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TAGGEDPABSTRACT TAGGEDEND

Background: The 6-minute walk test (6MWT) is widely used to measure exercise capacity;
however, the magnitude of change that is clinically meaningful for individuals is not well
established in heart failure with reduced ejection fraction (HFrEF).
Objective: To calculate the minimal clinically important difference (MCID) for change in exer-
cise capacity in the 6MWT in iron-deficient populations with HFrEF.
Methods: In this pooled secondary analysis of the FAIR-HF and CONFIRM-HF trials, mean
changes in the 6MWT from baseline to weeks 12 and 24 were calculated and calibrated
against the Patient Global Assessment (PGA) tool (clinical anchor) to derive MCIDs in improve-
ment and deterioration.
Results: Of 760 patients included in the 2 trials, 6MWT and PGA data were available for 680
(89%) and 656 (86%) patients at weeks 12 and 24, respectively. The mean 6MWT distance at
baseline was 281 § 103 meters. There was a modest correlation between changes in 6MWT and
PGA from baseline to week 12 (r= 0.31; P< 0.0001) and week 24 (r= 0.43; P< 0.0001). Respec-
tive estimates (95% confidence intervals) of MCID in 6MWT at weeks 12 and 24 were 14 meters
(5;23) and 15 meters (3;27) for a “little improvement” (vs no change), 20 meters (10;30) and
24 meters (12;36) for moderate improvement vs a “little improvement,”, -11 meters (-32;9.2)
and -31 meters (-53;-8) for a “little deterioration” (vs no change), and -84 meters (-144;-24) and
-69 meters (-118;-20) for “moderate deterioration” vs a “little deterioration”.
Conclusions: The MCID for improvement in exercise capacity in the 6MWT was 14 meters�15
meters in patients with HFrEF and iron deficiency. These MCIDs can aid clinical interpretation
of study data. (J Cardiac Fail 2023;29:760�770)
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TaggedPImpaired functional capacity is common in
patients with heart failure (HF).1 With increasing
focus on patient preference for better overall health
status, in addition to a reduction in the use of tradi-
tional disease-specific endpoints, such as morbidity
and mortality,2,3 therapeutic targets in patients with
HF have expanded to encompass improvements in
functional capacity and health status (health-related
quality of life).4 The 6-minute walk test (6MWT) is
an indicator of exercise capacity and prognosis in
various cardiopulmonary conditions.5�9 The 6MWT
is 1 of the common instruments used to measure
changes in exercise capacity in patients with HF and
is increasingly included as a clinical trial endpoint in
HF studies.10,11 However, an understanding of the
magnitude of change that is clinically meaningful to
the patient (the minimal clinically important differ-
ence [MCID]) is fundamental to the interpretation of
changes in 6MWT and decision making regarding
the effectiveness of an intervention. TaggedEnd
TaggedPA wide range of 6MWTMCIDs has been previously

reported across differing patient populations and
studies: in patients with lung diseases, MCIDs rang-
ing from 10�80 meters have been reported12,13; in
patients with pulmonary arterial hypertension, the
estimated MCID was approximated at 33 meters14;
and in older adults with mobility impairments, the
MCID has been estimated at 19�22 meters.15 In
patients with HF specifically, studies have suggested
MCIDs ranging from 22�90 meters.5,16 This large
variation is likely to be due to the significant hetero-
geneity in 6MWT distances observed in patients
with similar symptomatic presentations (within the
same New York Heart Association [NYHA] class),17

to differing study methods, to small sample sizes,
and to proportions of patients lost to follow-up;
nevertheless, the MCIDs for 6MWT changes in
patients with HF have not been well established. TaggedEnd
TaggedPIn the FAIR-HF (Ferinject Assessment in Patients

with Iron Deficiency and Chronic Heart Failure18)
and the CONFIRM-HF (Ferric CarboxymaltOse evalu-
atioN on perFormance in patients with IRon
TaggedEnd Table 1. Key Characteristics of the Two In

FAIR-HF18,20

Randomization 2:1 (FCM:placebo)
Number of patients 459 (FCM: 304; placebo: 155)
Study duration 24 weeks
Patient population and HF details Ambulatory patients with optimally

