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Aims Intravenous iron has emerged as a guideline-recommended therapy in patients with heart failure and iron deficiency,
but the potential sex-related differences in efficacy are unknown. We aimed to assess sex-specific outcomes in
the Intravenous Iron in Patients with Systolic Heart Failure and Iron Deficiency to Improve Morbidity & Mortality
(FAIR-HF2-DZHKO5) trial.

Methods FAIR-HF2 included 1105 heart failure patients with a left ventricular ejection fraction <45% and iron deficiency. A
and results total of 368 women (mean age 68.7 + 13.0years) and 737 men (mean age 70.5 + 11.0 years) were randomized to
intravenous ferric carboxymaltose or placebo. The three primary endpoints were (i) time to cardiovascular death or
first heart failure hospitalization, (ii) total heart failure hospitalizations, and (jii) time-to-first event of cardiovascular
death or heart failure hospitalization only in patients with transferrin saturation <20% at baseline. The hazard ratio
(HR) for the first primary outcome was 1.07 (95% confidence interval [CI] 0.63—1.82, p =0.80) in women and
0.74 (95% Cl 0.57-0.95, p=0.016) in men, while the rate ratios (RRs) for the second primary outcome were
1.06 (95% CI 0.55-2.05, p=0.86) and 0.79 (95% CI 0.58—1.08, p =0.136), respectively, and the HRs for the third
primary outcome event were 1.21 (95% Cl 0.62—2.36, p = 0.58) and 0.73 (95% CI 0.55—0.97, p = 0.028), respectively.
Regarding safety outcomes, the HR for all-cause mortality was 1.46 (95% CIl 0.78—2.76, p = 0.24) in women, suggesting
increased mortality risk under iron supplementation, in contrast to 0.86 (95% Cl 0.64—1.16, p =0.33) in men (p for
interaction =0.13).

Conclusions This analysis indicates relevant differential efficacy of intravenous iron in heart failure across both sexes. While men
receiving ferric carboxymaltose experienced a clinically relevant reduction in cardiovascular death and heart failure
hospitalizations, women did not derive similar benefits. The results are clinically relevant and prompt validation in
other large outcome trials of intravenous iron supplementation in heart failure.

Clinical Trial Registration: ClinicalTrials.gov NCT03036462.

Keywords Sex-specific outcomes e Heart failure e Iron deficiency e Ferric carboxymaltose e Randomized
controlled clinical trials

Introduction to intravenous iron in women.* However, data on sex-specific

outcomes are scarce. Out of the three randomized outcome trials,

Iron deficiency correlates with disease severity of heart failure
and is associated with impaired symptomatic and functional out-
comes, as well as with increased mortality." Since several large
outcome trials have shown that intravenous iron supplementa-
tion in these patients is beneficial with regard to prognostic
outcomes, intravenous iron supplementation has emerged as a
guideline-recommended therapy in patients with heart failure and
concomitant iron deficiency.2?

Clinical and experimental evidence suggests that oestrogen
manipulates intracellular iron metabolism and that elevated
levels of oestrogen associate with increased systemic iron avail-
ability, thereby potentially altering the therapeutic response

the IRONMAN (Intravenous Ferric Derisomaltose in Patients with
Heart Failure and Iron Deficiency) trial did not report relevant
differential efficacy in men and women.> The AFFIRM-AHF (A
Randomised, Double-blind Placebo Controlled Trial Comparing
the Effect of Intravenous Ferric Carboxymaltose on Hospital-
izations and Mortality in Iron Deficient Subjects Admitted for
Acute Heart Failure) trial reported a significant reduction in heart
failure hospitalizations in a COVID adjusted analysis in patients
with worsening heart failure treated with ferric carboxymaltose,
but with a relative risk reduction for the primary endpoint of
36% in men (rate ratio [RR] 0.64, 95% confidence interval [CI]
0.46—0.89) in contrast to a numerically increased relative risk
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Sex-specific outcomes in FAIR-HF2

