
© 2018 Argan et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php  
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you 

hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission 
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Therapeutics and Clinical Risk Management 2018:14 1067–1073

Therapeutics and Clinical Risk Management Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
1067

O r i g i n a l  R e s e a rc  h

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/TCRM.S164200

Elevated levels of vitamin B12 in chronic stable 
heart failure: a marker for subclinical liver damage 
and impaired prognosis

Onur Argan1

Dilek Ural2

Kurtuluş Karauzum3

Serdar Bozyel4

Mujdat Aktas5

Irem Yilmaz Karauzum3

Güliz Kozdag3

Aysen Agacdiken Agir3

1Department of Cardiology, Kocaeli 
State Hospital, Kocaeli, Turkey; 2School 
of Medicine, Koc University, Istanbul, 
Turkey; 3Department of Cardiology, 
School of Medicine, Kocaeli University, 
Kocaeli, Turkey; 4Department of 
Cardiology, Derince Training and 
Research Hospital, Kocaeli, Turkey; 
5Department of Cardiology, Eregli 
State Hospital, Zonguldak, Turkey

Background: Elevated vitamin B12 is a sign for liver damage, but its significance in chronic 

stable heart failure (HF) is less known. The present study investigated the clinical correlates 

and prognostic significance of vitamin B12 levels in stable systolic HF.

Methods: A total of 129 consecutive patients with HF and 50 control subjects were enrolled. 

Data regarding demographics, clinical signs, therapeutic and conventional echocardiographic 

measurements were recorded for all patients. Right-sided HF was defined as the presence of at 

least one of the typical symptoms (ankle swelling) or specific signs (jugular venous distention 

or abdominojugular reflux) of right HF. Cox proportional hazards regression analyses were 

performed to determine the independent prognostic determinants of mortality.

Results: Baseline B12 levels in HF patients (n=129) with and without right sided HF were 

significantly higher compared to healthy controls (n=50): Median 311 pg/mL and 235 pg/mL 

vs 198 pg/mL, respectively (P=0.005). Folic acid levels were similar between the study groups. 

Age, ejection fraction, left atrial size, estimated glomerular filtration rate, and direct and indi-

rect bilirubin levels were significantly correlated to serum B12 level in univariate analysis. In 

multivariate analysis, independent correlates of B12 were direct bilirubin (R=0.51, P,0.001) 

and age (R=0.19, P=0.028). Patients with HF were followed-up for a median period of 32 

months. Median B12 levels were significantly higher in patients who subsequently died (n=35) 

compared to survivors, but folic acid was not different between the two groups. ROC analysis 

showed that B12 values $270 pg/mL had 80% sensitivity and 58% specificity for predicting 

all-cause mortality (area under the curve=0.672, 95% CI=0.562−0.781; P=0.003). However, 

in Cox regression analysis, only left atrial diameter, level of direct bilirubin, and the presence 

of abdominojugular reflux were independent predictors of death.

Conclusion: Increased B12 in stable HF patients is associated with increased direct bilirubin 

due to right HF, indicating a cardiohepatic syndrome, but neither B12 nor folic acid are inde-

pendently associated with mortality.
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Introduction
Anemia is a common co-morbidity in heart failure (HF), with a prevalence varying 

from 4% to 61%.1 It is more common in advanced HF, the elderly, and in patients with 

renal impairment, and is associated with advanced myocardial remodeling, inflamma-

tion, and volume overload.2,3 Anemia is an important prognostic indicator for greater 

risk of HF hospitalization and reduced survival. The most common form of anemia 

in HF is iron deficiency anemia, which – either with or without anemia – also has an 

independent detrimental impact on clinical outcome.4,5
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Other nutritional deficiencies, like B12 and folate deficien-