(NYHA class II/III) and iron deficien
Hemoglobin �9.5 and �13.5 g/dL
Primary endpoint Change in PGA score and NYHA cla

line to week 24

*304 patients were randomized, but only 301 received study treatmen
CONFIRM-HF, Ferric CarboxymaltOse evaluatioN on perFormance in pat
ure; FAIR-HF, Ferinject Assessment in Patients with Iron Deficiency and C
NYHA, New York Heart Association; PGA, patient global assessment; 6M
deficiency in coMbination with chronic Heart Fail-
ure19) studies, intravenous ferric carboxymaltose
(FCM) (a nanoparticle iron-carbohydrate complex)
improved mean 6MWT distance vs placebo in
patients with HF with reduced ejection fraction
(HFrEF) and iron deficiency. In this analysis, we used
an anchor-based approach to establish 6MWTMCIDs
in a large, pooled cohort of FAIR-HF and CONFIRM-
HF patients, in association with FCM or placebo,
using randomized clinical trial data.TaggedEnd
TaggedH1Methods TaggedEnd

TaggedPThe data for this analysis were drawn from 2 dou-
ble-blind, placebo-controlled, parallel-group trials
that evaluated the effects of intravenous FCM vs pla-
cebo in ambulatory patients with HFrEF and iron
deficiency: FAIR-HF18 and CONFIRM-HF.19 The
detailed designs and inclusion criteria for these stud-
ies have been published previously20,21; key study
characteristics are shown in Table 1. The trials were
approved by the appropriate regulatory authorities
and ethics committees at each participating center,
and all patients who participated in the individual
randomized controlled trials provided written
informed consent. The trials were conducted in strict
compliance with the guidelines for Good Clinical
Practice of the International Council for Harmoniza-
tion and with the Declaration of Helsinki. TaggedEnd

TaggedH2Assessment of Exercise Capacity Measurements TaggedEnd

TaggedPThe 6MWT is a submaximal exercise test that
involves measuring the distance walked over a span
of 6 minutes. Participants were encouraged to walk
on a straight, flat surface as fast as possible for 6
minutes on a marked course, with pauses as neces-
sary. The maximum distance walked was recorded
and used to estimate exercise capacity at baseline
and weeks 4, 12 and 24 in FAIR-HF, and at baseline
and weeks 6, 12, 24, 36 and 52 in CONFIRM-HF. For
the purpose of this analysis, data from the placebo
cluded Randomised Controlled Trials

CONFIRM-HF19,21

1:1 (FCM:placebo)
301* (FCM: 150; placebo: 151)
52 weeks

treated CHF
cy

Ambulatory patients with optimally treated CHF
(NYHA class II/III) and iron deficiency

<15 g/dL
ss from base- Change in 6MWT distance from baseline to week

24

t and had any postbaseline assessment. CHF, chronic heart failure;
ients with IRon deficiency in coMbination with chronic Heart Fail-
hronic Heart Failure; FCM, ferric carboxymaltose; HF, heart failure;
WT, 6-minute walk test.
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and treatment arms were pooled from both studies
at both the 12- and 24-week time points. TaggedEnd

TaggedH2Assessment of Patients’ Perceptions of Clinical Change TaggedEnd

TaggedPThe Patient Global Assessment (PGA), a general
health-related quality-of-life tool based on a Likert
scale, was administered to evaluate the magnitude
of change in patient-perceived HF status compared
with the start of treatment by using the following
response categories: +3: much improvement; +2:
moderate improvement; +1: a little improvement; 0:
no change; �1: a little deterioration; -2: moderate
deterioration; and -3: much deterioration. The
English version of the PGA has been translated for
clinical use into 14 different languages by profes-
sional translators and double-checked by native-
speaking Vifor Pharma employees. The PGA was
administered at postrandomization visits before any
other interview, assessment or procedure, and in
this analysis, data from the 12- and 24-week time
points were pooled from each study. TaggedEnd

TaggedH2Assessment of Minimal Clinically Important Difference TaggedEnd

TaggedPThe MCID for the 6MWT was evaluated using an
anchor-based approach that calibrates exercise
capacity against a clinically relevant external indica-
tor. PGA, which has been used to assess patients’
condition as directly perceived by the patients and
has been used in several prior MCID calculations,
was chosen as the clinical anchor against which
changes in 6MWT were calibrated.22-24 6MWT mean
change scores were calculated for each category of
change in PGA to estimate the MCID. Patients with
data on PGA and 6MWT at 2 or more time points
were included. The assessment at week 12 was cho-
sen as the key endpoint because it was considered
the most appropriate time point to balance the min-
imum possible time duration required for an inter-
vention to be impactful, considering recall ability
and the risk of patient attrition and missing data.
The assessment at week 24 was used to evaluate the
stability of estimates over longer follow-up dura-
tions.TaggedEnd

