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BACKGROUND The 6-minute walk test (6MWT) represents a comprehensive functional assessment that is commonly

used in patients with heart failure; however, data are lacking in patients with transthyretin cardiac amyloidosis (ATTR-CA).

OBJECTIVES This study aimed to assess the prognostic importance of the 6MWT in patients with ATTR-CA.

METHODS A retrospective analysis of patients diagnosed with ATTR-CA at the National Amyloidosis Centre who

underwent a baseline 6MWT between 2011 and 2023 identified 2,141 patients, of whom 1,118 had follow-up at 1 year.

RESULTS The median baseline 6MWT distance was 347 m (Q1-Q3: 250-428 m) and analysis by quartiles demonstrated

an increased death rate with each distance reduction (deaths per 100 person-years: 6.3 vs 9.2 vs 13.6 vs 19.0; log-rank

P < 0.001). A 6MWT distance of <350 m was associated with a 2.2-fold higher risk of mortality (HR: 2.15; 95% CI:

1.85-2.50; P < 0.001), with a similar increased risk across National Amyloidosis Centre disease stages (P for

interaction ¼ 0.761) and genotypes (P for interaction ¼ 0.172). An absolute (reduction of >35 m) and relative worsening

(reduction of >5%) of 6MWT at 1 year was associated with an increased risk of mortality (HR: 1.80; 95% CI: 1.51-2.15;

P < 0.001 and HR: 1.89; 95% CI: 1.59-2.24; P < 0.001, respectively), which was similar across the aforementioned

subgroups. When combined with established measures of disease progression (N-terminal pro–B-type natriuretic peptide

progression and outpatient diuretic intensification), each incremental increase in progression markers was associated with

an increased death rate (deaths per 100 person-years: 7.6 vs 13.9 vs 22.4 vs 32.9; log-rank P < 0.001).

CONCLUSIONS The baseline 6MWT distance can refine risk stratification beyond traditional prognosticators. A wors-

ening 6MWT distance can stratify disease progression and, when combined with established markers, identifies patients

at the highest risk of mortality. (J Am Coll Cardiol 2024;84:43–58) © 2024 The Authors. Published by Elsevier on

behalf of the American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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ABBR EV I A T I ON S

AND ACRONYMS

6MWT = 6-minute walk test

ATTR-CA = transthyretin

cardiac amyloidosis

eGFR = estimated glomerular

filtration rate

hATTR-CA = hereditary

transthyretin cardiac

amyloidosis

NAC = National Amyloidosis

Centre

NT-proBNP = N-terminal

pro–B-type natriuretic peptide

ODI = outpatient diuretic

intensification

py = person-years

TTR = transthyretin

wtATTR-CA = wild-type

transthyretin cardiac

amyloidosis
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T ransthyretin cardiac amyloidosis
(ATTR-CA) is a progressive and ulti-
mately fatal cardiomyopathy, char-

acterized by the deposition of misfolded
transthyretin in the form of amyloid fibrils
within the myocardial extracellular space,
which disrupt cardiac structure and func-
tion.1,2 The sporadic, noninherited, wild
type (wtATTR-CA) is a condition of older,
predominantly male individuals, whereas
the hereditary form (hATTR-CA) can present
earlier in life with a varying clinical pheno-
type, often comprising both restrictive car-
diomyopathy and polyneuropathy.3,4

The 6-minute walk test (6MWT) is a well-
established measure of functional exercise
capacity and has demonstrated utility in the
stratification of prognosis and assessment of
treatment response in patients with heart
failure in both clinical practice and clinical
trials.5,6
SEE PAGE 59
This metric has been widely used in clinical trials
to assess the efficacy of ATTR-specific disease modi-
fiers.7-9 Tafamidis and acoramidis, both highly spe-
cific transthyretin (TTR) stabilizers, reduce the
composite of all-cause mortality and cardiovascular-
related hospitalization in patients with ATTR-CA.
The ATTR-ACT (Safety and Efficacy of Tafamidis in
Patients With Transthyretin Cardiomyopathy) and
ATTRibute-CM (Efficacy and Safety of AG10 in Sub-
jects with Transthyretin Amyloid Cardiomyopathy)
trials demonstrated that along with reduced all-cause
mortality and cardiovascular-related hospitalization,
treatment with tafamidis and acoramidis was associ-
ated with a slower rate of decline in 6MWT dis-
tance.7,8 More recently, the efficacy of the RNA
interference agent patisiran was assessed in the
APOLLO-B (A Study to Evaluate Patisiran in Partici-
pants With Transthyretin Amyloidosis With Cardio-
myopathy) trial, where the primary endpoint was the
change in 6MWT at 1 year, and treatment with pati-
siran was shown to slow the rate of decline in 6MWT
distance.9

The only drug currently approved for the treat-
ment of ATTR-CA is tafamidis.7 However, several
novel compounds that inhibit TTR synthesis and
subsequent amyloid formation are in advanced stages
of development and are likely to become available
soon in clinical practice.10 Worsening in functional
capacity is one of the key elements in the assessment
of disease progression and might highlight the need
to switch to alternative agents with different
mechanisms of action or consider combination ther-
apy. Objective assessment of functional capacity with
the 6MWT will therefore be crucial in guiding treat-
ment decisions.

Despite widespread use of the 6MWT in clinical
trials and the potential key role of the 6MWT in
clinical practice, the prognostic importance of the
6MWT distance in patients with ATTR-CA as well as
the significance of changes in 6MWT distance over
time are yet to be characterized.

The aims of this study were to assess the prog-
nostic importance of the baseline 6MWT distance and
assess the prognostic importance of a change in
6MWT distance as a marker of disease progression in
a large cohort of patients with ATTR-CA.

METHODS

This is a retrospective observational cohort study of
patients diagnosed with ATTR-CA at the National
Amyloidosis Centre (NAC) between 2011 and 2023.
The diagnosis of ATTR-CA was established on the
basis of validated diagnostic criteria,11 and patients
who underwent a baseline 6MWT in accordance with
the American Thoracic Society guidelines were
eligible for inclusion.12 All patients underwent ge-
netic sequencing of the TTR gene and provided
written consent for their data to be retrospectively
analyzed and published, in line with the Declaration
of Helsinki and approval from the Royal Free Hospital
ethics committee (REC 21/PR/0620).

STATISTICAL ANALYSIS. Statistical analysis was
performed using Stata, release 17 (StataCorp). All
continuous variables were tested for normality (Sha-
piro-Wilk test) and are presented as mean � SD if the
distribution is normal or median (Q1-Q3) otherwise,
other than N-terminal pro–B-type natriuretic peptide
(NT-proBNP), which was log-transformed for bivar-
iate testing. The independent-samples Student’s
t-test was used to compare means if the data were
normally distributed in each group, or its nonpara-
metric equivalent was used to compare the distribu-
tions of the 2 groups. One-way analysis of variance if
the data were normally distributed in each group was
used to compare means in more than 2 groups, or its
nonparametric equivalent was used to compare the
distributions of multiple groups. A significant result
was followed by post hoc Bonferroni corrected pair-
wise comparisons to establish where differences lay.
Categorical data are presented as absolute number
and frequency (%) and compared using the chi-
square test.

