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Abstract 
Introduction: Iron deficiency (ID) is often present (32% - 65%) in patients 
with heart failure (HF). Oral iron absorption in patients with HF is generally 
poor. This is the reason why oral treatment is not recommended. Aim: To test 
whether oral iron succinate significantly increases iron deposits in non-anaaemic 
patients with HF. Methods: ID was defined as ferritin < 100 μg/L or 100 - 299 
μg/L with transferrin saturation (TSAT) < 20%. Forty-two patients were 
screened. Ferrous succinate was administered as one tablet (100 mg, includ-
ing 32.48 mg Fe2+ plus 100 mg succinate) in the morning and one tablet at 
bedtime for at least 3 months. Hemoglobin, CRP, ferritin, iron, TSAT, and 
hepcidin were analyzed before starting treatment, at 6 weeks, and at 3 months 
end of study (EOS). Results: Five women and 15 men were included in the 
study. The level of ferritin increased significantly from baseline to 6 weeks (47 
to 78 µg/L, p = 0.009) and baseline to EOS (47 to 85 µg/L, p = 0.001). TSAT 
increased significantly from baseline to 6 weeks (20% to 27%, p = 0.046) and 
baseline to EOS (20% to 25%, p = 0.043). Hepcidin increased significantly 
from baseline to 6 weeks (2.5 nmol/L to 4.8 nmol/L, p = 0.006) and baseline 
to EOS (2.5 to 4.2 nmol/L, p = 0.02). Conclusion: Oral iron succinate signif-
icantly increased iron uptake, almost doubling the ferritin levels and increas-
ing the TSAT, in patients with HF. Our findings challenge the opinion that 
oral iron treatment cannot significantly increase iron deposits in non-anemic 
patients with ID and HF. 
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1. Introduction 

Iron plays a central role in oxygen availability and usage in the myocardium. In 
addition to the crucial role of iron in blood formation, it is also important in the 
Krebs cycle. ID is accompanied by decreased quality of life, functional capacity, 
and increased morbidity regardless of the presence of anemia [1]. Recent trials of 
long-term intravenous therapy with ferric carboxymaltose have shown beneficial 
symptomatic and morbidity effects in patients with iron deficiency (ID) and HF 
regardless of hemoglobin status [1] [2]. 

The absorption of oral iron preparations is generally poor in patients with HF 
and is associated with side effects, which may affect compliance [3]. HF is also 
regarded as a condition with an increased inflammatory response and subse-
quent elevation of hepcidin levels, which further impair iron absorption [4]. 
High dose oral iron polysaccharide was tested in patients with ID and regardless 
of hemoglobin status and oral iron polysaccharide did not improve exercise ca-
pacity over 16 weeks, and had marginal uptake in iron deposits [5]. Their results 
did not support the use of oral iron supplementation in patients with ID and HF 
with reduced ejection fraction (HFrEF). The general recommendation as de-
scribed in the European Society of Cariology guidelines for treatment of ID in 
patients with HF is to use intravenous ferric carboxymaltose [6], and oral treat-
ment is not recommended. 

For iron absorption, the type of iron complex used is important, as the dis-
sociation of this complex is of great importance to iron uptake. This was shown 
early by Brise and Hallberg [7]. They found that iron succinate seemed to have 
the most favorable uptake compared to other iron compounds, possibly through 
an effect of succinate on intracellular transport mechanisms, regardless of whether 
iron was given orally or intravenously [8]. New insights into the role of the 
possible contribution of succinate to blood stem cell function and blood forma-
tion indicate the need to study its potential in patients with HF and ID [9]. Us-
ing iron succinate may thus challenge the recommendation that oral iron thera-
py cannot be adequately taken up in patients with HF. As iron succinate has not 
been tested previously in patients with ID and HF, our hypothesis was that oral 
iron succinate might give a better iron uptake than in other reported studies of 
oral iron compounds for the treatment of ID in patients with HF.  