TaggedH2Statistical Analysis TaggedEnd

TaggedPData were reported as number (%) for categorical
variables and mean (standard deviation [SD]) for
continuous variables. Patients were stratified by
PGA category (much improvement, moderate
improvement, a little improvement, no change, a lit-
tle deterioration, moderate deterioration, and
much deterioration), and mean (standard error [SE])
change from baseline in 6MWT was calculated for
the subgroup of patients in each category. Anchor-
based MCIDs with 95% confidence intervals (CIs) for
the 6MWT were then calculated by subtracting the
mean change from baseline in the 6MWT score in 1
PGA subgroup from that in the adjacent PGA sub-
group. For example, the mean change in 6MWT for
patients in the “no-change” PGA subgroup was sub-
tracted from the mean change in 6MWT for the
patients in the “little-improvement” PGA subgroup
to give the MCID. MCIDs for “moderate” vs “mild”
and “much” vs “moderate” improvements and cor-
responding deteriorations in 6MWT distance were
similarly calculated. The influence of the treatment
allocation on the MCID was assessed using ANCOVA
(analysis of covariance) of the 6MWT change by PGA
classes, treatment groups and the interaction PGA £
treatment. A similar ANCOVA model was used to
assess whether baseline 6MWT (divided into tertiles)
had any influence on MCID. TaggedEnd

TaggedPCorrelations between changes in 6MWT and PGA
anchor values from baseline to various time points
were calculated using a nonparametric Spearman
rank correlation coefficient to assess the level of
confidence in the interpretation of results. The lin-
earity of the association between the analyzed
6MWT changes (continuous scale) and PGA at weeks
12 and 24 was assessed by analyzing residuals of the
linear regression of each score by PGA. TaggedEnd

TaggedPPatients with missing baseline 6MWT values and/
or who did not have � 1 postbaseline 6MWT and/or
PGA values prior to the time point of interest were
excluded from all analyses. Patients who died or
were hospitalized during the time period of interest
were excluded from the main analysis, as were
patients who did not have values for PGA or 6MWT
at each of the specific 12- and 24-week time points.
For the sensitivity analysis, patients with missing
data who were known to be alive and not hospital-
ized were imputed by using the last observation car-
ried forward, whereas patients who died or were
hospitalized were categorized as having experi-
enced “much deterioration” for the PGA analysis,
and improvement in 6MWT for such patients was
considered 0 meters for that specific time point.
Two-tailed P values were used for all correlation and
regression assessments, with P< 0.05 considered sta-
tistically significant. SAS version 9.4 (SAS Institute,
Cary, NC, USA; 2000�2004) was used to conduct all
analyses. TaggedEnd
TaggedH1Results TaggedEnd

TaggedPOf the 760 patients in the pooled FAIR-HF and
CONFIRM-HF population, 6MWT change from base-
line data were available for 684 (90%) and 660
(87%) patients at weeks 12 and 24, respectively,
while PGA data were available for 685 (90%) and
669 (88%) patients at weeks 12 and 24, respectively.
Overall, 680 patients had baseline 6MWT values and
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nonmissing values for both PGA and 6MWT at week
12, and 656 patients had baseline 6MWT values and
nonmissing values for both PGA and 6MWT at week
24; these patients were included in the main MCID
analysis. The sensitivity analysis with imputation for
death, hospitalization and last observation carried
forward included 738 and 739 patients at weeks 12
and 24, respectively. A flow diagram delineating
patients included in main and sensitivity analyses is
shown in Supplementary Fig. 1. TaggedEnd
TaggedPThe mean (SD) age of the 760 patients was 68 (10)

years, 51% were female, and 67% were in NYHA
class III. Almost all patients (> 99%) were from a
white/European ethnic background. The mean dis-
tance recorded for the 6MWT at baseline was 281 §
103 meters. Table 2 summarizes the pooled baseline
and clinical characteristics of participants enrolled in
the 2 studies. TaggedEnd
TaggedEnd Table 2. Pooled Baseline and Clinical Cha

FCM pool (n = 454)