of 5% (RR 1.05, 95% CI 0.72—1.53) in women.® Similarly, the
HEART-FID (Ferric Carboxymaltose in Heart Failure with Iron
Deficiency) trial, which failed to show a significant benefit of
intravenous iron supplementation in patients with chronic stable
heart failure, indicated differential efficacy for men and women in
its basic serial subgroup analysis, with a hazard ratio (HR) for the
main secondary endpoint, a composite of cardiovascular death or
first hospitalization for heart failure, of 0.86 (95% Cl 0.74—-1.00)
in men and 1.11 (95% Cl 0.86—1.43) in women.’

The FAIR-HF2 (Intravenous Iron in Patients with Systolic Heart
Failure and Iron Deficiency to Improve Morbidity & Mortality) trial
was an investigator-initiated multicentre randomized trial designed
to assess the benefits and risks of intravenous iron therapy in
patients with heart failure and concomitant iron deficiency.®’
We conducted a pre-specified in-depth sex-specific analysis in
FAIR-HF2 comparing the efficacy and safety of ferric carboxymal-
tose therapy in women versus men.

Methods
Study design

FAIR-HF2 was a prospective, randomized, double-blind,
investigator-initiated, multicentre trial in patients with chronic stable
heart failure and iron deficiency. The design of the FAIR-HF2 trial
has been recently published.’® In summary, between March 2017 and
November 2023, 1824 patients were screened, and 1105 participants
were randomized at 70 sites in six countries. Patients with chronic
heart failure and reduced ejection fraction of at least 3-month duration
with left ventricular ejection fraction <45% and evidence of serum
iron deficiency (serum ferritin <100 ng/ml or between 100 ng/ml and
299 ng/ml, provided in these patients the transferrin saturation is
<20%) were randomized 1:1 to intravenous ferric carboxymaltose
or placebo, and were followed for a median of 16.6 months. Study
treatment dosing phases were divided into a repletion and a main-
tenance phase. Up to a maximum of 2000 mg ferric carboxymaltose
was given during the first two visits at baseline and at week 4, which
was then followed by fixed maintenance doses of 500 mg that were
administered every 4 months unless haemoglobin exceeded 16 g/dl or
serum ferritin exceeded 800 ng/ml. Patients assigned to the placebo
group received a saline administration at all visits.

Outcomes and assessment

The three primary endpoints were as follows: (i) time-to-first event
of either cardiovascular death or heart failure hospitalization; (ii)
composite rate of first and recurrent heart failure hospitalizations; and
(iii) time-to-first event of either cardiovascular death or heart failure
hospitalization in the subgroup of patients with a transferrin saturation
<20% at baseline. All reported primary endpoints were adjudicated by
an independent endpoint committee blinded to randomized treatment
assignment. Adverse events (AEs) were also monitored and reported
in a blinded manner. Secondary endpoints included the change in
New York Heart Association (NYHA) functional class, the change
in EuroQol-5 Dimension (EQ-5D) score, and the change in 6-min
walk distance all from baseline to 12 months, as well as the change
in patient-reported global assessment of subjective well-being score
during follow-up until 12 months. Safety endpoints included all-cause
mortality and cardiovascular mortality at 3 years of follow-up.