2. Aim 

Our primary aim was to test whether iron succinate could significantly increase 
iron deposits as indicated by ferritin levels in patients with HF after 3 months of 
treatment. A second aim was to explore iron uptake after 6 weeks. 

3. Methods 

At the Department of Medicine-Geriatric, Skelleftea, 304 patients (140 hospita-
lized and 164 outpatients) were registered from 2017 until January 2019 with a 
primary or secondary diagnosis of HF. Of these, 262 had no ID, or too low he-

https://doi.org/10.4236/wjcd.2021.111002


K. Boman, M. Olofsson 
 

 

DOI: 10.4236/wjcd.2021.111002 13 World Journal of Cardiovascular Diseases 
 

moglobin or other contraindication for participation. Thus, 42 patients was 
identified from the case records who might be eligible for participation, based on 
the following inclusion criteria: case record diagnosis of HF based on symptoms, 
echocardiography (ECHO) verified reduced cardiac function as systolic and/or 
diastolic dysfunction, ferritin < 100 μg/L or 100 - 299 μg /L with transferrin sa-
turation (TSAT) < 20%. Both preserved ejection fraction (EF) and reduced EF 
were potentially eligible provided there were no contraindications to participate. 
Those with an EF ≤ 40% were classified as HFrEF, and those with EF > 40% were 
classified as HF with preserved EF (HFpEF). When EF was described as normal 
or mildly reduced, these patients were classified as having HFpEF. Those with 
moderately or severely reduced EF were classified as HFrEF. Patients with a 
primary diagnosis of cancer, dementia, or some other terminal disease were ex-
cluded, as were patients planning to undergo intravenous iron treatment or to 
take part in another study. Patients with anemia (hemoglobin < 120 g/L for fe-
males and <130 g/L for males) were also excluded because the new indication for 
treatment of HF is ID regardless of the presence of anemia [1] [2]. 

The 42 eligible patients were called by phone and informed of the study. After 
giving oral and written consent to participate, blood sampling was performed to 
confirm or reject the presence of non-anemic ID, 21 patients did not have ID 
and one did not want to participate in the study. Thus, 20 patients fulfilled the 
criteria for enrollment in the study. Patients were managed according to general 
treatment guidelines at the hospital and/or health care centers. They were in-
structed not to change their dietary habits. 

The study was planned as an open pilot study without placebo control. At the 
research unit of the Department of Medicine-Geriatric, a special heart failure 
case record with laboratory data was filled out before starting the study, after 6 
weeks, and after 3 months (±2 weeks; end of study [EOS]). Adverse reactions 
and side effects were recorded at each visit. Criteria for stopping the treatment 
were severe side effects or adverse reactions, or the patients wishing to stop the 
trial. Dosing of ferrous succinate was one tablet (100 mg, including 32.48 mg 
Fe2+ plus 100 mg succinate) in the morning and one tablet at bedtime for at least 
3 months, and not with ordinary meals. Compliance was checked at 6 weeks and 
3 month by pill counting. 

Blood sampling was performed before 10:00 am according to local and current 
guidelines. The blood was centrifuged, divided into aliquots, and stored at −80˚C 
in a safe deposit box (Biobank Norr) until analysis. Hemoglobin, C-reactive 
protein (CRP), ferritin, plasma iron, TSAT, and hepcidin were analyzed before 
start, at 6 weeks, and at 3 months. Hemoglobin was analyzed locally at each visit. 
At EOS, hepcidin was analyzed at Laboratory Medicine, Skane, by LC-MS/MS 
[10] and plasma ferritin, iron, and transferrin were analyzed and TSAT calcu-
lated at Laboratory Medicine, Uppsala University Hospital. 