Age, years 67.8 (10.1)
Female sex 226 (49.8)
White European ethnicity 452 (99.6)
NYHA class III 321 (70.7)
LVEF, % 33.6 (6.7)
BMI, kg/m2 28.1 (4.7)
6MWT distance, m 278.6 (102.8)
Comorbidities
Hypertension 373 (82.2)
Diabetes mellitus 131 (28.9)
Smoking 133 (29.3)
Atrial fibrillation 493 (53.9)
Prior MI 500 (54.7)
Prior stroke 99 (10.8)
Prior coronary revascularisation 312 (34.1)

Hb, g/dL 12.1 (1.3)
Hb category
<10 g/dL 26 (5.7)
�10 and <12 g/dL 181 (39.9)
�12 g/dL 247 (54.4)

Serum ferritin, ng/mL 54.0 (52.6)
Serum ferritin category
<50 ng/mL 266 (58.6)
�50 and <100 ng/mL 138 (30.4)
�100 ng/mL 50 (11.0)

TSAT, % 18.5 (14.5)
TSAT category
�10% 94 (20.7)
>10 and �20% 213 (46.9)
>20% 147 (32.4)

eGFR, mL/min/1.73 m2 64.4 (20.8)
eGFR <60 mL/min/1.73 m2 179 (39.4)
Ischemic HF etiology 370 (81.5)
Concomitant medication
ARNI or SGLT2 inhibitor 0 (0.0)
ACEI or ARB or ARNI 423 (93.2)
Beta-blocker 393 (86.6)
Aldosterone antagonists 237 (52.2)
Triple therapy 194 (42.7)

Values are mean (SD) for continuous variables and n (%) for categoric
ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin rece

body mass index; CKD-EPI, Chronic Kidney Disease Epidemiology Collabo
boxymaltose; Hb, hemoglobin; LVEF, left ventricular ejection fraction; M
standard deviation; TSAT, transferrin saturation; 6MWT, 6-minute walk
TaggedH2Correlation Between Change in 6MWT Distance and PGA
ScoreTaggedEnd

TaggedPThere were statistically significant but modest cor-
relations between change in 6MWT and PGA score
from baseline to week 12 (r = 0.31; P < 0.0001) and
week 24 (r = 0.43; P < 0.0001) (Supplementary Fig. 2
and 3). For changes in 6MWT at weeks 12 and 24, no
substantial deviations from a normal distribution
were detected, and there were low correlations
with PGA (expressed as deterioration and improve-
ment). TaggedEnd
TaggedH2Mean Change in 6MWT Distance Across PGA Categories TaggedEnd

TaggedPThe distributions of patients across the 7 PGA cat-
egories (from much improvement to much deterio-
ration) at weeks 12 and 24 are shown in Fig. 1, and
racteristics of the Included Patients

Placebo pool (n = 306) Total (N = 760)

68.2 (10.4) 68.0 (10.2)
159 (52.0) 385 (50.7)
305 (99.7) 757 (99.6)
186 (60.8) 507 (66.7)
34.7 (6.9) 34.1 (6.8)
28.6 (5.4) 28.3 (5.0)
285.1 (104.2) 281.2 (103.3)

259 (84.6) 632 (83.2)
82 (26.8) 213 (28.0)
82 (26.8) 215 (28.3)
431 (57.7) 924 (55.6)
395 (52.9) 895 (53.9)
103 (13.8) 202 (12.2)
278 (37.2) 590 (35.5)
12.2 (1.4) 12.1 (1.3)

12 (3.9) 38 (5.0)
120 (39.2) 301 (39.6)
174 (56.9) 421 (55.4)
58.6 (55.6) 55.9 (53.8)

172 (56.2) 438 (57.6)
95 (31.1) 233 (30.7)
39 (12.8) 89 (11.7)
17.4 (8.3) 18.1 (12.4)

61 (19.9) 155 (20.4)
140 (45.8) 353 (46.5)
105 (34.3) 252 (33.2)
64.2 (22.5) 64.3 (21.5)
137 (44.8) 316 (41.6)
249 (81.4) 619 (81.4)

0 (0.0) 0 (0.0)
283 (92.5) 706 (92.9)
267 (87.3) 660 (86.8)
147 (48.0) 384 (50.5)
122 (39.9) 316 (41.6)

al variables.
ptor blocker; ARNI, angiotensin receptor-neprilysin inhibitor; BMI,
ration; eGFR, estimated glomerular filtration rate; FCM, ferric car-
I, myocardial infarction; NYHA, New York Heart Association; SD,

test.



