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Abstract

Background Postpartum iron deficiency anemia (PPIDA) is highly prevalent in developing countries where it con-
stitutes an important cause of maternal morbidity and mortality. Potential determinants of PPIDA are prepartum iron
deficiency or iron deficiency anemia in association with severe blood loss during delivery. We investigated the efficacy
of oral Sucrosomial® iron for recover from mild-to-moderate PPIDA.

Methods This pilot study was conducted in three medical centers in Romania.

Adult women (> 18y) with mild (hemoglobin [Hb] 9-11 g/dL) or moderate (Hb 7-9 g/dL) PPIDA diagnosed at screen-
ing (2-24 h after delivery) were eligible.

Women with mild PPIDA received oral Sucrosomial® iron (Pharmanutra, S.p.A, Italy) once daily (30 mg elemental iron
per capsule) for 60 days. Those with moderate PPIDA received oral Sucrosomial® iron twice daily (60 mg elemental
iron) for 10 days, followed by a 50-day course of oral Sucrosomial® iron once daily (30 mg elemental iron). Laboratory
parameters, as well as subjective clinical symptoms using a 3-point Likert Scale, were assessed at baseline and on
study days 10, 30 and 60.

Results Sixty anemic women entered the study, but three were missed during follow-up. At day 60, a Hb rise was
observed in both groups (+3.6+ 1.5 g/dL; p<0.01), 81% experienced correction of anemia (Hb > 12 g/dL), 36%
achieved a ferritin concentration > 30 ng/mL (p < 0.05), and 54% a transferrin saturation (TSAT) > 20% (p < 0.01). For
women still anemic at day 60, mean Hb was close to normality (11.3+0.8 g/dL). Resolution of IDA-associated clinical
symptoms was already observed just 10 days after treatment initiation. No patient discontinued treatment due to
gastrointestinal adverse events.

Conclusions Sucrosomial® iron was shown to be potentially effective and well tolerated at treating mild and moder-
ate PPIDA. These results encourage the use of oral Sucrosomial® iron as a treatment option for PPIDA, but larger stud-
ies with longer follow-up are warrant.
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Background

In the postpartum period, both iron deficiency (PPID)
and iron deficiency anemia (PPIDA) are common and
represent significant health problems in women of repro-
ductive age [1]. In a series of 43,807 women who gave
birth between 1993 and 2008 in Germany, the prevalence
of PPA (hemoglobin [Hb] <10 g/dL) 24—48 h after deliv-
ery was 22%. This prevalence increased up to 50% when
PPA was defined as Hb< 11 g/dL [2]. In developing coun-
tries, the prevalence of PPA is in the range of 50-80%
and, together with postpartum hemorrhage represents a
major cause of maternal morbidity and mortality [1].

PPIDA leads to prolonged hospital stay, impaired qual-
ity of life, reduced cognitive abilities, emotional instabil-
ity, and depression [3-5]. In addition to anemia, ID has
other manifestations, such as tiredness, hair loss, and
restless legs [6]. However, the importance of PPIDA
seems to be overlooked by both obstetricians and
patients, even after severe postpartum hemorrhage [1, 7].

Therefore, the most frequent predisposing factors (pla-
centa previa [OR 4.7], anemia during pregnancy [OR 2.7],
multiple birth [OR 2.2], and blood loss>1000 mL [OR
74.7]) [2] should be identified and modified when pos-
sible. Additionally, routine PPIDA screening should be
considered, especially in women with antenatal ID/IDA
and/or significant peripartum bleeding, in order to pro-
vide early and appropriate treatment [1].

As for women with mild-to-moderate anaemia post-
partum who are haemodynamically stable, asympto-
matic, or mildly symptomatic, daily administration of
oral ferrous iron salts for three months has been recom-
mend [1]. However, absorption and tolerance should be
taken into account: 1) Up to 50-70% of patients on oral
iron sulfate experience gastrointestinal side effects due
to exposure to unabsorbed iron; 2) Co-administration of
oral iron with food or drugs (e.g., antacids, proton pump
inhibitors) may drastically reduce iron absorption; 3) In
addition, hepcidin is up-regulated when a high iron dose
is ingested, which may reduce the absorption of the next
oral iron dose [8]. Thus, whenever possible, Hb con-
centration should be determined after 2—4 weeks of
treatment initiation. For those with confirmed ID
and lack of responsiveness or intolerance to oral iron,
intravenous treatment was the recommended treatment
alternative [1].