cies, are less well studied entities in HF. Theoretically, due to 

the increased frequency of nutritional deficiencies, a decrease 

in B12 and folic acid may be expected. However, studies on the 

prevalence of B12 and folic acid deficiency revealed opposite 

findings, and showed a prevalence of only 1.3%–8%.6–8 Fur-

thermore, higher concentrations of serum B12 were associated 

with the severity of HF, and showed a positive correlation with 

New York Heart Association (NYHA) functional class and 

NT-proBNP level. In contrast to iron deficiency, the prognostic 

value of B12 and folic acid was not significant.8

Increased levels of serum cobalamin are associated 

with malignancies, autoimmune diseases, and renal and 

liver failure.9,10 It is a marker for liver-cell damage, due to 

release of the vitamin from damaged liver cells.11 Higher 

vitamin B12 levels in acute HF have been attributed to liver 

congestion and liver function abnormalities.12,13 However, 

the status in chronic stable HF is less clear. Similar to acute 

decompensated HF patients, B12 levels in chronic stable 

HF patients may be associated with right-sided HF and liver 

congestion/damage; on the contrary, an increase of vitamin 

B12 may be a prognostic indicator for impaired survival in 

HF patients. In the present study, we investigated clinical 

correlates and prognostic value of vitamin B12 and folic acid 

levels in chronic systolic HF patients, with a special focus 

on the relation to right-sided HF.

Methods
Study population
The study group consisted of consecutive HF patients admit-

ted to the Department of Cardiology, School of Medicine, 

Kocaeli University between January 2013 and December 

2013. Inclusion criteria were chronic stable HF with echocar-

diographic findings of reduced left ventricular ejection 

fraction (#45%), and symptoms with a functional class of 

NYHA II–IV. Exclusion criteria included HF with preserved 

ejection fraction, acute decompensated HF, prior myocardial 

infarction within the last 6 months, myocarditis, uncontrolled 

hypertension, active infection, hypertrophic and restrictive 

cardiomyopathy, clinically significant heart valve disease, 

renal failure requiring dialysis, malignancies, connective 

tissue-inflammatory and autoimmune diseases, pregnancy, 

and treatment for anemia within the last 12 months.

Data regarding demographics, clinical signs, and thera-

peutic and conventional echocardiographic measurements 

were recorded for all patients. Right-sided HF was defined 

as the presence of at least one of the typical symptoms (ankle 

swelling) or specific signs (jugular venous distention or 

abdominojugular reflux) of right HF.

A gender matched healthy group served as controls for 

comparison of B12 and folic acid levels.

Laboratory measurements
Fasting venous blood samples were drawn from the study par-

ticipants and analyzed on the same day. Renal function was 

assessed using the estimated glomerular filtration rate (eGFR), 

calculated with the Chronic Kidney Disease Epidemiology 

Collaboration (CKD-EPI) formula. Whole blood counts 

were determined using an automated blood cell counter. 

Anemia was defined as a hemoglobin level ,12 g/dL in 

women and ,13 g/dL in men.14 Ferritin, vitamin B12, folic 

acid, and NT-proBNP levels were estimated by chemilumi-

nescence using the Beckman Coulter Access Immunoassay 

Systems. Iron and iron binding capacity were measured with 

Roche Cobas C 702 System. Iron deficiency was defined as 

a serum ferritin level ,100 ng/mL for absolute deficiency, 

and 100–299 ng/mL with a transferrin saturation ,20% 

for functional iron deficiency.4,5 The reference interval for 

vitamin B12 by the manufacturer was 180–914 pg/mL. 

Vitamin B12 deficiency was defined as ,200 pg/mL, and 

folic acid deficiency was defined as ,4.0 ng/mL.15,16

An endpoint of the study was all-cause mortality. Patients 

were followed-up until April 2017 by outpatient visits or by 

phone contact if they were not able to come for visits.

The study was approved by the institutional review board 

of the Kocaeli University and was in accordance with the 

principles of the Helsinki Declaration. Written informed con-

sent was obtained from each patient before data collection.

Statistical analysis
All analyses were performed using SPSS 20.0 statistical soft-

ware package (IBM Corporation, Armonk, NY, USA). Con-

tinuous variables are presented as mean and standard deviation 

when normally distributed, and as median and 25th–75th per-

centiles when non-normally distributed. Categorical variables 

are given as percentages. Patient groups and controls were 

compared by Student’s t-test or Mann–Whitney U-test when 

appropriate. The chi-square test was used for the comparison 

of categorical variables. Significant correlates of vitamin B12 

were assessed with the univariate linear regression model 

using all clinical, echocardiographic, and laboratory variables 

as covariates. Variables with a significant univariable cor-

relation (P,0.10) were entered in the multivariable linear 

regression model. Receiver operating characteristic curve 

(ROC) analysis was performed to assess the cut-off value of 

vitamin B12 for predicting all-cause mortality. The Kaplan–

Meier method was used to determine cumulative probability 

of all-cause mortality according to serum vitamin B12 level, 
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and the survival curves were compared by the log-rank test. 