Statistical analysis

All analyses were performed separately in women and men as
pre-specified in the trial design. Wilcoxon two-sample tests for con-
tinuous variables and Chi-squared tests for categorical variables were
used to compare the distribution of risk factors and levels of biomark-
ers across the two randomized treatment arms in sex-specific analyses.
The analysis of the primary endpoints related to time-to-first cardio-
vascular death or heart failure hospitalization (in the full population
and in the population of patients with transferrin saturation <20% at
baseline) was performed using the Cox proportional hazard model
to derive HR with 95% CI. The analysis for the primary endpoint of
total (first and recurrent) heart failure hospitalization was based on
the semi-parametric regression model for the mean and rate func-
tions of recurrent events proposed by Lin and colleagues (LWYY) and
reported as RR and 95% CIl. To assess the interaction of treatment and
sex, the corresponding interaction term was included in the regres-
sion models (Cox regression, LWYY model). Recurrent event and
time to event outcomes were illustrated by cumulative incidence func-
tions and Kaplan—Meier curves stratified by treatment group, respec-
tively. The Hochberg procedure was utilized to analyse the three pri-
mary hypotheses to control the familywise type 1 error rate at the
pre-specified level of two-sided 0.05."" The familywise type | error
rate across the four secondary endpoints, which is formally tested
only if all primary hypotheses are rejected, was also controlled using
the Hochberg procedure. Statistical analyses were performed using
the R software, version 4.3.1 (R Foundation for Statistical Computing,
Vienna, Austria).

Results

The baseline characteristics are shown in Table 7 and online sup-
plementary Table Appendix S7. A total of 1105 participants were
randomized, and 558 patients were assigned to the ferric carboxy-
maltose group and 547 to the placebo group (Figure 7). VWWomen
comprised one third of the study population (n=368). The mean
age of patients that were women was 69 + 13 years, while the
mean age of men was 71 + 11 years. Men had clearly higher rates
of diabetes (49% vs. 38%, p <0.001), hypertension (81% vs. 74%,
p =0.004), ischaemic cardiomyopathy (82% vs. 70%, p <0.001)
and atrial fibrillation (58% vs. 40%, p <0.001), and more fre-
quently reported a hospitalization for heart failure within the prior
12 months before enrolment (40% vs. 29%, p < 0.001). Baseline
systolic blood pressure, body mass index, and mean haemoglobin
levels were similar between groups. While baseline ferritin lev-
els were higher in men (78 +59 pg/L in men vs. 63 +45 pg/L in
women, p <0.001), baseline transferrin saturation was higher in
women (18 +9 pg/L in men vs. 19+ 9 pg/L in women, p =0.002).
Women assigned to placebo had higher N-terminal pro-B-type
natriuretic peptide levels compared to those assigned to ferric
carboxymaltose, while the opposite was true for men. Rates of
heart failure medication were comparable in women and men, with
slightly higher use of sodium—glucose cotransporter 2 (SGLT?2)
inhibitors and angiotensin receptor—neprilysin inhibitors (ARNI;
sacubitril/valsartan) in men.

Primary outcomes

As shown in Table 2, the absolute rates (per 100 person-years) of
the primary endpoints in ferric carboxymaltose and placebo were
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Table 1 Baseline characteristics by sex and treatment group

Age (years)
Diabetes
Hypertension
Previous Ml
Previous PCI
Previous CABG
Previous stroke or TIA
History of atrial fibrillation or flutter
Body mass index (kg/m?2)
Ischaemic cause of cardiomyopathy
NYHA class
Il
1]
v
Heart failure hospitalization within previous 12 months
Systolic BP (mmHg)
NT-proBNP (pg/ml)
6-min walk test distance (m)
eGFR (ml/min/1.73 m?)
EQ-5D
Presence of pacemaker, implantable defibrillator or
resynchronization device
Heart failure therapy
ACEI
ARB
ARNI (sacubitril/valsartan)
Beta-blocker
MRA
SGLT2 inhibitor
Diuretics
Laboratory measurements
Haemoglobin (g/dl)
Ferritin (pg/L)
Iron (pg/dl)
Transferrin (mg/dl)
Transferrin saturation (%)

69.1+13.4
68 (40.24)
124 (73.37)
73 (43.20)
74 (43.79)
17 (10.06)
27 (15.98)
71 (42.01)
2834+ 6.53
122 (72.19)

122 (72.19)
47 (27.81)

49 (28.99)
119.01+17.97
4484+ 7317
281.7+101.5
61.34+23.51
0.82+0.18

73 (43.20)

78 (46.15)
27 (15.98)
59 (34.91)
158 (93.49)
125 (73.96)
31 (18.34)
135 (79.88)