Sucrosomial® iron (SI, Pharmanutra, S.p.A., Italy) is a
newer oral iron formulation consisting of a ferric pyroph-
osphate covered by phospholipids and sucrester matrix.
The absorption of SI is mostly hepcidin-independent, as
is taken up in the lymphatic circulation through transcel-
lular and M cell-mediated endocytosis routes [9]. Oral SI
has been shown to be safe and efficacious for treating ID
and IDA in a variety of clinical scenarios [9].
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As oral SI has been shown efficacious and well toler-
ated in the prophylaxis of pregnancy-associated ID and
IDA [10], and preliminary data suggested its efficacy in
PPIDA [11], this non-comparative pilot study aimed to
investigate whether supplementation with SI was effica-
cious at correcting mild or moderate PPIDA (as meas-
ured by significant improvement in hemoglobin levels
over time for each group when compared to baseline lev-
els; primary outcome) and improving PPIDA-associated
subjective symptoms (as measured by a 3-point Likert
scale; secondary outcome).

Methods
Study design and participants
This was a multicenter pilot study conducted at three
obstetrics facilities (both public and private) in two
Romanian cities (Bucharest and Cluj-Napoca) from
October 2018 to June 2020. Women were screened
for PPIDA (Hb<11 g/dL, ferritin<12 ng/mL, trans-
ferrin saturation<20%) 2-24 h after vaginal delivery
(TO, baseline). Those presenting with confirmed mild
(Hb=9-11 g/dL) or moderate (Hb=7-9 g/dL) PPIDA at
screening and providing informed written consent were
recruited to participate in the study. Study participants
were allocated to the corresponding treatment regime
(see below), and followed up for 60 days. The study was
approved by the National Bioethics Committee for Medi-
cines and Medical Devices under the protocol number
27S5/1-4/15.10.2018.

The manufacturer of SI (Pharmanutra, S.p.A., Italy)
financed the study.

Intervention and follow-up

Consecutive women with mild PPIDA (Group A) were
treated with one daily Sucrosomial® iron capsule (30 mg
elemental iron/day) for 60 days. Those with moderate
PPIDA (Group B) received one capsule of Sucrosomial®
iron twice daily (60 mg elemental iron/day) for 10 days,
followed by a 50-day course of one daily Sucrosomial®
iron capsule (30 mg elemental iron/day).

Treatment compliance, laboratory parameters, and
subjective clinical symptoms assessment, were completed
by the attending physician at baseline (T0) and at days 10
(T10), 30 (T30) and 60 (T60) of the treatment period.

Data collection

At each visit, laboratory parameters were evaluated to
assess anemia and iron status. The normal ranges at
our laboratory included: Hb (12.1-15.1 g/dL), ferritin
(13-150 ng/mL), transferrin saturation (TSAT, 16—45%),
reticulocyte counts (Retic, 30—120 % 103/uL), and C-reac-
tive protein (CRP, < 0.5 mg/dL).
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The severity of possible subjective symptoms associ-
ated with PPIDA was assessed on a 3-point Likert Scale
(Severe/Mild/Not present or Low-Poor/Good/Excellent),
including weakness, tiredness, headache, concentration,
appetite, and lower limb pain (due to possible restless legs
syndrome) [12]. All evaluations were performed directly
by the attending physicians during baseline and follow-
up visits through the administration of questionnaires.

Sample size

With an effect size of 0.5 between the first and mean of
the last two Hb measurements, a sample of 27 patients
provided 80% statistical power and an alpha error of 0.05.
The study sample was increased to 30 patients to account
for a 10% loss during follow-up.

Statistical analysis

The normality of biomarker data distributions was
assessed using the Shapiro—Wilk test and Q-Q curves.
Normally distributed variables were represented as
mean + standard deviation (m+ SD), while non-normally
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distributed variables were represented as median and
interquartile range [IQ]. Likert-scale variables were rep-
resented as percentages. The temporal trends of all vari-
ables for each clinical condition (mild anemia, moderate
anemia) were analyzed using repeated measure ANOVA
and post-hoc comparisons. Specifically, normally dis-
tributed biomarkers were analyzed using Fisher’s test
and Holm’s post-hoc tests, while non-normally distrib-
uted biomarkers and Likert-scale variables were analyzed
using Friedman’s test and Conover’s post-hoc tests. All
statistical analyses were conducted using the R statisti-
cal software [13], and statistical significance was set at
p<0.05.