Cox proportional hazard regression model, adjusted for 

age, gender, presence of right HF, coronary artery disease, 

angiotensin converting enzyme (ACE)-inhibitor/angiotensin 

receptor blocker, beta-blocker, mineralocorticoid receptor 

antagonist usage, atrial fibrillation, systolic blood pres-

sure, sodium, eGFR, NT-proBNP, hs-CRP, direct bilirubin, 

serum B12, ejection fraction, left ventricular end-diastolic 

diameter, left atrial diameter, right ventricular diameter, and 

pulmonary artery systolic pressure, was used to determine the 

independent prognostic determinants of mortality. A two-sided 

P-value ,0.05 was accepted as statistically significant.

All authors had full access to all the data in the study, 

and took responsibility for the integrity of data and accuracy 

of data analysis.

Results
The study group consisted of 129 chronic stable HF patients 

and 50 healthy subjects. Baseline characteristics of the HF 

patients and controls are shown in Table 1. Mean NYHA 

functional class of the heart failure with reduced ejection 

fraction (HFrEF) patients was 2.7±0.4, and 71 of them (55%) 

had symptoms or signs of right HF. Anemia was present in 

64 (49.6%) of the patients and in six (12%) of the controls 

(P,0.001). Most of the HFrEF patients had iron deficiency 

(108; 83.7%). Serum vitamin B12 deficiency was significantly 

less frequent in HFrEF patients compared to controls (35 

patients [27%] vs 24 controls [48%] respectively; P=0.006), 

and folic acid deficiency was similar between the two groups 

(10 patients [8%] vs 1 control [2%]; P=0.184). A total of 

43 patients (33%) had received an implantable cardioverter 

defibrillator and/or cardiac resynchronization therapy. Median 

B12 levels were not different between those who had and 

had not received a device therapy (245 pg/mL vs 272 pg/mL, 

respectively; P=0.680). On the contrary, B12 levels in HFrEF 

patients with and without right HF were significantly higher 

compared to controls (HFrEF with right HF: median 311 pg/

mL [220–449], HFrEF without right HF: median 235 pg/mL 

[178–392]; P=0.022), and all five cases with a B12 level higher 

than 800 pg/mL were in the HFrEF group (Figure 1).

Significant univariate and multivariate clinical, echocar-

diographic, and laboratory correlates with serum vitamin 

B12 in HFrEF patients are presented in Table 2. Age, ejec-

tion fraction, left atrial size, eGFR, and direct and indirect 

bilirubin levels were significantly correlated to B12 level in 

univariate analysis. In multivariate analysis, direct bilirubin 

and age appeared as the two independent correlates with the 

B12 level in HFrEF patients (R=0.51, P,0.001 and R=0.19, 

P=0.028, respectively). Right HF, per se, showed a modest 

association with B12 level (R=0.205, P=0.033) in univariate 

analysis, but lost its statistical significance in multivariate 

analysis. Similarly, direct bilirubin – the main correlate of 

serum B12 level – was significantly associated with right HF 

(R=0.21, P=0.020) in univariate analysis, but in multivariate 

analysis, transaminases, total cholesterol, and – among the 

individual signs of right HF – the presence of abdominojugu-

lar reflux emerged as the independent correlates of direct 

bilirubin (R=0.744; P,0.001).

The HFrEF group was followed-up for a median duration 

of 32 (17−44) months. Mortality data were available for all 

patients, and death occurred in 35 patients (27%). Serum 

vitamin B12 levels were significantly higher in who subse-

quently died compared to survivors (373 [274−477] pg/mL 

vs 247 [182−388] pg/mL; P=0.003) (Figure 2), but folic 

acid was not different between the two groups (7.1 [5.1−9.7] 

pg/mL vs 7.9 [5.9−10.6] pg/mL; P=0.379). Highest serum 

B12 levels were observed in deceased patients with right HF. 