1243 +1.15
64.18 +46.78
69.72 +29.06
269.18 +51.45
18.91+8.66

68.5+127
73 (36.68)
148 (74.37)
71 (35.68)
83 (41.71)
22 (11.06)
24 (12.06)
78 (39.20)
27.87 +6.52
135 (67.84)

147 (73.87)
52 (26.13)

59 (29.65)
121.01+18.80
3007 + 5285
278.9+103.0
62.71+23.73
0.78+0.21

81 (40.70)

87 (43.72)
44 (22.11)
63 (31.66)
176 (88.44)
136 (68.34)
42.(21.11)
160 (80.40)

1242+1.15
61.96 +44.27
70.95+33.19
269.84 + 57.05
19.50 +9.84

700+ 114
187 (49.47)
302 (79.89)
189 (50.00)
217 (57.41)
79 (20.90)
68 (17.99)
223 (58.99)
28.07 +5.03
308 (81.48)

237 (62.70)
137 (36.24)
3(0.79)

160 (42.33)
118.66 + 18.45
3865 + 5467
304.7+96.5
59.42+22.82
0.82+0.20
207 (54.76)

137 (36.24)
63 (16.67)

160 (42.33)
354 (93.65)
268 (70.90)
100 (26.46)
310 (82.01)

1244 +1.13
78.15+62.32
63.83 +30.79
268.35+53.17
17.43 +9.04

71.0+106
175 (48.75)
298 (83.01)
193 (53.76)
194 (54.04)
89 (24.79)
58 (16.16)
206 (57.38)
2816 £5.26
293 (81.62)

222 (61.84)
134 (37.33)
1(0.28)

134 (37.33)
120.28 + 19.00
5049 + 7709
320.7+91.1
58.71+23.06
0.83+0.21

185 (51.53)

153 (42.62)
56 (15.60)

137 (38.16)
328 (91.36)
250 (69.64)
88 (24.51)

301 (83.84)

1254+ 1.14
77.74 £ 54.89
65.97 +£32.36
265.31+51.14
18.07 +8.98

Values are given as mean =+ standard deviation, or n (%).

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor—neprilysin inhibitor; BP, blood pressure; CABG, coronary
artery bypass graft; eGFR, estimated glomerular filtration rate; EQ-5D, EuroQol-5 Dimension; FCM, ferric carboxymaltose; M|, myocardial infarction; MRA, mineralocorticoid
receptor antagonist; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association; PCl, percutaneous coronary intervention; SGLT2,
sodium—glucose cotransporter 2 inhibitor; TIA, transient ischaemic attack.

lower in women than men, but the relative risk reduction with
ferric carboxymaltose was much more unfavourable in women.
In women, the first primary endpoint of time-to-first cardiovas-

cular death or heart failure hospitalization occurred in 33 patients

in the treatment group compared with 25 in the placebo group
(HR 1.07; 95% Cl 0.63—1.82, p=0.80) (Figure 2). The second
primary endpoint of total heart failure hospitalizations occurred
in 53 women in the treatment group compared with 39 in the
placebo group (RR 1.06; 95% CI 0.55-2.05, p =0.86). The third
primary endpoint of time to cardiovascular death or first heart

failure hospitalization in patients with transferrin saturation <20%
occurred in 22 women in the treatment group compared with 15
in the placebo group (HR 1.21; 95% Cl 0.62—-2.36, p =0.58).

In men, the first primary endpoint of time-to-first event of
cardiovascular death or heart failure hospitalization occurred in
108 patients in the treatment group compared with 141 in the
placebo group (HR 0.74; 95% Cl 0.57-0.95, p=0.016) (Table 2;
Figure 2). The second primary endpoint of total heart failure
hospitalizations occurred in 211 men in the treatment group
compared with 281 in the placebo group (RR 0.79; 95% CI
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Sex-specific outcomes in FAIR-HF2

eligibility

1824 patients assessed for

719 ineligible

‘ Enrolled (n=1105) ‘

’ Randomised (n=1105) ‘

l

l

558 assigned ferric carboxymaltose I

A4

547 assigned placebo

189 discontinued treatments

12 adverse events/health

4 lost to follow-up/not
assessed/unknown

128 personal reasons

45 other reasons

‘ 369 treatment ongoing |

l

| 558 were included in the analysis ‘

Figure 1 Consort diagram.