The relationships between the change in 6MWT,
baseline characteristics, and other established
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markers of disease progression were assessed using
linear regression, with the outcome variable being
the 1-year 6MWT distance and explanatory variables
being the baseline 6MWT distance and either
NT-proBNP progression (defined as an increase of
>700 ng/L and >30%) or outpatient diuretic intensi-
fication (ODI) (defined as any initiation or increment
in the dosage of loop diuretic [furosemide equiva-
lent]).13 To assess whether the decline in 6MWT
changed according to the time period, the population
was divided into a historical cohort (pre-2017) and a
contemporary cohort (post-2017). The relationship
was estimated by preforming a linear regression
analysis, with the outcome variable being the 1-year
6MWT distance and the explanatory variables being
the baseline 6MWT distance and the group being
evaluated. The estimated regression coefficient rep-
resented the estimated difference in means at 1 year
after adjustment for the baseline value. All variables
with a P value of <0.10 in the univariable analysis
were included in the multivariable analysis.

The optimal cutpoints for the baseline 6MWT dis-
tance and change in 6MWT distance at 1 year were
established using time-dependent receiver operating
characteristic curves, followed by the Youden
method. The optimal cutpoint for the baseline 6MWT
distance was 336 m (sensitivity: 56.5%, specificity:
64.0%), and a cutpoint of 350 m (sensitivity: 61.1%,
specificity: 58.5%) was a good discriminator of sur-
vival by the log-rank test. The optimal cutpoint for
the absolute change in 6MWT distance at 1 year was
–35 m (sensitivity: 47.1%, specificity: 71.3%), and this
was a good discriminator of survival by the log-rank
test. The optimal cutpoint for a relative change in
6MWT distance was –5.5% (sensitivity: 57.6%, speci-
ficity: 62.2%), and cutpoint of a reduction of –5%
(sensitivity: 58.3%, specificity: 61.3%) was a good
discriminator of survival by the log-rank test. An ab-
solute worsening of the 6MWT distance was defined
as a reduction of >35 m, and a relative worsening was
defined as a reduction of >5%, which exceeded the
previously reported minimal clinically important
difference in patients with chronic heart failure.14-16

Survival was evaluated using Cox proportional
hazards regression analysis, providing estimated HRs
with 95% CIs. The proportional hazards assumption
was checked and confirmed using weighted Schoen-
feld residuals. The initial survival analysis evaluated
the association between baseline 6MWT distance and
all-cause mortality. Significant results were followed
by internal validation of the model, which was ach-
ieved by performing a bootstrapping procedure with
500 repeats, affording a comparison of the percentile
and bias-corrected methods to ensure the results
were unbiased, followed by a sensitivity analysis
whereby patients were censored at the start date of
disease-modifying therapy and clinical trials to ac-
count for their impact on survival. To assess the po-
tential modification of effects across different
baseline characteristics, additional models were
created with an interaction term, and the equality of
coefficients associated with the interaction term was
explicitly tested. Multivariable Cox regression models
were adjusted for known predictors of mortality, and
collinearity was assessed using variance inflation
factors with the threshold equal to 5.

The likelihood ratio test was used to evaluate the
contribution of adding the 6MWT distance to the NAC
disease stage model. The Akaike information criterion
and Harrell C-statistic were calculated to measure the
discriminatory ability of each model. The C-statistics
were compared by randomly dividing the dataset into
2 cohorts (1:1). The models were fitted to the first
cohort, and the C-statistics were compared in the
second cohort using Student’s t-test after creating
jackknife standard errors.

Landmark survival analysis was carried out to
assess the relationship between worsening of the
6MWT distance at the 1-year follow-up timepoint and
all-cause mortality from the 1-year timepoint onward.
Kaplan-Meier curves were constructed to view sur-
vival in different groups. Statistical significance was
defined as P < 0.05.

RESULTS

BASELINE CHARACTERISTICS. The study population
comprised 2,141 patients diagnosed with ATTR-CA, of
whom 1,573 (73.5%) had wtATTR-CA, 292 (13.6%) had
p.(V142I) hATTR-CA, and 276 (12.9%) had non-
p.(V142I) hATTR-CA. The mean age of the population
was 76.5 � 8.4 years, and 1,885 (88.0%) were male.
The median NT-proBNP level was 2,581 ng/L (Q1-Q3:
1,315-4,583 ng/L), the median estimated glomerular
filtration rate (eGFR) was 60 mL/min/1.73 m2 (Q1-Q3:
47-73 mL/min/1.73 m2), and most of the population
had NAC stage 1 (51.1%) or NAC stage 2 (34.2%) disease
(Table 1). During follow-up, 259 patients were enrolled
into clinical trials, and 212 were initiated on disease-
modifying therapy (patisiran: n ¼ 100; tafamidis:
n ¼ 97; inotersen: n ¼ 10; vutrisiran: n ¼ 5).

The median 6MWT distance was 347 m (Q1-Q3: 250-
428 m), and the mean percent predicted distance
corrected for age and height was 71.2% � 27.8%.
Analysis by 6MWT distance quartiles demonstrated
that patients with a shorter 6MWT distance tended to
be older, were more often female, were more often
Afro-Caribbean, and more commonly had the



TABLE 1 Baseline Characteristics for Patients Diagnosed With

ATTR-CA (N ¼ 2,141)

Baseline characteristics

Age, y 76.5 � 8.4

Male 1,885 (88.0)

Ethnicity

White 1,759 (82.2)

Afro-Caribbean 353 (16.5)

Asian 21 (1.0)

Other 8 (0.4)

Genotypes

wtATTR 1,573 (73.5)

p.(V142I) hATTR 292 (13.6)

Non-p.(V142I) hATTR 276 (12.9)

Heart failure severity

NYHA functional class

I 282 (13.2)

II 1,368 (63.9)

III 333 (15.6)

IV 13 (0.6)

Missing 145

6MWT distance, m 347 (250-427)

6MWT, % predicted 71.2 � 26.8

Systolic blood pressure, mm Hg 125.8 � 17.3

Diastolic blood pressure, mm Hg 75.0 � 10.2

Heart rate, beats/min 72.0 � 12.8

Blood biomarkers

NAC stage

1 1,095 (51.1)

2 732 (34.2)

3 314 (14.7)

NT-proBNP, ng/L 2,581 (1,315-4,581)

eGFR, mL/min/1.73 m2 60 (47-73)

Hemoglobin, g/L 138 (127-148)

Serum total bilirubin, mmol/L 13 (9-18)

Alanine transaminase, IU/L 25 (19-33)

Alkaline phosphatase, IU/L 90 (71-119)

GGT, IU/L 67 (32-134)

Echocardiographic parameters

IVSd, mm 16.8 � 2.5

PWTd, mm 16.3 � 3.6

LVEF, % 49.0 � 10.7

Longitudinal strain, % –11.2 � 3.9

E/e0 16.5 � 7.2

Values are mean � SD, n (%), n, or median (Q1-Q3).