From an earlier investigation we had found that patients with HF had a mean 
ferritin value of approximately 50 μg/L (personell communication). We hy-
pothesized that a clinically meaning increase should be 25 μg/L, a relative in-
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crease of 50%. A non-parametric test with 95% power and a p-value < 0.05 re-
quired at least 16 patients. We assumed that 4 patients may have to stop medica-
tion and planned 20 patients for the study. All analyses were performed accord-
ing to the intention-to-treat analysis. Continuous variables are presented as 
mean ± standard deviation for normally distributed values, median and inter-
quartile range for skewed variables, and number and percentage for categorical 
variables. Due to skewed variables for ferritin and TSAT, a non-parametric test 
was used for related or independent data. Data were analyzed using IBM SPSS 
Software version 24 (IBM Corp. Chicago, Illinois, USA). 

All patients provided written informed consent, and the ethical committee of 
Umeå University approved the study (DNR 2018-119-31M). Approval was also 
obtained from Swedish Medical Product Agency. Diary number 5.1-2018-21157. 

4. Results 

In this study 20 patients participated and the first patient was included on 4 Oc-
tober 2018 and the last on 1 February 2019. The baseline characteristics are given 
in Table 1.  
 
Table 1. Baseline characteristics of non-anaemic patients with heart failure and iron defi-
ciency. 

Number of patients 20 

Mean age, years ± SD 72.7 ± 8.6 

Male 15 (75) 

Women 5 (25) 

HFpEF > 40% 9 (45) 

HFrEF ≤ 40% 11 (55) 

Iron deficiency 17 (85) 

Functional iron deficiency 3 (15) 

History of hypertension 12 (60) 

History of atrial fibrillation 9 (45) 

History of type II diabetes 9 (45) 

History of valvular disorder 1 (5) 

NYHA Class  

1 1 (5) 

2 9 (48) 

3 8 (42) 

4 1 (5) 

Symptoms  

Breathlessness 18 (90) 

Tiredness 16 (80) 

Stomach pain 2 (10) 

Constipation 4 (20) 

Diarrhea 1 (5) 

HFrEF = heart failure with reduced ejection fraction, HFpEF = heart failure with preserved ejection frac-
tion, NYHA = New York Heart Association. Data are given as n (%) unless otherwise noted. 
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The level of ferritin increased significantly from baseline to 6 weeks (47 to 78 
µg/L, p = 0.009) and baseline to EOS (47 to 85 µg/L, p = 0.001). TSAT increased 
significantly from baseline to 6 weeks (20% to 27%, p = 0.046) and baseline to 
EOS (20% to 25%, p = 0.043). Hepcidin also increased significantly from base-
line to 6 weeks (2.5 nmol/L to 4.8 nmol/L, p = 0.006) and baseline to EOS (2.5 to 
4.2 nmol/L, p = 0.026). Other laboratory results are given in Table 2. The patient 
with the highest ferritin level (334 µg/L at 12 weeks, baseline 46 µg/L) had an in-
creased hepcidin level at EOS (from 1.1 to 8.8 nmol/L). This patient suffered 
from restless legs, which disappeared during the study without any adverse reac-
tions. Both women and men had significantly increased ferritin levels from base-
line to EOS (p = 0.043 and p = 0.001, respectively). There were also significant 
increases in ferritin levels from baseline to EOS in patients with HFpEF and 
HFrEF (p = 0.008 and p = 0.003, respectively). Four patients stopped the study 
medication before EOS; three patients because of vomiting or diarrhea and one 
patient because of hospitalization for a disease other than HF. One patient 
stopped the study medication after 3.5 weeks but still had an increased ferritin 
level (from 198 to 237 µg/L) and TSAT (from 16% to 21%) at EOS. Three pa-
tients took only one tablet per day for 2.5, 6, or 7.5 weeks but still had increased 
ferritin levels from baseline to EOS (38%, 174%, and 95%, respectively). Thirteen 
patients took the study medication according to the protocol for 12 weeks and 
had a median ferritin level of 42 (32 - 57.5) µg/L at baseline, 83 (61 - 110.5) µg/L 
at 6 weeks, and 87 µg/L (77 - 139) at EOS compared to the median ferritin level 
of 85 µg/L for the intention-to-treat patients. In those 16 patients who completed 
the study the study compliance was >80%. 