0.58-1.08, p =0.136). The third primary endpoint of time-to-first
cardiovascular death or heart failure hospitalization in patients with
transferrin saturation <20% occurred in 81 men in the treatment
group compared with 113 in the placebo group (HR 0.73; 95% CI
0.55-0.97, p =0.028).

The p-value for a treatment-by-sex interaction reached border-
line significance for two of the three primary endpoints (p for
interaction 0.13, 0.30, and 0.104, respectively).

Secondary outcomes

The secondary endpoint analyses were more favourable in women
(Table 2; Figure 3). In women, there was an improvement in the
EQ-5D score from baseline to 12 months in the treatment group
compared with the placebo group (mean difference: +0.055; 95%
Cl 0.013-0.098, p=0.011). There was also an improvement in
the mean patient-reported global assessment of well-being score
at 12 months in women in the treatment group versus the placebo
group (odds ratio 0.14; 95% Cl 0.07-0.29, p <0.001). The mean
change from baseline to 12 months in the 6-min walk test in women
was 33.5+82.1m in the treatment group versus 22.5+83.1 in
the placebo group (mean difference: +11.9; 95% Cl —7.9-31.7,
p =0.24). Finally, the change in NYHA functional class in women
was comparable between the treatment and placebo groups (odds
ratio 0.52; 95% Cl 0.14—-1.93, p=0.33).

In men, the improvement in the EQ-5D score from baseline
to 12 months in the treatment group compared with the placebo
group did not reach statistical significance (mean difference:
+0.019; 95% ClI —0.010-0.049, p =0.20). There was a significant

206 discontinued treatments

24 adverse events/health
Y 7 lost to follow-up/not
assessed/unknown

123 personal reasons

52 other reasons

v

341 treatment ongoing

l

547 were included in the analysis

improvement in the mean patient-reported global assessment of
well-being score at 12months in men in the treatment group
versus the placebo group (odds ratio 0.34; 95% CI 0.21-0.54,
p<0.001). The mean change from baseline to 12months in
the 6-min walk test in men was 23.0+96.8m in the treatment
group versus 18.3 +85.8 in the placebo group (mean difference:
+8.0; 95% Cl —7.5-23.5, p=0.31). Finally, in men the change
in NYHA functional class was comparable between the treat-
ment and placebo groups (odds ratio 0.75; 95% CI 0.35-1.58,
p =0.45). The p-value for a treatment-by-sex interaction was 0.16
for the EQ-5D endpoint, 0.014 for the patient-reported global
assessment of well-being score endpoint, 0.66 for the 6-min walk
test endpoint, and 0.88 for the change in NYHA functional class
endpoint.

Safety outcomes

The overall incidence of investigator-reported AEs, serious AEs
(SAEs), and AEs leading to study discontinuation or drug with-
drawal were similar in both groups in men, but not in women
(online supplementary Table $2). In women, rates of AEs and SAEs
coded as ‘cardiac disorders’ and ‘infections and infestations’ were
clearly higher in the treatment groups. The frequency of patients
with at least one SAE in women was similar in the treatment
(n=75, 37.7%) and placebo groups (n=60, 35.5%; Chi-squared
test, p=0.75; data not shown). In men, the frequency of patients
with at least one SAE was higher than in women but similar in the
treatment (n= 194, 54.0%) and placebo groups (n=213, 56.4%;
Chi-squared test, p =0.58; data not shown).
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Sex-specific outcomes in FAIR-HF2