TaggedFigure

Fig. 1. Patient distribution across PGA categories at weeks 12 and 24. The figure shows the percentage of patients (N = 760)
in each of the PGA categories at week 12 and week 24. The PGA categories (much improvement, moderate improvement, a
little improvement, no change, a little deterioration, moderate deterioration, and much deterioration) are coded accord-
ing to the color legend shown in the figure. No imputation was performed in this analysis. HfrEF, heart failure with
reduced ejection fraction; PGA, patient global assessment. TaggedEnd

TaggedEnd764 Journal of Cardiac Failure Vol. 29 No. 5 May 2023
the mean changes in 6MWT distance within each of
these PGA categories at weeks 12 and 24 are shown
in Fig. 2. At week 12, 45 patients (7%) had experi-
enced “much improvement”, 162 (24%) had experi-
enced “moderate improvement”, 223 (33%) had

TaggedFigure

Fig. 2. Mean change in 6MWT across PGA categories at weeks 1
distance from baseline to week 12 and week 24 in each PGA sub
tle improvement, no change, a little deterioration, moderate d
the color legend shown in the figure. No imputation was per
patient global assessment; SE, standard error.TaggedEnd
experienced “little improvement”, and 221 (32%)
had experienced “no change” in PGA score vs base-
line. The mean (SE) change in 6MWT distance was
57 meters (10 meters) for those with “much
improvement” in PGA score; 45 meters (4 meters)
2 and 24. The figure shows the mean (SE) change in 6MWT
group (much improvement, moderate improvement, a lit-
eterioration, and much deterioration) coded according to
formed in this analysis. 6MWT, 6-minute walk test; PGA,
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for those with “moderate improvement” in PGA
score; 26 meters (3 meters) for those with a “little
improvement” in PGA score; and 12 meters (3
meters) for those with “no change” in PGA score;
results were similar at week 24 (Fig. 2).TaggedEnd
TaggedPAt week 12, 26 patients (4%) had experienced “lit-

tle deterioration” in PGA score vs baseline, and 8
patients (1%) had experienced “moderate deterio-
ration”; no patients experienced “much deteriora-
tion”. These results were similar at week 24 (Fig. 1).
The mean (SE) change in 6MWT distance was 1
meter (10 meters) for those with little deterioration
and -84 meter (43 meters) for those with moderate
deterioration in PGA score at week 12; correspond-
ing values at week 24 were -19 meters (8 meter) and
-87 meters (36 meter), respectively (Fig. 2).TaggedEnd
TaggedH2Estimates of Minimal Clinically Important Difference TaggedEnd

TaggedPThe results of the 6MWT MCID main, treatment
subset, and sensitivity analyses at weeks 12 and 24
are shown in Table 3. Using PGA as the clinical
anchor, the MCID (95% CI) for “little improvement”
(vs “no change”) in 6MWT in the main analysis was
14 meters (5;23) at week 12 and 15 meters (3;27) at
week 24, and the MCID for “little deterioration” (vs
“no change”) was -11 meters (-32;9) at week 12
and -31 meters (-53;-8) at week 24. The estimated
MCID (95% CI) for “moderate improvement” vs
“little improvement” was 20 meters (10;30) at
week 12 and 24 meters (12;36) at week 24, whereas
the MCID for ‘moderate deterioration’ vs “little
deterioration” was -84 meters (-144;-24) at week 12
and -69 meters (-118;-20) at week 24. The estimated
TaggedEnd Table 3. MCID for Improvement and Deter

MC

Improvement

PGA
subgroups

Little (vs no
change)

Moderate
(vs little)

Much (vs
moderate)

L
c

Main Analysis
Week 12 13.8 (5.1; 22.5) 19.7 (9.7; 29.6) 11.6 (-7.6; 30.7) -
Week 24 15.0 (3.4; 26.7) 24.2 (12.4; 36.0) 13.4 (-1.7; 28.4) -

FCM Subset Analysis
Week 12 17.7 (6.0; 29.4) 20.7 (8.2; 33.2) 14.9 (-7.2; 37.2) -
Week 24 20.1 (4.4; 35.8) 22.2 (9.0; 35.7) 15.4 (-3.0; 33.8) -

Placebo Subset Analysis
Week 12 5.9 (-7.4; 19.1) 3.8 (-11.6; 19.3) 6.3 (-26.8; 39.3) 2
Week 24 5.3 (-12.2; 22.8) 15.7 (-7.7; 39.1) 10.1 (-10.8; 31.1) -