5. Discussion 

The main finding was a highly significant increase in ferritin levels after 3 
months of iron succinate treatment. TSAT also significantly increased. Thus, the 
null hypothesis was rejected. Moreover, significant uptake was evident already 
after 6 weeks. This is in contrast to the recommendation that oral iron substitu-
tion cannot improve ID in patients with HF. The increase in ferritin levels seemed  
 
Table 2. Laboratory results for all patients at baseline, six weeks and three months. 

 Baseline (IQR) 6 weeks (IQR) p-valuea 3 months (IQR) p-valueb 

Hemoglobin, g/L 144 (135 - 155) 138 (129 - 150) 0.301 142 (131 - 152) 0.461 

Iron, µmol/L 13.5 (10.2 - 19.8) 16.5 (13.2 - 23.0) 0.102 16.0 (13.0 - 24.0) 0.096 

Ferritin, µg/L 47 (32 - 78) 78 (57 - 113) 0.009 85 (62 - 171) 0.001 

Transferrin, g/L 2.6 (2.4 - 2.9) 2.4 (2.2 - 2.7) 0.038 2.3 (2.0 - 2.5) 0.009 

TSAT, % 20 (15 - 30) 27 (21 - 33) 0.046 25 (21 - 44) 0.043 

Hepcidin, nmol/L 2.5 (0.8 - 4.4) 4.8 (3.0 - 7.4) 0.006 4.2 (2.0 - 8.8) 0.026 

hsCRP, mg/L 2.0 (0.9 - 4.2) 2.0 (1.2 - 5.5) 0.565 1.9 (0.8 - 4.1) 0.841 

IQR = interquartile range, TSAT = transferrin saturation, hsCRP = high sensitive C-reactive protein. aBase-
line to 6 weeks, bBaseline to 12 weeks. 
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to be of about the same magnitude, regardless of whether the patients suffered 
from HFpEF or HFrEF. In addition, females and males had similarly increased 
levels. Our findings challenge the opinion that oral iron treatment cannot in-
crease iron uptake in non-anemic patients with ID and HF. 

This is the first study of oral iron succinate in non-anemic patients with both 
HFpEF or HFrEF and ID, showing significant uptake. Oral iron succinate uptake 
has not yet been tested in non-anemic patients with HF. A search in PubMed 
revealed no publications with the search terms iron succinate, iron deficiency, 
and heart failure. Few studies have compared oral iron therapy and intravenous 
iron treatment [3]. Another pilot study, the IRON-OUT study [11], tested oral 
ferrous sulfate (200 mg 3 times daily) vs. intravenous iron sucrose (200 mg/week 
for 5 weeks) or placebo in 23 patients with HF, EF < 40%, and anemia (9 - 12 
g/L). Ferritin levels increased from 167 ± 149 ng/mL to 293 ± 270 ng/mL with 
intravenous iron treatment vs. 115 ± 141 ng/mL to 218 ± 189 ng/mL in the oral 
iron group, but the increase in TSAT was less in the oral iron group vs. the 
intravenous iron group. The main differences from our study were that they 
tested patients with HF and anemia and high doses of iron sulfate. Another 
phase 2, double-blind, placebo-controlled randomized clinical trial of patients 
with HFrEF (<40%) and ID compared oral iron polysaccharide (150 mg twice 
daily) for 16 weeks and placebo [5]. Ferritin modestly increased by 18 ng/ml 
(confidence interval (CI): −8 to 38) with oral iron polysaccharide and 1 ng/ml 
(CI: −15 to 17, p = 0.06) with placebo, and TSAT increased 2% (CI: −3 to 7) with 
oral iron but 0% (CI: −5 to 5) with placebo (p = 0.003). The main difference 
from our study was that they included only patients with HFrEF and used iron 
polysaccharide with a high dose of iron. 