Time to first HF hospitalization or CV death (full population)
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Figure 2 Cumulative incidence of the primary endpoints in women and men. Cl, confidence interval; CV, cardiovascular; HF, heart failure;
HR, hazard ratio; RR, rate ratio; TSAT, transferrin saturation.
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NYHA at 12 months
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Figure 3 Secondary endpoints in women and men. (A) Change in New York Heart Association (NYHA) functional class from baseline to
12 months. (B) Change in EuroQol-5 Dimension (EQ-5D) score from baseline to 12 months. (C) Change in 6-min walk test (6MWT) distance

from baseline to 12 months. (D) Change in self-reported patient global assessment (PGA) score from baseline to 12 months. Cl, confidence
interval; FCM, ferric carboxymaltose; OR, odds ratio; SE, standard error.
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Sex-specific outcomes in FAIR-HF2
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Figure 3 Continued.

In women, the total number of deaths due to any cause
within 36 months was 25 in the treatment group and 16 in the
placebo group (HR 1.46; 95% Cl 0.78-2.76, p =0.24), thereby
suggesting an increased mortality risk under iron supplementation

(Table 2; Figure 4). The total number of deaths due to cardiovas-
cular cause within 36 months in women was 9 in the treatment
group and 8 in the placebo group (HR 0.92; 95% CI 0.35-2.38,
p=0.86).
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All-cause mortality (36m FU)
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Figure 4 Safety endpoints in women and men. (A) All-cause mortality within 36 months of follow-up (FU). (B) Cardiovascular (CV) mortality

within 36 months of FU. Cl, confidence interval; HR, hazard ratio.

In men, the total number of deaths due to any cause within
36 months was 79 in the treatment group and 95 in the placebo
group (HR 0.86; 95% Cl 0.64—1.16, p =0.33), thereby suggesting
a beneficial effect of iron supplementation. The total num-
ber of deaths due to cardiovascular cause within 36 months
in men was 45 in the treatment group and 57 in the placebo
group (HR 0.80; 95% CIl 0.54-1.18, p=0.25). The p-value for
a treatment-by-sex interaction was 0.13 for all-cause mortality,

and thereby borderline not significant, and 0.68 for cardiovascular
mortality.

Changes in transferrin saturation, serum ferritin, and
haemoglobin from baseline to month 12 are shown in Figure 5.
While increase in transferrin saturation and serum ferritin hap-
pened in both, men and women, increase in haemoglobin reached
significance in women only (women: least squares mean difference
at 12 months between treatment groups 0.97 [95% CI 0.60—1.35];
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Figure 5 Safety endpoints in women and men. BL, baseline; Cl, confidence interval; SE, standard error; TSAT, transferrin saturation.
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p <0.0001; men: least squares mean difference at 12 months
between treatment groups 0.40 [95% CI 0.76—1.6]; p =0.50).

Discussion

Despite the well-established benefits of intravenous iron supple-
mentation in patients with heart failure and iron deficiency, data
on sex-specific outcomes remain rudimentary. Prior studies such
as AFFIRM-AHF and HEART-FID suggested potential differential
effects of iron therapy between women and men, but they lacked
comprehensive sex-stratified analyses. The FAIR-HF2 trial provides
new insights into the sex-specific efficacy and safety of intravenous
ferric carboxymaltose in heart failure with reduced ejection frac-
tion and iron deficiency, highlighting significant differences in out-
comes between women and men.

The primary findings of this study suggest a stark contrast in the
response to intravenous ferric carboxymaltose between women
and men. While men receiving ferric carboxymaltose experienced
a clinically relevant reduction in cardiovascular death and heart
failure hospitalizations (HR 0.74, 95% CI 0.57-0.95, p =0.016),
women did not derive similar benefits (HR 1.07, 95% C10.63—-1.82,
p = 0.80). Furthermore, the observed interaction p-values indicate
a potential sex—treatment interaction trend, warranting further
exploration. This finding is somehow surprising: since women
were significantly healthier and also had much less hospitalizations
within the previous 12 months before randomization, one would
intuitively expect rather better outcomes than in men.