Sensitivity Analysis*
Week 12 14.1 (5.6; 22.5) 18.2 (8.5; 27.9) 18.2 (-1.6; 38.0) -
Week 24 16.9 (5.8; 27.9) 23.3 (11.9; 34.8) 16.7 (0.9; 32.4) -

*Including imputation for patients who died or were hospitalized (ca
analysis and 0 meters for improvement in the 6MWT; Note: the meth
MCID is not well established), and the last observation carried forward
and� 1 postbaseline value. CI, confidence interval; MCID, minimal clinic
assessment; 6MWT, 6-minute walk test.
MCID for “much improvement” vs “moderate
improvement” was 12 meters (-8;31) at week 12
and 13 meters (-2;28) at week 24. Estimates of the
MCID for “much deterioration” vs “moderate dete-
rioration” could not be calculated due to a lack of
patients with “much deterioration” in PGA score at
either time point. Results of the sensitivity analysis,
including patients who died or were hospitalized,
and using imputations are also shown in Table 3. TaggedEnd

TaggedPOn assessing the significance of treatment allo-
cation on the MCID, none of the interactions were
found to be statistically significant (P values for lit-
tle improvement vs no change, moderate improve-
ment vs little improvement, much improvement vs
moderate improvement, little deterioration vs no
change, and moderate deterioration vs little dete-
rioration were 0.19, 0.13, 0.69, 0.13 and 0.93,
respectively, at week 12. For week 24, P values
were 0.21, 0.61, 0.75, 0.22, and 0.40, respectively),
but a clear scale effect was observed; there was a
larger difference between the PGA classes in the
FCM group compared with placebo. Similarly, no
statistically significant interaction was seen on ana-
lyzing the influence of baseline tertiles (< 240
meters [n = 244], 240� < 321 meters [n = 262] and
> 321 meters [n = 253]) of 6MWT on MCID (P values
for little improvement vs no change, moderate
improvement vs little improvement, much
improvement vs moderate improvement, little
deterioration vs no change, and moderate deterio-
ration vs little deterioration were 0.15, 0.22, 0.16,
0.32, and 0.47, respectively, at week 12. For week
24, P values were 0.71, 0.77, 0.67, 0.25, and 0.30,
respectively). However, a scale effect was
ioration in 6MWT at Weeks 12 and 24

ID (95% CI), m

Deterioration

ittle (vs no
hange)

Moderate
(vs little)

Much
(vs moderate)

11.1 (-31.5; 9.2) -84.2 (-144.0; -24.3) N/A
30.8 (-53.2; -8.4) -68.8 (-117.9; -19.8) N/A

28.8 (-56.8; -0.6) -81.6 (-167.1; 3.8) N/A
11.9 (-53.4; 29.6) -94.5 (-191.2; 2.1) N/A

.9 (-26.2; 32.0) -86.6 (-177.9; 4.8) N/A
40.7 (-65.5;-15.9) -53.0 (-110.1; 3.9) N/A

11.6 (-31.3; 8.2) -73.1 (-129.0; - 17.3) -154.0 (-274.5; -33.6)
25.4 (-46.9; -3.9) -60.2 (-106.9; -13.6) -169.1 (-247.3; -90.9)

tegorized as having experienced much deterioration for the PGA
od for handling of deaths and hospitalizations when computing
for patients known to be alive and not hospitalized with baseline
ally important difference; N/A, not available; PGA, patient global
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observed; patients who had lower baseline distan-
ces showed greater improvement. TaggedEnd

TaggedH1Discussion TaggedEnd

TaggedPIn this pooled analysis of patients with HFrEF and
iron deficiency, we report 2 key findings. First, MCID
estimates of “little improvement” vs “no change” in
6MWT among patients with HFrEF and iron defi-
ciency were 14 meters and 15 meters at weeks 12
and 24, respectively. This suggests that even small
changes in the 6MWT are clinically meaningful, with
the MCID for improvement remaining largely similar
between the 2 time points studied. Second, MCID
estimates of “little deterioration” in the 6MWT
among patients with HFrEF and iron deficiency were
-11 meters and -31 meters at weeks 12 and 24,
respectively. These results suggest that, in contrast
to improvements, the MCID for deterioration may
become greater and more difficult to achieve over
longer follow-up durations. Together, these results
have clinical implications because data on MCID in
distance walked during the 6MWT can aid clinicians
and researchers in establishing therapeutic thresh-
olds that are objective, measurable and patient-cen-
tered. These, in turn, can be used to assess the
efficacy of interventions for improving the exercise
capacity of patients with HFrEF and iron deficiency. TaggedEnd

