7.61±2.33※

hs-CRP (mg/L) 9.25±2.89 5.36±1.6§ 9.56±2.64 5.97±1.31※

pro-BNP (pg/mL) 12340.7±6597.8 893.1±247.2§ 11429.6±6819.7 882.8±197※

6MWD (m) 193.3±22.6 410.7±19.7§ 196.5±25.7 391.4±37.9※

Abbreviations: Values are means ± standard deviation (SD). hs-CRP, high-sensitivity C-reactive protein; IL-6, Interleukin-6; MDA, malondialde-
hyde; pro-BNP, pro-B-type natriuretic peptide; SOD, superoxide dismutase; 6MWD, 6-minute walking distance.
§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 various indicators in the two groups before and after treatment.

Variable

Thiamine Group 
Baseline

Thiamine Group 1 
week

Control Group 
Baseline Control Group 1 week

r p r p r p r p

SOD (U/mL) 0.195 0.302 0.448 0.013 0.25 0.183 0.323 0.082

MDA (nmol/mL) -0.186 0.325 -0.3 0.108 -0.025 0.894 -0.231 0.219

IL-6 (pg/mL) -0.068 0.721 -0.159 0.401 -0.335 0.07 -0.265 0.157

hs-CRP (mg/L) 0.118 0.535 -0.251 0.181 -0.072 0.704 0.013 0.947

pro-BNP (pg/mL) -0.324 0.081 -0.39 0.033 -0.263 0.16 -0.314 0.091

6MWD (m) 0.311 0.095 0.596 0.001 0.116 0.542 0.29 0.12

Abbreviations: hs-CRP, high-sensitivity C-reactive protein; IL-6, Interleukin-6; MDA, malondialdehyde; pro-BNP, pro-B-type natriuretic peptide; 
SOD, superoxide dismutase; 6MWD, 6-minute walking distance.

Table 4. Univariable and multivariate regression analysis of serum SOD levels and 6MWD in thiamine group after thiamine 
supplementation for 1 week.

Variable

SOD 6MWD

Univariable Multivariable Univariable Multivariable

B P  β P B P β P

Age (Years) 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 R2=0.232 Adjusted R2=0.344

Abbreviations: B, unstandardized coefficient; β, standardized coefficient; pro-BNP, pro-B-type natriuretic peptide; SOD, superoxide dismutase; 
6MWD, 6-minute walking distance.
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Discussion

Our study mainly demonstrated that serum thia-
mine levels was a significant influence factor of SOD 
and 6MWD. In addition, serum thiamine levels before 
discharge was independently associated with rehospi-
talization within 30-day due to exacerbation of heart 
failure. Last, furosemide decreased serum thiamine 
levels.

The active form of thiamine in the body is thia-
mine diphosphate (ThDP), it acts as a coenzyme for 
transketolase (TKT) and for the α-ketoglutarate dehy-
drogenase and pyruvate dehydrogenase complex, en-
zymes that are key rate-limiting enzyme in the Krebs 
cycle and play a basic role in myocardial energy me-
tabolism (15). ROS mediates cardiac remodeling, and 
elevated ROS is the main source of oxidative stress 
(16), while nicotinamide adenine dinucleotide phos-
phate (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 

while 6MWD were significantly negatively correlated 
with serum pro-BNP levels (unstandardized coef-
ficient=-0.032, p=0.027) and significantly positively 
correlated with serum thiamine levels (unstandardized 
coefficient=0.725, p=0.001). Further, a multivariate lin-
ear regression analysis showed that the serum thiamine 
levels had a significant effect on SOD (standardized 
coefficient=0.4, p=0.022) and 6MWD (standardized 
coefficient=0.518, p=0.004) in the thiamine group 
after 1 week of treatment.

During the 30-day follow-up period, a total of 
10 patients in both groups were rehospitalization for 
CHF deterioration (3 in the thiamine group and 7 in 
the control group). As shown in Figure 2, although 
the thiamine group seemed to have advantages, 
Kaplan-Meier curve analysis showed that rehospitali-
zation rate for heart failure exacerbation no significant 
difference between the two groups after follow-up of 
30-day (log-rank, p=0.159).