Conversely, secondary endpoints assessing symptomatic and
functional improvement favoured women. Women receiving fer-
ric carboxymaltose demonstrated greater improvements in EQ-5D
scores and self-reported global assessment of well-being than men.
This finding suggests that despite the lack of prognostic benefit,
women may still experience meaningful symptomatic relief and
improved quality of life. This stronger efficacy in symptomatic
endpoints in women is probably due to a differential effect on
haemoglobin: as shown in Figure 5, the difference between treat-
ment groups in women from baseline to month 12 is 1g/dl
(p <0.001), while there is no significant difference between the
treatment groups in men (p=0.50). The disparity between pri-
mary and secondary outcomes is further complicated by the safety
findings, where a trend towards increased all-cause mortality was
observed in women (HR 1.46; 95% Cl 0.78-2.76, p = 0.24), com-
pared to a neutral or even beneficial trend in men (HR 0.86; 95%
Cl 0.64-1.16, p=10.33).

Our findings are in line with a recent meta-analysis, which sum-
marizes the efficacy and safety of intravenous iron from six trials
(FAIR-HF, CONFIRM-HF, AFFIRM-AHF, IRONMAN, HEART-FID,
and FAIR-HF2) including 7175 patients: patients assigned to intra-
venous iron, as compared to those assigned to placebo, had
lower rates for the composite endpoint of recurrent heart fail-
ure hospitalizations and cardiovascular mortality (RR 0.81; 95% Cl
0.63—-0.97). The subgroup analyses revealed no significant differ-
ences in the effect of intravenous iron on the primary endpoint,
with the exception of sex.'? There was a significant interaction for
sex (ratio of RR 1.40; 95% CI 1.05—-1.86), with women on average
showing no benefit (RR 0.98; 95% Cl 0.75—1.26)."2

This new finding was not indicated in previous large-scale
prospective biomarker studies in secondary prevention
cohorts.”>"1® While these studies adjusted for sex in their
prediction models, they do not provide sex-stratified analy-
ses.’371¢ Prospective sex-specific data in biomarker studies from
large-scale cohorts are only available in the primary prevention
setting: the Gutenberg Health Study reports similar predictive
value of iron deficiency in 5000 men and women."”'® The HR for
the association of absolute iron deficiency with all-cause mortality
during 5-year follow-up was 1.97 (95% Cl 1.10-3.53; p =0.02) in
men and 1.77 (95% CI 1.00-3.14; p <0.01) in women."’

Several potential biological mechanisms, like sex-specific dif-
ferences in iron metabolism, erythropoiesis, inflammation, and
hormonal regulation, may explain the differential effects of intra-
venous ferric carboxymaltose in this population of overwhelm-
ingly post-menopausal women and men. It is well known that
oestrogen manipulates intracellular iron metabolism.* Moreover,
elevated levels of oestrogen are associated with increased sys-
temic iron availability, which potentially might alter the therapeutic
response to intravenous iron.* This has been attributed to the
ability of oestrogen to suppress hepcidin synthesis, maintain fer-
roportin integrity, and enhance iron release from iron-absorbing
duodenal enterocytes and iron-storing macrophages and hepato-
cytes.*'? Yang and colleagues examined the effects of 17B-estradiol
(E2) on hepcidin, the key negative regulator of iron absorption
from the liver’ They found that transcription of hepcidin was
suppressed by E2 treatment in human liver HuH7 and HepG2
cells, and this down-regulation was blocked by E2 antagonist ICl
182780.2° Their data suggest that hepcidin inhibition by E2 is to
increase iron uptake, a mechanism to compensate iron loss dur-
ing menstruation that might, in part, explain why women develop
heart diseases later than men during the reproductive phase of
their life.® The mean age among women was 69years at time
of randomization, and thereby much higher than the median age
at natural menopause of 51.4years in high-income countries.?’
One may hypothesize that severely reduced oestrogen levels in
our overwhelmingly post-menopausal population, which leads to
increased hepcidin levels, may alleviate the utilization of the sup-
plemental intravenous iron and thereby explain the differential effi-
cacy in women.? This hypothesis is supported by a study of Hou
and coworkers: they showed that oestrogen deficiency induced by
ovariectomy in mice resulted in a great increase in hepatic hepcidin
levels that led to decreased serum iron levels.??