TaggedH2Comparison With MCIDs Observed in Other Analyses TaggedEnd

TaggedPCompared with previous studies that used the
Global Rating Scale (GRS) as a clinical anchor to
investigate MCIDs for the 6MWT in patients with HF,
the MCID estimates observed in our analysis of the
study’s patients who had HFrEF and iron deficiency
were lower25,26; using a 15-point GRS collapsed to 7
levels as a clinical-based anchor, Spertus et al.
reported an estimate of 55 meters for moderate
improvement over a 6-week time period,23 com-
pared with 34 meters at 12 weeks in this study; using
a 5-point GRS, O’Keeffe et al. found clinically mean-
ingful changes of 43 meters to correspond with “lit-
tle improvement” at 4-week follow-up,25 in contrast
to the 14 meters at 12 weeks observed here. How-
ever, these prior studies were limited by small sam-
ple sizes, and a large proportion of patients were
lost to follow-up. TaggedEnd
TaggedPIt should also be noted that MCIDs are not univer-

sal and cannot be used to compare different patient
populations27; rather, MCIDs are more contextual,
depending on various factors, such as baseline char-
acteristics and demographics, disease severity, the
clinical anchor used, and calculation methods.27�29

This may have accounted for the lower MCIDs
observed in the current analysis of patients with
HFrEF and iron deficiency. In this analysis, the MCIDs
for deterioration were -11 meters and -31 meters at
weeks 12 and 24, respectively, indicating that even
small deteriorations in 6MWT distance can be clini-
cally meaningful. However, it should be noted that
in patients with HFrEF, the 6MWT distance is an
independent predictor of poorer survival and
greater likelihood of hospitalization.30 Therefore,
patients who have already experienced even small
deteriorations in their condition and have achieved
a correspondingly shorter 6MWT distance may be at
risk of poorer outcomes; this, rather than just the
degree of change in 6MWT distance, needs to be
taken into account. To the best of our knowledge,
this is the first study to report estimates of MCID for
improvement and deterioration in the 6MWT in
patients with HFrEF and iron deficiency (with or
without anemia) using clinical trial data. It is also
important to emphasize that although “little
improvement” has generally been considered MCID,
other authors have used varying thresholds, such as
“moderate improvement,” to define MCID. These
differences exist because of the different percep-
tions of what is “clinically meaningful.” The clinically
meaningful thresholds may vary based on several
factors, such as invasiveness and the cost of the
intervention. TaggedEnd

TaggedH2Magnitudes of MCID Across the Spectrum of
Improvements and Deteriorations TaggedEnd

TaggedPWe found that the MCIDs for “little improve-
ment” (vs “no change”), for “moderate improve-
ment” (vs “little improvement”), and for “much
improvement” (vs “moderate improvement”) in the
6MWT were consistent and ranged from 12�20
meters between categories. Moreover, it is impor-
tant to note that the MCID for “little improvement”
(vs no change) remained relatively stable between
weeks 12 and 24 (14 meters and 15 meters, respec-
tively), indicating that improvements may remain
stable over longer follow-ups. In contrast, the MCID
for “little deterioration” (vs no change) showed a
decrease between weeks 12 and 24 (-11 meters and
-31 meters, respectively). We also observed that the
MCID for “moderate deterioration” (vs “little deteri-
oration”) was much larger than that for “moderate
improvement” (vs “little improvement”), indicating
that it may be relatively easier to achieve a moder-
ate clinically meaningful improvement in functional
capacity than to achieve a moderate clinically mean-
ingful deterioration. Future studies should evaluate
MCIDs for improvements and deteriorations for lon-
ger follow-up periods to assess stability and adjust
for measured interventions. TaggedEnd