ATTR-CA ¼ transthyretin cardiac amyloidosis; eGFR ¼ estimated glomerular
filtration rate; GGT ¼ gamma-glutamyl transferase; hATTR-CA ¼ hereditary
transthyretin cardiac amyloidosis; IVSd ¼ interventricular septum in diastole;
LVEF ¼ left ventricular ejection fraction; NAC ¼ National Amyloidosis Centre;
NT-proBNP ¼ N-terminal pro–B-type natriuretic peptide; PWTd ¼ posterior wall
thickness in diastole; wtATTR-CA ¼ wild-type transthyretin cardiac amyloidosis.
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p.(V142I) genotype. Patients with non-p.(V142I)
hATTR-CA walked the farthest at their baseline
assessment, followed by those with wtATTR-CA and
p.(V142I) hATTR-CA (393 m [Q1-Q3: 293-468 m] vs
351 m [Q1-Q3: 255-426 m] vs 276 m [Q1-Q3: 184-388 m];
P < 0.001); however, after correction for age and
height, patients with wtATTR-CA had the greatest
percent predicted distance, followed by non-p.(V142I)
hATTR-CA and p.(V142I) hATTR-CA (72.9% � 26.3% vs
70.6% � 26.3% vs 62.6% � 27.9%; P < 0.001).

The severity of the cardiac phenotype also wors-
ened with each reduction in 6MWT distance quartile,
as evidenced by a greater proportion of patients being
in NYHA functional class III/IV and a greater propor-
tion having NAC stage 3 (severe) disease, driven by a
significantly higher median NT-proBNP level and
lower eGFR. Patients with a shorter 6MWT also had
higher biomarkers suggestive of hepatic congestion
(elevated alkaline phosphatase and gamma-glutamyl
transferase levels). Assessment of echocardiographic
parameters demonstrated patients with a shorter
6MWT had worse systolic and diastolic left ventricu-
lar function but similar increase in wall thickness
(Table 2). Similar trends were also observed when
patients were divided into quartiles based on their
percent predicted 6MWT distance (Table 3).
WORSENING 6-MWT AT 1 YEAR. At 1 year, 1,118 pa-
tients had a repeat 6MWT. The median absolute
reduction in 6MWT distance was 17 m, and the mean
relative percent reduction was 4.5%. The median
absolute reduction was greater in patients with
p.(V142I) hATTR and those with non-p.(V142I) hATTR
than in patients with wtATTR-CA (33 m vs 33 m vs 13
m; P < 0.001), and a similar trend was observed when
comparing the mean relative percent reduction across
genotypes (9.3% vs 7.9% vs 3.2%; P < 0.001).

At 1 year, 365 (32.7%) patients experienced
NT-proBNP progression (defined as an increase of
>700 ng/L and >30%). Patients who experienced
NT-proBNP progression had a greater decline in
6MWT distance than those with a stable NT-proBNP,
whereby the difference in the mean 6MWT distance
(adjusted for baseline 6MWT distance) between the 2
groups was –37.8 m (95% CI: –48.3 to –27.4 m;
P < 0.001). This relationship was maintained when
NT-proBNP was assessed as a continuous variable
(Supplemental Appendix). At 1 year, 303 (27.1%)
patients experienced ODI. Patients who experienced
ODI also had a greater decline in 6MWT distance than
those with a stable diuretic dosage, with an adjusted
mean difference of –24.5 m (95% CI: –35.7 to –13.3 m;
P < 0.001). A similar trend was observed in the
assessment of the change in percent predicted 6MWT
distance (NT-proBNP progression: –8.4%; 95% CI:
–10.6% to –6.1%; P < 0.001; ODI: –5.1%; 95% CI: –7.5%
to –2.7%; P < 0.001). To assess whether the magni-
tude of 6MWT decline changed over time, patients
were divided into historical (pre-2017: n ¼ 604) and
contemporary cohorts (post-2017: n ¼ 514). Patients in
the historical cohort had a more advanced cardiac
phenotype at diagnosis (Supplemental Table 1) and

https://doi.org/10.1016/j.jacc.2024.04.011
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TABLE 2 Baseline Characteristics for Patients Diagnosed With ATTR-CA Divided by the 6MWT Distance Quartile

6MWT Distance Quartiles

P Value
>427 m
(n ¼ 535)

348-427 m
(n ¼ 535)

250-347 m
(n ¼ 536)

<250 m
(n ¼ 535)

Baseline characteristics

Age, y 71.8 � 9.2a,b,c 76.0 � 8.0d,e 78.4 � 7.0f 79.6 � 7.1 <0.001

Male 503 (94.0)c 481 (89.9)e 481 (89.7)f 420 (78.5) <0.001

Ethnicity <0.001

White 480 (89.7) 459 (85.8)e 431 (80.4)f 389 (72.7)

Afro-Caribbean 50 (9.3) 66 (12.3)e 97 (18.1)f 140 (26.2)

Asian 3 (0.6) 7 (1.3) 6 (1.1) 5 (0.9)

Other 2 (0.4) 3 (0.6) 2 (0.4) 1 (0.2)

Genotypes <0.001

wtATTR 389 (72.7) 412 (77.0)e 408 (76.1)f 364 (68.0)

p.(V142I) hATTR 43 (8.0)a,b,c 52 (9.7) 78 (14.6) 119 (22.2)

Non-p.(V142I) hATTR 103 (19.3)a,b,c 71 (13.3) 50 (9.3) 52 (9.7)

Heart failure severity

NYHA functional class <0.001

I 135 (25.2)a,b,c 60 (11.2)e 57 (10.6)f 30 (5.6)

II 355 (62.6)c 371 (69.3)e 356 (66.4)f 286 (53.5)

III 23 (4.3)c 61 (11.4)e 75 (14.0)f 174 (32.5)

IV 0 (0.0)c 1 (0.2)e 2 (0.4) 10 (1.9)

Missing 22 42 46 35

6MWT, % predicted 97.7 � 15.5a,b,c 83.5 � 11.7d,e 78.4 � 7.0f 35.6 � 15.5 <0.001

Systolic blood pressure, mm Hg 126.7 � 16.2 126.9 � 17.8 125.0 � 17.5 124.7 � 17.7 0.048