The hepcidin levels already increased significantly after 6 weeks and were still 
significantly elevated at 12 weeks, but with no increase between 6 and 12 weeks. 
This increase is expected following iron substitution. Gaillard showed that hep-
cidin increases with both oral iron and intravenous iron, but much more by the 
intravenous route [12]. Despite this elevation of hepcidin at 6 and 12 weeks, the 
ferritin level increased from 6 to 12 weeks, though the difference was not signif-
icant. As hsCRP did not increase, the reason for the increased hepcidin level 
should be iron treatment. Hepcidin and CRP levels were in ordinary ranges at 
baseline, which is probably one reason for the significant uptake of iron succi-
nate in our study. However, one patient with elevated hepcidin and CRP levels 
also had similar uptake as the patients with ordinary hepcidin and CRP levels. In 
the study by Lewis [5], patients in the first (0 to <3.3) and second (3.3 - 6.6 
ng/ml) quartiles had significantly increased ferritin levels, but not in the third 
and fourth quartiles. Their increased ferritin levels were much less than those 
observed in our study. HF is related to the inflammatory state, but the cause or 
consequence or both of HF is still being debated [13] and warrants further inves-
tigation [1]. 

The total amount of iron per day in our study was 65.96 mg, which is lower 
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than in other studies. Despite this, the uptake was already significant after 6 
weeks. This has never been shown before in patients with HF and it does not 
seem to differ if patients have HFrEF or HFpEF. This finding is in line with the 
results reported by Hallberg and Brise, who showed that iron succinate had the 
best absorption of all tested iron complexes [8] in healthy subjects. They also 
showed that succinate itself increased iron uptake when given intravenously, and 
they speculated that succinate influenced membrane transportation [8]. Succi-
nate not only plays a role in energy metabolism, but is also an important meta-
bolite at the cross-roads of several metabolic pathways, including endocrine and 
paracrine modulation, inflammation, and heme metabolism [14]. The above 
factors were important reasons to use iron succinate in our pilot study. 

The adverse effects reported in our study were few, but well-known and ex-
pected. The overall compliance was good, and our findings may be due to the 
rather low iron dose.  

We want to emphasize that we did not aim to study outcome in the present 
study, rather challenge the statement that oral iron therapy cannot be adequately 
taken up in patients with HF. For the future, we propose that iron succinate at 
doses as used in the present pilot study should be compared to iron sulfate in pa-
tients with HF, both HFrEF and HFpEF, to test whether any significant differ-
ences exist between the iron preparations. 

Iron succinate should also be tested against intravenous iron ferric carbox-
ymaltose in regards to clinical symptoms, quality of life, and hospitalization. We 
think it is important to determine if any oral iron therapy can be used in patients 
with HF given the very large number of patients with ID, one of the most preva-
lent co-morbid conditions in HF. An estimated 50% of patients with HF seem to 
have ID [15]. From a practical point of view and costs (~5% - 10% of intraven-
ous treatment, personnel communication), an oral therapy would be most valu-
able. In patients who do not respond, or due to side effects or a need for rapid 
improvement, intravenous iron therapy is already available and preferable. 

This is a small pilot single-center study and selection bias cannot be excluded. 
Lack of a placebo control is an important limitation, but placebo did not signifi-
cantly increase uptake in other studies. For example, Lewis et al. reported that 
the ferritin level and TSAT increased only 1 ng/ml and 0%, respectively [5]. The 
only way in our study to increase iron levels should be dietary changes, but our 
patients were told not to change their diet habits throughout the study. An in-
crease of ferritin levels of at least 50% is far from what could be expected with 
placebo treatment [5]. 

6. Conclusion 

Oral iron succinate significantly increased iron uptake, almost doubling the fer-
ritin levels and increasing TSAT, in patients with HF. Patients with HFrEF or 
HFpEF seemed to respond similarly. The role of succinate in iron uptake merits 
further investigation. 
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