ROC curve analysis showed that values of serum B12 $270 

pg/mL had 80% sensitivity and 58% specificity for predict-

ing all-cause mortality (area under the curve [AUC]=0.672, 

95% CI=0.562−0.781; P=0.003). In Kaplan–Meier analysis, 

event-free survival was significantly lower in patients with 

a serum B12 $270 pg/mL than in patients with serum B12 

levels ,270 pg/mL (mortality-free survival rate 53% vs 85%, 

P,0.001) (Figure 3). In Cox regression analysis, independent 

determinants of death were left atrial diameter (exp(B)=1.111, 

95% CI=1.058−1.167; P,0.001), level of direct biliru-

bin (exp(B)=1.869, 95% CI=1.282−2.724; P=0.001), and 

presence of abdominojugular reflux (exp(B)=3.502, 95% 

CI=1.672−7.334; P=0.001), whereas B12 level did not show 

a significant independent association to all-cause mortality.

Discussion
Findings of this study show that vitamin B12 and folate defi-

ciency are infrequent (27% and 8%, respectively) in chronic 

HFrEF patients, and, in fact, increased B12 levels are more 

prevalent in patients with specifically right HF. The main 

correlate of serum vitamin B12 level was direct bilirubin, 

which was significantly associated with the presence of 

abdominojugular reflux and other metabolic findings of liver 

dysfunction (ie, elevation in transaminases and decrease in 

total cholesterol). Vitamin B12 and folic acid were not inde-

pendent determinants of long-term mortality, but B12 levels 

were significantly increased in deceased HFrEF patients, 

particularly in the presence of right HF.

These findings confirm previous studies that had reported 

a positive correlation between serum B12 level and severity 

of HF,8,17 and further show a direct relationship between 
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elevated B12 levels, signs of right HF, and liver function 

abnormalities (eg, direct bilirubin levels). The initial report 

on the serum cyanocobalamin as an index of hepatic damage 

in severe HF was published by Rachmilewitz et al12 in 1959. 

Their study consisted of 28 decompensated HF patients with 

marked hepatomegaly, and their serum cyanocobalamin 

levels – ranging from 500–3,500 mcg/mL before treatment – 

decreased significantly after diuresis. During the following 

Table 1 Baseline characteristics of the HFrEF patients and control group

Variables HFrEF
(n=129)

Control group
(n=50)

P-value

Demographic and clinical characteristics
Age (years) 65±12 49±12 ,0.001
Male 73 (57%) 22 (44%) 0.130
Body mass index (kg/m2) 26.8 (23.9–29.0) 26.5 (24.2–28.1) 0.799
Right-sided heart failure 71 (55%) 0% ,0.001
Hypertension 98 (76%) 0% ,0.001
Diabetes mellitus 53 (41%) 0% ,0.001
Ischemic etiology 70 (54%) 0% ,0.001
Atrial fibrillation 61 (47%) 0% ,0.001

Echocardiographic characteristics
Ejection fraction (%) 25 (20–40) 70 (65–76) ,0.001
Left ventricular end-diastolic diameter (mm) 58±10 46±5 ,0.001
Left atrium diameter (mm) 48 (42–54) 36 (34–38) ,0.001
Right ventricle outflow tract diameter (mm) 27 (25–30) 24 (22–25) ,0.001
Pulmonary artery systolic pressure (mmHg) 40 (25–50) 20 (20–25) ,0.001

Medications
ACE-I/ARB 75 (58%) 0 (0%) ,0.001
Beta-blockers 101 (78%) 0 (0%) ,0.001
MRAs 21 (16%) 0 (0%) 0.002
Statins 42 (33%) 0 (0%) ,0.001
Digoxin 21 (16%) 0 (0%) 0.002
Loop diuretics 104 (81%) 0 (0%) ,0.001
Warfarin 50 (39%) 0 (0%) ,0.001
ICD/CRT 43 (33%) 0 (0%) ,0.001