Diastolic blood pressure, mm Hg 77.0 � 9.8b,c 75.3 � 10.4 74.2 � 10.1 73.4 � 10.0 <0.001

Heart rate, beats/min 71.9 � 13.3 70.8 � 13.4e 72.4 � 12.1 72.9 � 12.4 0.027

Blood biomarkers

NAC stage <0.001

1 374 (69.9)a,b,c 307 (57.4)d,e 237 (44.2)f 177 (33.1)

2 127 (23.7)a,b,c 176 (32.9)e 219 (40.9) 210 (39.9)

3 34 (6.4)b,c 52 (9.7)e 80 (14.9)f 148 (27.7)

NT-proBNP, ng/L 1,725 (872-3,087)a,b,c 2,384 (1,159-3,826)d,e 3,554 (1,662-4,971)f 3,594 (2,031-6,792) <0.001

eGFR, mL/min/1.73 m2 66 (55-80)a,b,c 61 (51-74)d,e 59 (46-71)f 51 (40-66) <0.001

Hemoglobin, g/L 143 (134-151)a,b,c 139 (130-148)d,e 136 (125-146)f 131 (119-142) <0.001

Serum total bilirubin, mmol/L 13 (9-18) 13 (9-17) 13 (9-20) 13 (9-19) 0.109

Alanine transaminase, IU/L 27 (21-35)a,b,c 25 (19-32)e 25 (19-33)f 23 (18-31) <0.001

Alkaline phosphatase, IU/L 83 (68-102)a,b,c 88 (70-115)d,e 96 (74-125) 101 (76-139) <0.001

GGT, IU/L 57 (29-113)a,b,c 59 (30-115)e 71 (35-139) 82 (36-176) <0.001

Echocardiographic parameters

IVSd, mm 16.7 � 2.7 16.8 � 2.7 16.9 � 2.5 16.8 � 2.4 0.485

PWTd, mm 16.2 � 2.8 16.3 � 2.5 16.4 � 2.7 16.3 � 2.5 0.429

LVEF, % 50.5 � 10.5b,c 50.0 � 10.5d,e 48.2 � 10.8 47.3 � 10.7 <0.001

Longitudinal strain, % –11.9 � 4.0b,c
–11.8 � 3.8d,e

–10.8 � 3.8 –10.5 � 3.6 <0.001

E/e0 14.6 � 6.8a,b,c 16.5 � 7.9e 17.2 � 6.7 17.6 � 7.1 <0.001

Values are mean � SD, n (%), n, or median (Q1-Q3). P values for pairwise comparison. aP < 0.05 for >426 m vs 347-426 m. bP < 0.05 for >426 m vs 250-346 m. cP < 0.05 for >426 m
vs <250 m. dP < 0.05 for 347-426 m vs 250-346 m. eP < 0.05 for 347-426 m vs <250 m. fP < 0.05 for 250-346 m vs <250 m.

Abbreviations as in Table 1.
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experienced a greater decline in the absolute 6MWT
distance than those in the contemporary cohort
(median reduction: 23 m vs 11 m; P ¼ 0.004), with an
adjusted mean difference of –17.1 m (95% CI: –27.2 to
–7.0 m; P ¼ 0.001). A similar trend was observed in
the assessment of the percent predicted 6MWT dis-
tance (–4.5%; 95% CI: –2.3% to –6.7%; P < 0.001).
These variables alongside hATTR-CA and log
NT-proBNP remained independently associated with
a decline in the absolute 6MWT distance and percent
predicted 6MWT distance in a multivariable linear
regression model (Supplemental Table 2).

Worsening of the 6MWT distance was also assessed
as an absolute worsening (reduction of >35 m) and a

https://doi.org/10.1016/j.jacc.2024.04.011


TABLE 3 Baseline Characteristics for Patients Diagnosed With ATTR-CA Divided by the Percent Predicted 6MWT Distance Quartile

6MWT Percent Predicted Quartiles

P Value
>89%

(n ¼ 546)
75%-89%
(n ¼ 522)

55%-74%
(n ¼ 546)

<55%
(n ¼ 527)

Baseline characteristics

Age, y 75.9 � 7.9c 75.6 � 8.5e 76.1 � 9.1f 78.3 � 7.8 <0.001

Male 491 (89.8)c 468 (89.7)e 496 (90.8)f 430 (81.6) <0.001

Ethnicity <0.001

White 474 (86.8)c 455 (87.2)e 444 (81.3)f 386 (73.2)

Afro-Caribbean 65 (11.9)b,c 60 (11.5)d,e 96 (17.6)f 132 (25.0)

Asian 4 (0.7) 6 (1.1) 5 (0.9) 6 (1.1)

Other 3 (0.5) 1 (0.2) 1 (0.2) 3 (0.6)

Genotypes <0.001

wtATTR 431 (78.9)c 396 (75.9)e 402 (73.6)f 344 (65.3)

p.(V142I) hATTR 52 (9.5)c 48 (9.2)e 77 (14.2)f 115 (21.8)

Non-p.(V142I) hATTR 63 (11.5) 78 (14.9) 67 (12.3) 68 (12.9)

Heart failure severity

NYHA functional class <0.001

I 126 (23.1)a,b,c 71 (13.6)d 52 (9.5) 33 (6.3)

II 372 (68.1)c 343 (65.7)e 371 (67.9)f 282 (53.5)

III 32 (5.8)a,b,c 56 (10.7)e 78 (14.2)f 167 (31.7)

IV 0 (0.0)c 0 (0.0)e 3 (0.5) 10 (1.9)

Missing 16 52 42 35

6MWT distance, m 460 (414-515)a,b,c 391 (351-432)d,e 310 (276-349)f 161 (92-211) <0.001

Systolic blood pressure, mm Hg 128.3 � 17.3b,c 126.0 � 17.1 125.2 � 16.8 123.9 � 17.8 <0.001

Diastolic blood pressure, mm Hg 76.0 � 9.9c 75.4 � 10.5e 75.0 � 10.2 73.5 � 10.0 0.001

Heart rate, beats/min 70.1 � 13.5b 71.9 � 12.7 72.9 � 12.7 72.5 � 12.4 0.011

Blood biomarkers

NAC stage <0.001

1 365 (66.8)a,b,c 287 (55.0)e 265 (48.5)f 178 (33.8)

2 131 (24.0)a,b,c 184 (35.2) 210 (38.5) 207 (39.3)

3 50 (9.2)c 51 (9.8)e 71 (13.0)f 142 (26.9)