Results

Seventy-three consecutive women presenting with mild
or moderate postpartum anemia were approached for
recruitment. Thirteen were excluded because they had
non-ID anemia. The remaining 60 women (30 with mild
anemia, Group A; 30 with moderate anemia, Group B)
were enrolled in the study (Fig. 1). As shown in Table 1,
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Table 1 Demographic and baseline clinical characteristics. Data
are presented as mean + SD, or frequencies

Group A Group B p-value

Mild anemia Moderate anemia

n=27 n=30
Age (years) 28+6 28+5 0.982
Weight (kg) 71+13 73+13 0.325
Height (cm) 163+6 163+6 0.802
Settlement (rural/urban)  9/21 7/23 0.784
Education (middle 8/12/10 7/12/11 0.808
school/high school/uni-
versity)
Body mass index (kg/m?)  27.1 +4.1 294+75 0.146
Obesity (BMI>30),n (%)  4(13) 10(33) 0.132
Systolic blood pressure 112410 112410 0.999
(mmHg)
Heart rate (bpm) 82+8 85+9 0.153
Body Temperature (°C) 36.1+03 36.1+04 0.789
Breathing Rate (n/min) 16+2 16+2 0.756
Hemoglobin (g/dL) 10.1£04 84+06 0.001
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there were no differences in demographic and base-
line clinical characteristics between the two groups of
subjects.

Patients’ disposition and follow-up are depicted in
Fig. 1. Three patients from group A discontinued iron
supplementation or were lost during follow-up. The first
one developed infectious mastitis (not related to iron
treatment) and declined to continue treatment after T1,
the second was advised externally to discontinue treat-
ment before T1, and the third did not attend the follow-
up visits. Finally, 57 patients (27 in Group A and 30 in
Group B) completed the 60-days follow-up program and
were included in the data analysis. No patient discontinued
treatment due to gastrointestinal adverse events.

Iron replacement therapy with oral Sucrosomial®
iron led to improvement in laboratory parameters in
both study groups (Table 2). For the entire study sample
(n=57), Hb concentration increased from 9.2+1.0 g/
dL at TO to 12.8+1.0 at T60 (mean Hb increment:
3.6+1.5 g/dL; p<0.01) (Fig. 2A), and 81% of patients
experienced correction of anemia (Hb>12 g/dL)
(Fig. 2B). For women still anemic at day 60, the mean
Hb was close to normal (11.3+0.8 g/dL). CRP concen-
trations abruptly decreases from TO to T10, remain-
ing low thereafter (Table 2A). There was a progressive
increase in the percentage of women attaining a ferritin

Table 2 Time-course of laboratory parameters in patients with pospartum IDA treated with oral Sucrosomial® iron for 60 days: A, all
IDA patients; B, mild IDA (Group A, n=27); C, and moderate IDA (Group B, n=30). AHb, Hb increment from TO to T10, T30 or T60,
respectively. TO, treatment initiation; T10, T30 and T60, days 10, 30 and 60 after treatment initiation, respectively

TO T10 T30 T60 p-value
A. All patients (n=57)
AHDb (g/dL) — 21+09 31+1.2 36+15 <0.01
CRP (mg/dL) 4928-7.7] 0.7[04-0.7] 041[0.2-09] 02[0.1-0.7] <0.01
Ferritin (ng/mL) 21[12-29] 29[19 - 47] 30018 -42] 25[15-31] NS
Ferritin > 30 (%) 22 49 49 36 <0.05
TSAT (%) 11 [8-14] 14 [9-19] 18 [12-25] 18 [12-25] <0.01
TSAT >20 (%) 6 23 42 45 <0.01
B. Mild anemia ( Group A; n=27)
AHDb (g/dL) - 1.7+08 24+06 27+09 <0.01
CRP (mg/dL) 52[28-93] 04[02-0.7] 0.31[0.2-0.8] 0.2[0.1-0.7] <0.01
Ferritin (ng/mL) 20 [15-28] 28[18 — 44] 2918 - 45] 28 [15 - 38] NS
Ferritin >30 (%) 22 40 44 35 0.381
TSAT (%) 11 [8-14] 15[9-21] 18 [14-33] 19 [12-27] <0.01
TSAT > 20 (%) 12 37 52 54 <0.01
C. Moderate anemia (Group B; n=30)
AHDb (g/dL) — 24+09 37+13 44415 <0.01
CRP (mg/dL) 44[29-63] 14[07-19] 0.5[03-09] 041[0.1-0.7] <0.01
Ferritin (ng/ml) 19 [10-28] 31 [26 - 64] 31[21-43] 24 [17-31] NS
Ferritin > 30 (%) 22 61 55 37 0.520
TSAT (%) 12 [8-15] 12 [9-16] 16 [12-22] 17 [12-21] <0.01
TSAT >20 (%) 0 10 33 42 <0.01
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Fig. 2 Hemoglobin concentrations (A) and percentages of anemia correction (B) at the different time-points of the follow-up in all patients
(n=57), and patients with mild (Group A, n=27) or moderate (Group B, n=30) PPIDA treated with oral Sucrosomial® iron for 60 days. T0, treatment
initiation, T10, T30 and T60, days 10, 30 and 60 after treatment initiation, respectively. *p < 0.01 respect to TO

concentration>30 ng/mL (p<0.05) and/or a TSAT
value >20% (p <0.01) from TO to T60 (Table 2A). How-
ever, as there were two different iron supplementation
schedule according to anemia severity, these changes
were analyzed separately for women presenting with
mild (Group A) or moderate (Group B) PPIDA.