As shown 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.
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Figure 2.  Kaplan-Meier curve of 30-day rehospitalization rate 
for both groups.
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Smithline HA et al injected thiamine 
(100 mg/day) for 2 days in patients with acute heart 
failure without thiamine deficiency, and the results 
showed that there was no significant decrease in pro-
BNP in the thiamine group compared with the control 
group (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 6MWD 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 

was significantly rose, while the antioxidant defense 
system was increased, and the myocardial contractil-
ity was enhanced (23). Similar to the results of those 
reports, our study has found that the serum SOD lev-
els of thiamine group were significantly increased than 
the control group after 1 week, but MDA levels were 
no significant difference. The main reason maybe our 
research intervention time was short, changes in MDA 
may not have been obvious nor had sufficient time to 
fully develop.

Gonzalez-ortiz M et al conducted a randomized, 
placebo-controlled clinical trial in 24 patients with 
type 2 diabetes mellitus, in which 12 subjects received 
thiamine orally once daily (150 mg) and 12 patients 
(control group) received placebo for 1 month which 
was no significant difference in IL-6 and hs-CRP 
(24). This study was consistent with our findings that 
thiamine supplementation did not significantly affect 
serum hs-CRP and IL-6 levels in patients with CHF. 
However, Amirani E et al divided 60 patients with 
gestational diabetes into two group, the intervention 
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-α 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.

Table 5. Predict the 30-day rehospitalization rate by univariate and multivariate Cox regression analysis.

Variable

Univariable Multivariable

 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 to 0.992) 0.016

SOD (U/mL) 0.969 (0.93 to 1.01) 0.139 — —

MDA (nmol/mL) 1.844 (0.618 to 5.497) 0.272 — —

IL-6 (pg/mL) 1.097 (0.84 to 1.433) 0.497 — —

hs-CRP (mg/L) 0.922 (0.605 to 1.405) 0.706 — —

pro-BNP (pg/mL) 1.003 (1.0 to 1.006) 0.048 1.003 (1.0 to 1.007) 0.053

6MWD (m) 0.992 (0.973 to 1.01) 0.373 — —

Abbreviations: hs-CRP, high-sensitivity C-reactive protein; IL-6, Interleukin-6; MDA, malondialdehyde; pro-BNP, pro-B-type natriuretic peptide; 
SOD, superoxide dismutase; 6MWD, 6-minute walking distance.
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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 
thiamine after discharge. Fifth, this study adopted 
blank control, which may lead to certain bias in the 
results. Sixth, in this study, serum thiamine levels were 
measured by ELISA, but studies showed that thiamine 
levels in foods and medicines measured by ELISA and 
liquid chromatography coupled to tandem mass spec-
trometry, which allows sensitivity and accurate meas-
urement serum thiamine, were highly correlated (33). 
Therefore, ELISA is a reliable and accurate method 
to detect serum thiamine levels. In a word, long du-
ration, placebo-controlled, double-blind, large sample 
size, randomized controlled trial are needed to further 
study.

Conclusion

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 
CHF.
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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 group 
after 1 week of furosemide treatment, the result was 
that the 30 participants in the control group only have 
3 new patients with thiamine deficiency after that. Al-
though thiamine levels in the control group did not 
reach the level of deficiency, they were significantly 
lower than at the baseline period, it was indicated that 
furosemide promoted thiamine excretion. This result 
was similar to the reported by Seligmann H et al, their 
study showed that furosemide treatment resulted in a 
significant reduction in thiamine levels (31). However, 
Yue QY et al showed that there was no difference in 
serum thiamine levels between heart failure patients 
who received furosemide therapy and patients with-
out heart failure, and thiamine deficiency may not be 
caused by furosemide therapy (6). Differences between 
the results of the various trials may be related to differ-
ences duration of the trials, different doses of diuretics 
used, sample size, and average daily dietary thiamine 
intake. Therefore, the relationship between diuretics 
and thiamine levels in patients with CHF needs fur-
ther study.

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 
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