NT-proBNP, ng/L 1,785 (940-3,281)a,b,c 2,476 (1,311-4,134)e 2,764 (1,357-4,796)f 3,577 (2,009-6,475) <0.001

eGFR, mL/min/1.73 m2 63 (53-78)b,c 63 (50-72)e 59 (48-74)f 52 (40-66) <0.001

Hemoglobin, g/L 142 (132-151)b,c 140 (129-149)d,e 137 (126-146)f 132 (120-143) <0.001

Serum total bilirubin, mmol/L 12 (9-17)b,c 13 (9-18) 13 (9-19) 13 (9-19) 0.005

Alanine transaminase, IU/L 26 (20-34)c 25 (19-34)e 25 (19-32) 24 (18-31) <0.001

Alkaline phosphatase, IU/L 83 (68-105)b,c 89 (70-114)d,e 93 (73-125) 101 (76-140) <0.001

GGT, IU/L 54 (28-105)b,c 65 (32-118)e 70 (32-143)f 84 (38-185) <0.001

Echocardiographic parameters

IVSd, mm 16.6 � 2.6 17.0 � 2.7 16.8 � 2.6 16.7 � 2.4 0.035

PWTd, mm 16.1 � 2.7 16.5 � 2.6 16.4 � 2.7 16.3 � 2.5 0.048

LVEF, % 51.2 � 10.2a,b,c 49.0 � 10.5e 48.5 � 11.0 47.1 � 10.7 <0.001

Longitudinal strain, % –12.0 � 4.0b,c
–11.5 � 3.8e

–11.0 � 3.8 –10.4 � 3.6 <0.001

E/e0 15.3 � 7.1a,b,c 16.5 � 6.6e 17.0 � 7.9 17.1 � 7.0 <0.001

Values are mean � SD, n (%), n, or median (Q1-Q3). P values for pairwise comparison. aP < 0.05 for >89% vs 75%-89%. bP < 0.05 for >89% vs 55%-74%. cP < 0.05 for
>89% vs <55%. dP < 0.05 for 75%-89% vs 55%-74%. eP < 0.05 for 75%-89% vs <55%. fP < 0.05 for 55%-74% vs <55%.

Abbreviations as in Table 1.

Ioannou et al J A C C V O L . 8 4 , N O . 1 , 2 0 2 4

6-Minute Walk Test in Cardiac ATTR Amyloidosis J U L Y 2 , 2 0 2 4 : 4 3 – 5 8

48
relative worsening (reduction of >5%). At 1 year, 429
(38.4%) patients experienced an absolute worsening
of the 6MWT, and 548 (49.0%) experienced a relative
worsening of the 6MWT. Patients who experienced
worsening more commonly had the p.(V142I) or non-
p.(V142I) genotype than wtATTR-CA, a lower eGFR
level, and a lower hemoglobin level (Table 4). Patients
in the historical cohort more commonly experienced
an absolute (258 [42.7%] vs 171 [33.3%]; P ¼ 0.001) and
relative worsening (320 [53.0%] vs 228 [44.4%];
P ¼ 0.004) of the 6MWT distance.
SURVIVAL. Baseline 6MWT and risk stratification. At a
median follow-up of 43.1 months (Q1-Q3: 14.2-
60.0 months), analysis by baseline 6MWT distance
quartiles demonstrated a significant increase in
death rate with each reduction in 6MWT distance.



TABLE 4 Baseline Characteristics for Patients Who Experienced an Absolute and Relative Reduction in the 6MWT Distance Compared to Those Who

Did Not

Absolute Reduction in 6MWT Distance Relative Reduction in 6MWT Distance

Stable Distance
(n ¼ 689; 61.6%)

Reduction >35 m
(n ¼ 429; ¼ 38.4%) P Value

Stable Distance
(n ¼ 570; 51.0%)

Reduction >5%
(n ¼ 548; 49.0%) P Value

Baseline characteristics

Age, y 75.5 � 8.5 74.7 � 8.2 0.038 75.0 � 8.8 75.3 � 8.1 0.957

Male 621 (90.1) 375 (87.4) 0.156 513 (90.0) 483 (88.1) 0.318

Ethnicity 0.010 0.005

White 574 (83.3) 83 (19.3) 482 (84.6)a 432 (78.8)

Afro-Caribbean 106 (15.4) 83 (19.3) 80 (14.0)a 109 (19.9)

Asian 9 (1.3) 2 (0.5) 8 (1.4) 3 (0.5)

Other 0 (0.0)a 4 (0.9) 8 (1.4)a 3 (0.5)

Genotypes <0.001 0.001

wtATTR 530 (76.9)a 285 (66.4) 443 (77.7)a 372 (67.9)

p.(V142I) hATTR 77 (11.2)a 68 (15.9) 60 (10.5)a 85 (15.5)

Non-p.(V142I) hATTR 82 (11.9)a 76 (17.7) 67 (11.8)a 91 (16.6)

Heart failure severity

NYHA functional class 0.039 0.252

I 101 (14.7) 54 (12.6) 87 (15.3) 68 (12.4)

II 444 (64.4) 307 (71.6)a 374 (65.6) 377 (68.8)

III 125 (18.1) 61 (14.2) 97 (17.0) 89 (16.2)

IV 5 (0.7) 0 (0.0) 1 (0.2) 4 (0.7)

Missing 14 7 11 10

Baseline 6MWT distance, m 365 (264-438) 385 (301-448) 0.005 372 (276-450) 368 (286-434) 0.842

Baseline percent predicted 6MWT, % 72.1 � 25.6 78.0 � 22.2 0.004 73.3 � 25.7 75.4 � 23.3 0.630

Systolic blood pressure, mm Hg 126.5 � 17.0 124.5 � 17.1 0.036 126.3 � 16.8 125.0 � 17.3 0.144

Diastolic blood pressure, mm Hg 75.0 � 10.0 73.9 � 10.5 0.019 75.1 � 10.0 74.0 � 10.4 0.029

Heart rate, beats/min 71.7 � 12.8 72.8 � 14.1 0.420 71.6 � 12.9 72.7 � 13.6 0.267

Blood biomarkers

NAC stage 0.220 0.109

1 404 (58.6) 229 (53.4) 339 (59.5) 294 (53.6)

2 215 (31.2) 149 (34.7) 177 (31.1) 187 (34.1)

3 70 (10.2) 51 (11.9) 54 (9.5) 67 (12.2)

NT-proBNP, ng/L 2,313 (1,115-4,030) 2,436 (1,281-4,224) 0.135 2,286 (1,073-3,958) 2,461 (1,281-4,263) 0.018

eGFR, mL/min/1.73 m2 62 (52-77) 60 (48-74) 0.009 63 (52-77) 59 (48-74) 0.002

Hemoglobin, g/L 140 (130-149) 137 (126-148) 0.006 141 (130-149) 137 (127-148) 0.005

Serum total bilirubin, mmol/L 12 (9-18) 13 (9-18) 0.393 12 (9-17) 13 (9-18) 0.577