Laboratory analysis
NT-proBNP (pg/mL) 1,390 (443–4,290) 61 (25–105) ,0.001
eGFR (mL/min) 65 (43–89) 101 (88–107) ,0.001
Uric acid (mg/dL) 7.4±2.7 5.3±1.5 ,0.001
Sodium (mEq/L) 136 (134–138) 138 (138–139) ,0.001
Hs-CRP (mg/dL) 0.90 (0.27–2.93) 0.29 (0.09–0.55) ,0.001
AST (U/L) 19 (15–27) 18 (15–22) 0.321
ALT (U/L) 16 (12–26) 19 (14–29) 0.247
Direct bilirubin (mg/dL) 0.4 (0.2–0.6) 0.2 (0.2–0.3) ,0.001
Indirect bilirubin (mg/dL) 0.3 (0.2–0.5) 0.3 (0.2–0.4) 0.073
INR 1.14 (1.05–1.31) 0.99 (0.96–1.03) ,0.001
Albumin (mg/dL) 3.6±0.6 4.3±0.3 ,0.001
Total cholesterol (mg/dL) 158±45 199±34 ,0.001

Hematological and hematinic parameters
Hemoglobin (g/dL) 12.6±2.0 13.6±1.3 0.003
MCV (10 fL) 86 (82–93) 90 (85–93) 0.031
Platelets (103 µL) 235 (200–290) 253 (217–321) 0.099
Ferritin (µg/L) 48 (31–85) 29 (13–62) ,0.001
Transferrin saturation (%) 15 (10–23) 21 (13–30) 0.022
Folic acid (ng/mL) 7.7 (5.8–10.1) 8.5 (6.4–10.5) 0.305
B12 (pg/mL) 271 (188–415) 198 (140–321) 0.005

Abbreviations: ACE-I/ARB, angiotensin converting enzyme inhibitors/angiotensin receptor blockers; ALT, alanine aminotransferase; AST, aspartate aminotransferase; 
eGFR, estimated glomerular filtration rate; HFrEF, heart failure with reduced ejection fraction; Hs-CRP, high sensitive C-reactive protein; ICD/CRT, implantable cardioverter 
defibrillator/cardiac resynchronization therapy; INR, international normalized ratio; MCV, mean corpuscular volume; MRAs, mineralocorticoid receptor antagonists; 
NT-proBNP, N-terminal prohormone of brain natiuretic peptide.
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years, most of the attention was paid to hyperhomocysteine-

mia and anemia studies, and the report of Rachmilewitz et al12 

was followed by a few studies that showed similar associa-

tions with B12 and HF severity.8,13,17 Two of these three stud-

ies assessed the relationship of B12 level to liver function 

tests,13,17 and showed significant relationships to transami-

nases, gamma-glutamyl transferase levels, and to total 

bilirubin level in decompensated patients with biventricular 

failure. As acute HF is associated with an increase in these 

parameters, their changes after treatment and their effect on 

B12 levels would be important. Unfortunately, none of the 

studies reported changes after stabilization of the patients.

The patients included in this study were stable outpatient 

HFrEF patients with either no, or mild, signs of clinical 

right HF. Therefore, we had to define right-sided HF as the 

presence of at least one of the typical (ankle swelling) or 

specific signs (jugular venous distention or abdominojugular 

reflux) of right HF. Likewise, total bilirubin of the patient 

group was either normal or only slightly exceeding the nor-

mal range. Interestingly, the median direct bilirubin level of 

HFrEF patients was significantly higher than the controls, 

despite being only slightly more elevated than the normal 

Figure 1 Serum vitamin B12 level in controls and in HFrEF patients with and 
without right-sided HF.
Abbreviations: HFrEF, heart failure with reduced ejection fraction; HF, heart failure.

Table 2 Significant univariate and multivariate correlates of vitamin B12 in HFrEF patients

Variables Univariate regression
coefficient (95% CI)

P-value Multivariate regression
coefficient (95% CI)

P-value

Age 5.6 (1.5 to 9.7) 0.008 2.9 (0.32–5.53) 0.028
Ejection fraction 5.1 (-0.61 to 10.7) 0.079

Left atrium diameter 5.5 (-0.25 to 11.3) 0.060

eGFR 1.69 (0.07 to 3.31) 0.041
Direct bilirubin 223 (139 to 305) ,0.001 138 (96–180) ,0.001

Indirect bilirubin -165 (-340 to 10.4) 0.065

Abbreviations: HFrEF, heart failure with reduced ejection fraction; CI, confidence interval; eGFR, estimated glomerular filtration rate.