In Group A, mean Hb concentration at TO was
10.1+0.4 g/dL. The daily administration of 30 mg ele-
mental iron for 60 days resulted in a mean Hb incre-
ment of 2.7+ 0.9 g/dL from TO to T60 (p <0.01), leading
to normalization of the mean Hb concentration at T60
(12.7+0.8 g/dL; p<0.01) (Fig. 2A). This led to anemia
correction in 25 out of 27 women (93%) in this group
(Fig. 2B). For the 2 women who were still anemic at
T60, their Hb concentrations were close to normal
(10.9 and 11.5 g/dL).

There were no significant changes in ferritin con-
centration throughout the study period or in the
percentage of patients achieving a normal ferritin con-
centration (>30 ng/mL) (Table 2B). However, the TSAT
significantly increased throughout the study period
from T10 onwards, as did the percentage of patients
achieving a TSAT >20% (Table 2B).

In Group B, the mean Hb concentration at TO was
8.4+0.6 g/dL. The administration of 60 mg elemental
iron/day from TO to T10, followed by 30 mg/day from T10
to T60, resulted in a mean Hb increment of 4.4 + 1.5 g/dL
from TO to T60 (p <0.01), leading to normalization of the
mean Hb concentration a T60 (12.8+1.2 g/dL; p<0.01)
(Fig. 2A). This led to anemia correction in 21 out of 30
women (70%) in this group (Fig. 2B). For the 9 women
who were still anemic at T60, the mean Hb concentration
was close to normal (11.3+0.8 g/dL).

Again, there were no significant changes in ferritin
concentration throughout the study period or in the
percentage of patients achieving a normal ferritin con-
centration (>30 ng/mL) (Table 2C). However, the TSAT
significantly increased throughout the study period from
T10 onwards, as did the percentage of patients achieving
a TSAT >20% (Table 2C).

Remarkably, the beneficial effects of replacement ther-
apy with oral Sucrosomial® iron on both Hb increment
(Fig. 2A) and anemia correction (Fig. 2B) were observed
as early as 10 day after treatment initiation. This rapid
effect of Sucrosomial® iron administration had an impact
on clinical symptoms associated with mild and moderate
PPIDA. As shown in Fig. 3, there is a clear trend towards
improvement in the time-course of all clinical symptoms
in both mild IDA (black bars) and moderate IDA (grey
bars). From day 10 onwards, there were no clinically rel-
evant symptoms in either group.

Discussion

Iron supplementation has been proven to be effective in
increasing hemoglobin levels in pregnant and postpar-
tum women, and it has been suggested as a public health
solution to improve maternal and child health outcomes
across different age groups [14, 15].

In this pilot study, we demonstrated that replace-
ment therapy with Sucrosomial® iron, an innovative
oral formulation, was well tolerated (no woman discon-
tinued treatment due to gastrointestinal adverse events)
and potentially effective in treating mild and moderate
PPIDA. Mean Hb increment was 3.6+ 1.5 g/dL, and 81%
of patients achieved Hb levels of >12 g/dL at the end of
the treatment period. These results are comparable to
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Fig. 3 Evolution of clinical symptoms in mild (black bars) and moderate (grey bars) anemia

those obtained 6-24 weeks after the administration of
intravenous iron to women with moderate PPIDA (mean
Hb increment, 3.8 g/dL; anemia correction, 88%; n=658)
[16-19].

It has been argued that intravenous iron administra-
tion to women with moderate PPIDA results in a faster
increase in Hb levels compared to oral iron (ferrous
sulfate). However, in moderate IDA, the Hb increment
(2.4+0.9 g/dL) observed after 10 days of iron replace-
ment therapy with Sucrosomial® iron (60 mg/day, Hb in)
was similar to those observed 2 weeks after intravenous
iron administration (2.2 g/dL - 3.2 g/dL) [17, 20-23],
which is reflected in the rapid improvement of clinical

symptoms (Fig. 3). These effects of Sucrosomial® iron
on quality of life have also been observed in heart failure
patients with reduced ejection fraction and iron defi-
ciency [24].