Alanine transaminase, IU/L 25 (19-33) 25 (19-33) 0.865 25 (19-34) 25 (19-32) 0.544

Alkaline phosphatase, IU/L 87 (69-114) 87 (68 -115) 0.967 87 (68-114) 87 (70-115) 0.517

GGT, IU/L 63 (30-129) 70 (33-134) 0.327 62 (31-129) 70 (32-133) 0.223

Echocardiographic parameters

IVSd, mm 16.6 � 2.5 16.8 � 2.5 0.111 16.6 � 2.5 16.8 � 2.5 0.112

PWTd, mm 16.2 � 2.6 16.5 � 2.6 0.074 16.1 � 2.6 16.4 � 2.6 0.074

LVEF, % 49.3 � 10.6 49.5 � 10.7 0.702 49.3 � 10.7 49.5 � 10.5 0.628

Longitudinal strain, % –11.3 � 3.7 –11.6 � 3.6 0.181 –11.3 � 3.7 –11.5 � 3.6 0.495

E/e0 15.8 � 7.5 16.2 � 6.5 0.171 15.6 � 7.5 16.4 � 6.7 0.010

Values are mean � SD, n (%), n, or median (Q1-Q3). aP values for pairwise comparison < 0.05.

Abbreviations as in Table 1.
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Compared with patients who walked >427 m, in
whom the death rate was 6.3 deaths per 100 person-
years (py) (95% CI: 5.3-7.6 deaths per 100 py), the
death rate was 9.2 deaths per 100 py (95% CI: 7.8-
10.7 deaths per 100 py) in patients who walked 347
to 426 m, 13.6 deaths per 100 py (95% CI: 11.9-15.6
deaths per 100 py) in patients who walked 250 to
346 m, and 19.0 deaths per 100 py (95% CI: 16.9-21.3
deaths per 100 py) in patients who walked <250 m.
Analysis by percent predicted 6MWT distance
demonstrated a similar incremental increase in
mortality (Figure 1).

In the overall population, the 6MWT distance was
associated with survival (HR: 0.98 for every 10-m



FIGURE 1 Baseline 6-Minute Walk Test Quartiles and Survival
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Kaplan-Meier curves demonstrating the effect of (A) 6-minute walk test distance quartile and (B) percent predicted 6-minute walk test

quartile on survival.
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FIGURE 2 Baseline 6-Minute Walk Test Distance and Survival
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increase; 95% CI: 0.97-0.99 for every 10-m increase;
P < 0.001). Patients with a baseline 6MWT distance
of <350 m had a higher death rate (16.1 deaths per 100
py; 95% CI: 14.7-17.5 deaths per 100 py) than those
with a 6MWT of >350 m (7.7 deaths per 100 py;
95% CI: 6.8-8.6 deaths per 100 py). A baseline 6MWT
distance of <350 m was associated with a 2.2-fold
higher risk of mortality (HR: 2.15; 95% CI: 1.85-2.50;
P < 0.001), and the bootstrapped results indicated
that the coefficients remained constant across the
resamples, suggesting robustness in the association
between a 6MWT distance of <350 m and mortality
(Figure 2). The increased risk associated with a 6MWT
distance of <350 m was consistent across the spec-
trum of NAC disease stages (NAC stage 1 disease: HR:
1.90; 95% CI: 1.48-2.46; P < 0.001; NAC stage 2 dis-
ease: HR: 1.68; 95% CI: 1.34-2.11; P < 0.001; NAC stage
3 disease: HR: 1.62; 95% CI: 1.11-2.36; P ¼ 0.012; P for
interaction ¼ 0.761) and the 3 genotypes (wild type:
HR: 1.99; 95% CI: 1.67-2.37; P < 0.001; p.[V142I]: HR:
1.73; 95% CI: 1.20-2.50; P < 0.001; non-p.[V142I]: HR:
3.07; 95% CI: 1.93-4.88; P < 0.001; P for
interaction ¼ 0.172). The increased risk remained
present regardless of background heart failure ther-
apy and disease-modifying therapies (Supplemental
Table 3).

In a multivariable analysis adjusted for covariates
age, NAC disease stage, and genotype, a 6MWT dis-
tance of <350 m remained independently associated
with mortality (HR: 1.54; 95% CI: 1.31-1.81;
P < 0.001) (Supplemental Table 4). The likelihood
ratio test demonstrated that the addition of a 6MWT
distance of <350 m to the NAC disease stage signifi-
cantly improved the goodness of fit of the model (chi-
square ¼ 53.30; P < 0.001) and significantly improved
the discriminatory ability of the classification
compared to the NAC disease stage alone (Akaike in-
formation criterion: 10,756 vs 10,781; Harrell C-sta-
tistic: 0.66; [95% CI: 0.63-0.68] vs 0.63 [95% CI: 0.60-
0.66]; P < 0.001).
Change in 6MWT and disease progress ion . At 1
year, patients with an absolute reduction in the
6MWT distance of >35 m had a higher mortality rate
(20.3 deaths per 100 py; 95% CI: 18.0-23.1 deaths per
100 py) than those with a stable 6MWT distance (11.5
deaths per 100 py; 95% CI: 10.3-13.1 deaths per

https://doi.org/10.1016/j.jacc.2024.04.011
https://doi.org/10.1016/j.jacc.2024.04.011
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100 py), and a reduction of >35 m was associated with
a 1.8-fold higher risk of mortality (HR: 1.80; 95% CI:
1.51-2.15; P < 0.001). Patients with a relative reduction
in the 6MWT distance of >5% had a higher mortality
rate (19.6 deaths per 100 py; 95% CI: 17.6-22.0 deaths
per 100 py) than those with a stable 6MWT distance
(10.7 deaths per 100 py; 95% CI: 9.4-12.2 deaths per
100 py), and a reduction of >5% was associated with a
1.9-fold higher risk of mortality (HR: 1.89; 95% CI:
1.59-2.24; P < 0.001). The bootstrapped results for
both an absolute reduction of >35 m and relative
reduction of >5% indicate that the coefficients
remained constant across the resamples, suggesting
robustness in the association between the change in
6MWT distance and mortality. In the overall popula-
tion, the model that classified 6MWT worsening as a
relative reduction of >5% had a lower Akaike infor-
mation criterion (6,818 vs 6,825) and marginally
higher Harrell C-statistic (0.59 vs 0.57) than the model
that classified 6MWT worsening as an absolute
reduction of >35 m (Figure 3).