TaggedH2Use of MCIDs When Interpreting Clinical Trial Data TaggedEnd

TaggedPInterpretation of future clinical trials such as
HEART-FID (Randomized Placebo Controlled Trial of
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Ferric Carboxymaltose as Treatment of Heart Failure
with Iron Deficiency) can be based on the MCIDs pre-
sented in this study.31 For instance, the proportion
of patients who experience clinically meaningful
changes in health in response to treatments can be
reported. In addition, the reported thresholds can
be used to categorize patients as responders or non-
responders in terms of improvement or deteriora-
tion in clinical status, which can then be used to
compare the effectiveness of treatments at an indi-
vidual patient level so as to establish the minimum
number of patients needed to treat in order to
detect clinically relevant changes and to measure
the stability of the response. Provided that an ade-
quate safety margin is considered, clinically relevant
improvements in exercise capacity may also be used
as a measure in the approval process for new thera-
peutic agents.32 Future studies should include other
interventions to further establish MCIDs for
improvement and deterioration in patients with
HFrEF.TaggedEnd
TaggedH2Study Limitations TaggedEnd

TaggedPThere are several limitations in this study. First,
generalizability is limited because the patient popu-
lation consisted mainly of white, adult patients with
HFrEF (predominantly NYHA class III) and with iron
deficiency (with or without anemia). For patients
with different ethnic backgrounds, preserved ejec-
tion fraction, more or less severe NYHA class, and HF
without iron deficiency, different MCIDs may apply.
Second, this analysis assessed only changes over a
relatively short period, 12�24 weeks; some of the
interventions employed, such as interdisciplinary
care, may benefit from longer follow-ups. Third,
approximately 60% of the patients in this analysis
received intravenous FCM; iron repletion in patients
with initial iron deficiency may specifically increase
functional capacity and perceived quality of life by
separate mechanisms. Nevertheless, pooling data
from FCM and placebo arms to calculate MCID
allowed inclusion of subjects across the whole range
of PGA categories, with exploratory, nonsignificant
differences between FCM and placebo arms reflect-
ing high variability across subjects in the subjective
PGA endpoint. Fourth, although the 6MWT is a sim-
ple, low-cost test with good reliability, peak oxygen
consumption is considered the gold-standard for
assessing aerobic capacity.33 However, peak oxygen
consumption is expensive and not easy to measure
and was not recorded in the FAIR-HF and CONFIRM-
HF trials. It was measured in the EFFECT-HF study of
FCM in HfrEF,34 but that study was not included in
the present pooled analysis because of its open-label
design. Last, analysis of MCID for deterioration was
based on a small number of patients, and it can be
expected that post hoc analyses of clinical trials may
favor the responders and survivors. TaggedEnd

TaggedH1Conclusions TaggedEnd

TaggedPIn conclusion, the MCID for improvement in the
6MWT in patients with HFrEF, iron deficiency and a
6MWT distance of 281 meters at baseline was 14
meters at 12 weeks, suggesting that even small
changes in the 6MWT can be clinically meaningful.
Our findings could be used by clinicians to evaluate
the efficacy of specific interventions in improving
exercise capacity. Furthermore, these thresholds
could be used in sample-size calculations in future
trials involving patients with HFrEF, aiding in assess-
ing efficacies and, thus, drug approvals for this pop-
ulation. Further exploration using various clinical
anchors, interventions and calculation methods
should be undertaken in future studies to validate
and establish the MCID for 6MWT in patients with
HFrEF and iron deficiency, with or without anemia. TaggedEnd
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TaggedH1Lay summary TaggedEnd
TaggedP
TaggedEndTaggedP� The 6-minute walk test (6MWT, which measures
the maximum distance a person can walk in 6
minutes) is an indicator of exercise capacity; it is
important to know what the size of change in
the 6MWT distance over time represents in terms
of a meaningful change for an individual. TaggedEnd

TaggedP� In this study of patients with heart failure and
iron deficiency, a 6MWT distance increase of 14
meters or more in 12 weeks was shown to repre-
sent a meaningful improvement, whereas a
decrease of 31 meters or more represented a
meaningful worsening. TaggedEnd

TaggedP� These findings could be used by doctors to evalu-
ate whether certain treatments may provide a
patient with meaningful improvements in exer-
cise capacity. TaggedEnd

TaggedPThis analysis combined data from 2 studies in
patients with heart failure and iron deficiency. A
patient survey was used to measure quality of life,
and the 6-minute walk test (6MWT) was used to mea-
sure exercise capacity. The authors investigated the
magnitude of change in 6MWT distance that corre-
sponded with a meaningful change in quality of life.
Results showed that a 6MWT distance increase of 14
meters or more in 12 weeks represented a meaning-
ful improvement, whereas a decrease of 31 meters or
more represented a meaningful worsening. These
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findings could be used to help doctors interpret the
results of clinical studies.TaggedEnd
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