As mentioned erlier, Sucrosomial® iron absorption
is mostly hepcidin-independent, as it is taken up to the
lymphatic circulation through transcellular and M cell-
mediated endocytosis routes [9]. This gives Sucrosomial®
iron the ability to increase Hb levels, even in the presence
of inflammation, as demonstrated in cardiac surgery [25,
26] and in patients with chronic kidney disease [27], can-
cer [28] or inflammatory bowel disease [29, 30]. Notably,
the efficacy of Sucrosomial® iron is observed at much
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lower dose and with fewer gastrointestinal adverse events
compared to oral iron sulfate.

Furthermore, the difference in Hb increment between
the study groups at T10 also suggests a correlation
between the dose used (60 mg/day vs. 30 mg/day) and
the speed of Hb recovery. As endogenous erythropoietin
production is higher at low Hb concentrations, a higher
initial oral Sucrosomial® iron dose may result in a faster
recovery from PPIDA. Subsequently, the dose could be
reduced to ensure adequate iron supply to the bone mar-
row. In this regard, Giordano et al. (2021) [14] recently
demonstrated the efficacy and tolerability of high-dose
oral Sucrosomial® iron (120 mg elemental iron/day) for
4 weeks, compared to intravenous ferric gluconate, in
severe IDA patients intolerant/refractory to iron sulfate.

With regards to iron biomarkers, the accurate assess-
ment of the actual effect of Sucrosomial® iron on the
improvement of ferritin and TSAT levels was hampered
by the influence of inflammation on the levels of these
biomarkers at TO [31]. Therefore, instead of evaluating
the differences between TO and T60, we assessed the
percentage of patients presenting with ferritin and TSAT
levels above their thresholds for defining ID at T60, when
no inflammation is present.

A serum ferritin level <30 ng/mL is the most sensi-
tive (92%) and specific (98%) cut-off level for the iden-
tification of true ID (with or with-out anaemia) and a
TSAT <20% is insufficient to meet the iron requirements
for erythropoiesis [32]. In our study, 45% of the patients
achieved a TSAT level within the normal range (>20%),
and 36% achieved a ferritin level within the normal range
(>30 ng/mL) at T60. We used these thresholds in accord-
ance with current guidelines for the diagnosis of ID [1,
5, 33], although more conservative thresholds are gener-
ally used in women (12-18 ng/mL for ferritin, and 15%
for TSAT).

Moreover, as mean ferritin levels remained largely
unchanged at T60, it can be inferred that the absorbed
iron was mainly utilized for erythropoiesis and other
physiological functions, such as energy production,
rather than for building up iron stores. Therefore,
Sucrosomial® iron replacement should be extended, at
least, up to the third month of the postpartum period
to replenish iron stores, as recommended in guide-
lines [5].

This research has several limitations. Firstly, it is a study
pilot, and there is no control group of untreated patients.
The lack of a control group is acknowledged as a study
limitation, and it represents a shortcoming. However, it
is also noteworthy that leaving a proportion of PPIDA
untreated is not appropriate as it poses a risk to both the
mother’s health and the newborn’s care. Therefore, it was
decided that all participants would receive treatment.
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Secondly, compared to previous studies, our study had
a limited follow-up time and a relatively small sample
size, which may result in diminished predictive capac-
ity, limited value for demographic variables, and lower
implication in conclusions. We acknowledge the value of
undertaking broader and longer trials on various cohorts
of postpartum anemia women to validate our results.
However, the demonstrated effectiveness of Sucroso-
mial® iron and the absence of associated gastrointesti-
nal side effect in a difficult-to-treat population may have
significance in clinical practice [30, 33, 34]. In particular,
commitment to therapy remains a core determinant of
positive health outcomes for postpartum women in need
of iron supplementation. We assume that Sucrosomial®
iron has the potential to enhance adherence to iron sup-
plementation in postpartum women.

Conclusion

This pilot study provides preliminary evidence support-
ing the potential effectiveness of Sucrosomial® iron in
the treatment of mild and/or moderate postpartum IDA
in women. The results indicate a significant increase in
hemoglobin levels in both groups, observed as early as
10 days after treatment initiation. While the study has
limitations due to the absence of a control group and
a limited sample size, these findings warrant further
investigation in larger and longer-term trials. Sucroso-
mial® iron may represent a promising alternative for the
treatment of PPIDA, and future studies should aim to
compare its efficacy and safety with standard iron supple-
mentation protocols.
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