In 2 separate multivariable analyses adjusted for
the covariates age, NAC disease stage, genotype, and
6MWT distance of <350 m, both an absolute reduc-
tion of >35 m (HR: 1.87; 95% CI: 1.57-2.23; P < 0.001)
and relative reduction of >5% (HR: 1.91; 95% CI: 1.60-
2.28; P < 0.001) remained independently associated
with mortality (Supplemental Table 5). Furthermore,
the increased risk of mortality associated with both
an absolute reduction of >35 m and a relative reduc-
tion of >5% was consistent across the spectrum of
NAC disease stages (P for interaction ¼ 0.862 and
0.323, respectively) and the 3 genotypes (P for
interaction ¼ 0.730 and 0.945, respectively) (Central
Illustration). Similarly, the increased risk of mortal-
ity was consistent across patients who walked >350 m
and <350 m at baseline (P for interaction ¼ 0.978 and
0.722, respectively) (Supplemental Table 6).

In a multivariable model with the covariates age,
NAC disease stage, and baseline 6MWT distance
of <350 m, NT-proBNP progression (HR: 1.65; 95% CI:
1.38-1.97; P < 0.001), ODI (HR: 1.58; 95% CI: 1.32-1.89;
P < 0.001), and absolute reduction in 6MWT of >35 m
(HR: 1.70; 95% CI: 1.43-2.03; P < 0.001) remained
independently associated with an increased risk of
mortality. Compared with patients who did not have
any markers of disease progression at 1 year, in whom
the death rate was 7.6 deaths per 100 py (95% CI: 6.2-
9.3), the death rate was 13.9 deaths per 100 py
(95% CI: 12.1-16.1 deaths per 100 py) in patients who
had 1 marker of disease progression, 22.4 deaths per
100 py (95% CI: 19.4-26.1 deaths per 100 py) in pa-
tients with 2 markers of disease progression, and 32.9
deaths per 100 py (95% CI: 25.8-42.0 deaths per
100 py) in patients with 3 markers of disease pro-
gression (Figure 4).

The same variables remained independently asso-
ciated with an increased risk of mortality after
adjustment for a relative reduction in the 6MWT
distance of >5% (NT-proBNP progression: HR: 1.67;
95% CI: 1.40-1.99; P < 0.001; ODI: HR: 1.55; 95% CI:
1.30-1.86; P < 0.001; 6MWT reduction of >5%: HR:
1.73; 95% CI: 1.45-2.07; P < 0.001), and similarly, each
additional marker of progression was associated with
an incremental increased risk of mortality
(Supplemental Table 7). The increased risk associated
with an incremental increase in markers of disease
progression at 1 year was similar across the spectrum
of NAC disease stages (P for interaction ¼ 0.307) and
the 3 genotypes (P for interaction ¼ 0.708).

DISCUSSION

This study is the first, to our knowledge, to compre-
hensively evaluate the importance of the 6MWT in a
large population of patients with ATTR-CA, and it
demonstrated the following: 1) 6MWT distance was
significantly reduced in patients with ATTR-CA, with
the degree of reduction being more severe in older,
female patients with the p.(V142I) genotype and
those with an advanced disease stage; 2) the 6MWT
distance at baseline was independently associated
with mortality; 3) absolute (>35 m) and relative (>5%)
reductions in the 6MWT distance at 1 year were
independently associated with mortality; and 4)
combining worsening 6MWT with established mea-
sures of disease progression enables further refine-
ment of risk and could be highly relevant both in
clinical practice to stratify disease progression and as
an endpoint in clinical trials.

The 6MWT represents a simple and easily per-
formed yet comprehensive, standardized functional
assessment that accurately reflects the severity of
cardiac disease and can risk stratify patients beyond
the conventional biomarkers (NT-proBNP and eGFR)
used in the NAC staging system.17 A baseline distance
of <350 m demonstrates remarkable capacity for
identifying patients at an increased risk of mortality,
with the associated risk being similar across the
spectrum of NAC disease stages and the 3 different
genotypes. Regardless of the cardiac disease severity
or clinical phenotype, the 6MWT can be used along-
side conventional markers to refine risk stratification
during the baseline assessment and identify high-risk
patients who may benefit from a more intensive
treatment strategy and more frequent follow-up.

The 6MWT is the architype functional test that
reflects each individual patient’s capability to

https://doi.org/10.1016/j.jacc.2024.04.011
https://doi.org/10.1016/j.jacc.2024.04.011
https://doi.org/10.1016/j.jacc.2024.04.011


FIGURE 3 Change in 6-Minute Walk Test Distance and Survival
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Landmark Kaplan-Meier curves demonstrating the association between (A) an absolute reduction in the 6-minute walk test distance of >35 m

and (B) a relative reduction in 6-minute walk test distance of >5% at the 1-year timepoint and subsequent survival.
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CENTRAL ILLUSTRATION Prognostic Importance of the 6-Minute Walk Test According to Subgroups

Baseline 6MWT Distance 
• 2,141 patients underwent a baseline
  6MWT
• A shorter 6MWT distance was associated
  with a more severe cardiac phenotype
• A distance of <350 m was associated
  with a 2.2-fold higher risk of mortality
  in the overall population

Change in 6MWT Distance 
• 1,118 patients underwent a follow-up 6MWT
   at 1 year
• Absolute worsening of the 6MWT defined as a
  reduction >35 m was associated with
  NT-proBNP progression and outpatient diuretic
  intensification
• Absolute worsening of the 6MWT was associated
  with a 1.8-fold higher risk of mortality in the
  overall population

Subgroups

Wild type 0.172

NAC stage  1 0.761
NAC stage  2
NAC stage  3

6MWT
<350 m
Is Better

6MWT
<350 m
Is Worse

p.(V142I)
Non-p.(V142I)

HR (95% CI) P for Interaction

1.51 2 3 4 53.5 4.52.5

Subgroups

Wild type 0.730

NAC stage  1 0.862
NAC stage  2
NAC stage  3

Reduction
>35 m
Is Better

Reduction
>35 m
Is Worse

p.(V142I)
Non-p.(V142I)

HR (95% CI) P for Interaction

1.51 2 3 4 53.5 4.52.5

Ioannou A, et al. J Am Coll Cardiol. 2024;84(1):43–58.