The adverse effect profile of ferric carboxymaltose in FAIR-HF2
implies some concerns about its optimal treatment regimen in
women. The numerically increased mortality in this population of
overwhelmingly post-menopausal women together with the lack of
beneficial effect on prognostic endpoints, despite symptomatic and
functional improvements, suggests that iron therapy might influ-
ence underlying pathophysiological pathways differently in post-
menopausal women compared to men. It remains unclear whether
these observations are the result of an unfavourable side effect
profile in women. In women, the rates of AEs and SAEs coded
as ‘cardiac disorders’ and ‘infections and infestations’ were clearly
higher in the treatment group. Furthermore, the consequences of
the significant increase in haemoglobin values by 1 g/dl in women
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remains uncertain. In this context, another study has recently given
rise to discussion: the study in 11 women and one man showed
that myocardial iron uptake from standard doses of ferric carboxy-
maltose is independent of the canonical pathway of the reticu-
loendothelial system, and that intravenous iron is delivered into
myocardium rapidly via non-transferrin-bound iron transporters.?
This iron remained in the myocardium in labile form until the
follow-up 6 weeks later. The authors concluded that the accumu-
lation and persistence of myocardial iron in labile form raises the
potential for repeated doses to cause toxicity and thereby lead to
unfavourable prognostic outcomes. A subsequent study in these
patients just recently suggested that myocardial iron intake fol-
lowing intravenous iron therapy with ferric carboxymaltose was
sustained at 1year despite recurrence of iron deficiency.?* Due
to its specific patient characteristics and multiple methodological
shortcomings, the burden of proof of this study is limited, and
forthcoming studies need to validate its potential clinical relevance.

The differential effects of ferric carboxymaltose observed in
FAIR-HF2 do not align with findings from other modern heart fail-
ure therapies. Sex-based analyses of SGLT2 inhibitors dapagliflozin
and empagliflozin, vericiguat, and ARNI (sacubitril/valsartan)
have demonstrated a very homogeneous and consistent efficacy
between men and women.?>2® The contrasting findings from
FAIR-HF2 emphasize the need for dedicated follow-up studies
to evaluate the sex-specific treatment effects of intravenous iron
supplementation in heart failure.

Limitations

Several limitations of the FAIR-HF2 trial should be acknowledged.
First, the median duration of follow-up was 16.6 months, therefore
long-term safety and efficacy analysis is limited. Second, potential
confounders such as differences in baseline comorbidities, medi-
cation adherence, and healthcare access may have influenced the
results. Nevertheless, since women were significantly healthier and
also had much less hospitalizations within the previous 12 months
before randomization, one would intuitively have expected better
outcomes than in men. Finally, longer follow-up and mechanistic
studies are needed to further elucidate the biological underpinnings
of sex differences in response to intravenous iron therapy.

Conclusions

This pre-specified analysis in FAIR-HF2 represents by far the most
comprehensive sex-specific analysis of intravenous iron to date.
The findings are unusual in modern heart failure trials with in
general similar benefits in men and women, and may indicate a lack
of prognostic benefit in women, despite symptomatic and func-
tional improvements, and could therefore implies some concerns
regarding the potential for increased mortality in women receiving
intravenous iron replenishment. The results are clinically relevant
and prompt validation via detailed sex-specific analyses in the
other large outcome trials of intravenous iron supplementation in
heart failure.

Our study suggests that the pathophysiology of iron deficiency
and heart failure may differ between sexes, and highlights the need
for sex-specific considerations in heart failure management and

underscore the importance of further research to refine treatment
strategies for iron deficiency in heart failure patients.

Supplementary Information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.
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