upper limit. Direct hyperbilirubinemia is increasingly 

recognized as an indirect marker of right heart dynamics 

and a prognostic indicator for HF.18,19 It is observed in 

patients with clinical signs of increased right-sided pressure, 

and is commonly accompanied by other parameters of HF 

severity, like increased plasma renin activity and decreased 

total cholesterol. The lack of an independent association 

between B12 level and clinical right HF, but a significant 

relationship to mildly increased direct bilirubin levels, 

indicate that a possible ongoing occult liver injury due to 

subclinical hepatic congestion is the main determinant of 

B12 elevation in these patients.20

Serum B12 level did not show an independent association 

with all-cause mortality, and its significant univariate associa-

tion with the prognosis seems to be secondary to metabolic 

abnormalities due to subclinical liver dysfunction in HFrEF 

patients. In ROC analysis, a B12 level $270 pg/mL could suc-

cessfully predict all-cause mortality. These findings were simi-

lar to the results of van der Wal et al’s8 study, which also had 

not been able to detect an independent relationship of serum 

B12 to mortality. However, our cut-off value for predicting 

mortality is much lower than the value (.600 pg/mL) identi-

fied in their study. Interestingly, despite being higher than in 

the control group, the median B12 level in our HFrEF patients 

is in the range of the lowest quartile of their study, suggesting 

a possible dietary differences between the study groups.

Elevated vitamin B12 is a frequent and understated abnor-

mality, observed mainly in hepatocellular carcinomas and 

metastatic colon, breast, and pancreatic cancer. Its clinical 

presentation may be paradoxical with clinical signs of B12 

deficiency, but lack a decrease in serum B12 levels.21,22 The 

underlying pathophysiological mechanisms include excess 

production of inactive transcobalamines in inflammation, 

hepatic release in liver damage, and defects in clearance, 

like in renal failure. Significant elevation in serum B12 level 

(.800 pg/mL) is accepted as an early sign for an underly-

ing severe condition. In this study, significant B12 elevation 

was observed in only five patients, three of whom died in 
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the follow-up period. Most of the other patients showed 

only mild, clinically inconspicuous elevations compared 

to the control group, precluding usage of B12 as a marker. 

Nevertheless, an accompanying mild increase in direct bili-

rubin should alert clinicians, even in the presence of normal 

clinical signs in HF, and these patients may require a closer 

follow-up.

Limitations
The study has several limitations. The total number of 

the patients and the controls included in the study is rela-

tively low. As we wanted to evaluate thoroughly healthy 

individuals, we recruited a relatively younger control group 

from an outpatient clinic. The true incidence of B12 defi-

ciency in the general population is unknown, but it seems 

to increase with advancing age. In one study, 15% of adults 

older than 65 years had vitamin B12 deficiency.23 We did 

not measure homocysteine level, and could not assess its 

relationship to B12 level. The sensitivity of homocysteine 

levels for identifying vitamin B12 deficiency is greater 

than 95%, and accepting a B12 level ,200 pg/mL without 

measuring homocyteine level may be misleading to diag-

nose true B12 deficiency. Nevertheless, previous studies 

on the level of homocysteine in patients with HF showed a 

consistent progressive increase in homocysteine levels with 

worsening functional capacity and poor survival. Data on 

the B12 level was rather vague, and, considering the older 

age of the patients and the increase in homocysteine level, 

a decrease in B12 level would be more rational. Unex-

pectedly, studies on HF and findings of our study did not 

confirm this hypothesis. Homocysteine and B12 in chronic 

HF were evaluated in the study of Herrmann et al,17 and 

they showed total homocysteine, but not folate and B12, is 

related to the severity of HF. Similar to our findings, they 

also observed an increase in B12 with NYHA class, and 

a negative correlation with EF. Lack of liver imaging is 

another limitation to demonstrate a significant association 

with B12 elevation, subclinical hepatic congestion, and 

impaired mortality.

Conclusion
In patients with chronic stable HF, B12 and folic acid defi-

ciencies are uncommon diseases. Mild elevation in serum 

vitamin B12 levels is associated with clinical signs of right 

HF and slightly increased direct bilirubin levels, indicating 

a subclinical cardiohepatic syndrome, but it is not an inde-

pendent predictor for increased all-cause mortality.
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Figure 2 B12 levels in patients who subsequently died and survived HFrEF patients.
Abbreviations: HFrEF, heart failure with reduced ejection fraction; HF, heart failure.
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