The risk of mortality associated with the baseline and change in 6-minute walk test (6MWT) according to subgroups. The first P value for interaction is the interaction

between genotypes, and the second is the interaction between disease stages. NAC ¼ National Amyloidosis Centre.
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conduct activities of daily living, and it is an objective
measure that quantifies exercise capacity in a way
that is important to patients. Therefore, longitudinal
changes in the 6MWT distance have been widely
used to demonstrate the efficacy of ATTR-specific
disease-modifying therapies. However, the change
in 6MWT distance in response to treatment has varied
significantly among different agents.7-9 In the present
study, the historical cohort (pre-2017) experienced a
more rapid decline than the contemporary cohort
(post-2017). This difference is likely to reflect patients
in the contemporary cohort being diagnosed earlier in
the course of their disease, with a milder cardiac
phenotype, and therefore experiencing a slower
decline.1 The impact of disease severity at baseline on
the trajectory of 6MWT distance decline has been
mirrored across different clinical trials. By comparing
the trajectories of 6MWT distance decline in placebo
patients across clinical trials, patients in more recent
trials (ATTRibute-CM) had slower rates of disease
progression compared with those in older trials
(ATTR-ACT), supporting the hypothesis that the rate
of 6MWT distance decline is significantly influenced
by the disease stage at baseline.7,8 In clinical trials,
the treatment effect on the rate of 6MWT distance
decline will depend on the degree of deterioration in
placebo patients, making simple comparisons of
treatment effect across different trials based on
changes in 6MWT challenging. This further empha-
sizes the need to define a minimal clinically impor-
tant difference in the 6MWT at an individual level to
ensure that novel therapies are appropriately
assessed in the changing landscape of the clinical
phenotype of patients with ATTR-CA.

In the current study, which represents the largest
analysis of functional exercise testing in patients with
ATTR-CA to our knowledge, an absolute reduction of
>35 m or a relative reduction of >5% at 1 year was
independently associated with an increased risk of
mortality, even after adjustment for baseline charac-
teristics and other established measures of disease
progression. Furthermore, both absolute and relative
worsening of the 6MWT distance were consistently
associated with a similar increased risk of mortality
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across the spectrum of NAC disease stages and the 3
different genotypes. Patients with both p.(V142I) and
non-p.(V142I) hATTR-CA experienced a more rapid
decline in 6MWT distance than those with wtATTR-
CA, and the presence of a hereditary genotype
remained independently associated with the decline
in 6MWT distance after adjustment for baseline
characteristics and established markers of disease
progression. It is possible that these differences are
explained by intrinsic differences in disease biology
between the different genotypes. The p.(V142I) ge-
notype is associated with a more aggressive and
rapidly progressive cardiomyopathy, whereas the
non-p.(V142I) genotype is most commonly associated
with a mixed phenotype, comprising a cardiomyopa-
thy and peripheral polyneuropathy.18 The progres-
sion of cardiac disease invariably negatively
influences exercise performance, and neuropathic
involvement impairs balance, mobility, coordination,
and postural stability, the combination of which are
all assessed during the 6MWT. This illustrates the
utility of the 6MWT as a comprehensive measure of
functional capacity and its importance in monitoring
the complex and multifaceted ATTR-CA disease pro-
cess. The novel definitions of 6MWT worsening
identified in this study could easily be applied in
clinical practice to guide optimization of treatment
strategies and as an endpoint in clinical trials. The use
of 6MWT worsening as a surrogate marker of disease
progression in clinical trials would enable the mea-
surement of a metric that is clinically meaningful to
both patients and clinicians alike while also poten-
tially reducing the number of patients and length of
follow-up required to evaluate the efficacy of novel
agents.

Despite the 6MWT representing an important tool
in the assessment of ATTR-specific disease-modifying
therapies, many heart failure therapies shown to
improve outcomes in the general heart failure popu-
lation have failed to improve the 6MWT distance.
This discrepancy is likely multifactorial in nature.
Trials of heart failure therapies tend to reassess the
6MWT distance between 4 and 6 months,19,20

whereas in trials of ATTR-specific therapies, reas-
sessment took place between 12 and 30 months.7-9

The magnitude of change in 6MWT distance is likely
to be amplified as the follow-up duration extends,
and therefore longer follow-up may be required to
detect meaningful differences. This observation may
also reflect inherent differences in disease biology,
with ATTR-CA representing a well-defined, severe
form of heart failure with a known pathophysiology
for which highly-specific treatments are available.21

The severity of ATTR-CA is evident in accelerated
6MWT distance decline, and treatments targeting
ATTR-specific disease pathways have consistently
demonstrated clinically meaningful and significant
changes in the 6MWT distance across all 3 large,
randomized, placebo-controlled trials of disease-
modifying therapy.7-9 This observation emphasizes
important distinctions between different heart failure
etiologies and underscores the necessity for tailored
functional tests to evaluate the efficacy of disease-
specific therapies.

Although the decline in 6MWT distance was
associated with both NT-proBNP progression and
ODI, all 3 markers of disease progression remained
independently associated with mortality, indicating
that each marker is capturing a slightly different
aspect of the underlying disease process. NT-proBNP
elevation reflects a combination of pathophysiologic
biochemical processes occurring in response to car-
diac amyloid infiltration, such as neurohormonal
activation, impaired renal filtration, and fluid sta-
tus.17 ODI acts as a surrogate marker of worsening
heart failure symptoms secondary to fluid accumu-
lation,13 and the 6MWT is a comprehensive func-
tional assessment that provides a measure of
cardiovascular robustness while also accounting for
the extent of neuropathic involvement.5,6 The com-
bination of these variables provides incremental in-
formation to each individual variable and allows
further refinement of the rate of disease progression
and risk of mortality.

Considering the likely availability of various novel
therapeutic agents in the near future, the ability to
reliably detect patients experiencing disease pro-
gression is of paramount importance.10 The presence
of all 3 markers of disease progression was associated
with a >4-fold higher risk of mortality and could
signify the need to either switch to alternative agents
with different mechanisms of actions or consider
intensifying treatment with combination therapy.
These markers are widely available, simple to mea-
sure, and inexpensive. Their universal applicability
across the spectrum of NAC disease stages and
different genotypes should support their widespread
adoption to identify patients experiencing disease
progression.

STUDY LIMITATIONS. There is a possible selection
bias, in that only patients who were able to complete
a baseline 6MWT assessment were eligible for inclu-
sion. There is also an invariable survival bias in the
assessment of 6MWT worsening, and therefore it may
be that the extent of differences is underestimated,
and rapid disease progression may have resulted in
death before the follow-up assessment.



PERSPECTIVES

COMPETENCY IN PATIENT CARE AND PROCEDURAL

SKILLS: The 6MWT distance at baseline is associated with an

increased mortality in patients with ATTR-CA, across genotypes

and disease stages.

TRANSLATIONAL OUTLOOK: Further research is needed to

assess the incremental value of the 6MWT beyond other bio-

markers to improve risk stratification and guide treatment in

patients with ATTR-CA.
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CONCLUSIONS

In this large cohort of patients with ATTR-CA, the
baseline 6MWT distance refined risk stratification and
reliably identified patients at a higher risk of mortal-
ity regardless of their disease stage or genotype.
Worsening of the 6MWT at 1 year was common and
independently associated with an increased risk of
mortality, even after adjustment for established
markers of disease progression. The combination of 3
markers of progression (NT-proBNP progression, ODI,
and 6MWT worsening) enabled further refinement of
risk and facilitated the detection of patients experi-
encing rapid disease progression who are at the
highest risk of mortality.
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