Ali et al. The Egyptian Heart Journal (2024) 76:97
https://doi.org/10.1186/543044-024-00532-z

The Egyptian Heart
Journal

: : . ™
Prognostic value of quality of life oty

and functional status in patients with heart
failure: a systematic review and meta-analysis

Abraish Ali', Asad Ali Siddiqui” ®, Izza Shahid?, Harriette G. C. Van Spall**, Stephen J. Greene”?,
Marat Fudim®” and Muhammad Shahzeb Khan®

Abstract

Background Functional health status is increasingly being recognized as a viable endpoint in heart failure (HF) trials.
We sought to assess its prognostic impact and relationship with traditional clinical outcomes in patients with HF.

Methods MEDLINE and Cochrane central were searched up to January 2021 for post hoc analyses of trials or obser-
vational studies that assessed independent association between baseline health/functional status, and mortality
and hospitalization in patients with HF across the range of left ventricular ejection fractions to evaluate the prognos-
tic ability of NYHA class [II, IlI, IV], KCCQ, MLHFQ, and 6MWD. Hazard ratios (HR) with 95% confidence intervals were
pooled.

Results Twenty-two studies were included. Relative to NYHA I, NYHA class Il (HR 1.54 [1.16-2.04]; p<0.01), NYHA
class I (HR 2.08 [1.57-2.77]; p<0.01), and NYHA class IV (HR 2.53 [1.25-5.12]; p=0.01) were independently associ-

ated with increased risk of mortality. 6BMWD (per 10 m) was associated with decreased mortality (HR 0.98 [0.98-0.99];
p<0.01). A 5-point increase in KCCQ-0SS (HR 0.94 [0.91-0.96]; p < 0.01) was associated with decreased mortality.

A high MLHFQ score (>45) was significantly associated with increased mortality (HR 1.30 [1.14-1.47]; p<0.01). NHYA
class, MWD (per 10 m), KCCQ-OSS, and MLHFQ all significantly associated with all-cause mortality in patients with HF.

Conclusion Identifying such patients with poor health status using functional health assessment can offer a comple-

mentary assessment of disease burden and trajectory which carries a strong prognostic value.
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Background

Assessing functional health capacity is an important and
recommended component of heart failure (HF) care [1].
Indeed, when acknowledging the potential debilitating
effects of HF on physical, social, and psychological health
status, many patients may value improved quality of life
more than prolonging survival [2, 3]. Cardiovascular
societies such as the American Heart Association (AHA)
[4] and the European Society of Cardiology (ESC) [5] as
well as patient advocate groups and regulatory bodies,
such as the Food and Drug Administration (FDA) [6],
actively advocate for the inclusion of patient-reported
outcomes (PRO) as an endpoint complementary to
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mortality, cardiovascular events, and hospitalization
in HF patients. Functional health assessment, which is
often evaluated by the use of health-related quality of
life (HRQoL) tools, enables an accurate surveillance of
disease burden [4] due to their ability to assess common
HF symptoms which are otherwise infrequently reported,
such as fatigue and anxiety, thereby assisting clinicians
in making informed clinical decisions. However, due
to the complex nature of HF care and limited time and
resources, the assessment of functional health status
in HF patients is often sidelined in routine practice and
infrequently included within primary outcomes of HF
randomized trials [7]. Clarifying the relationship between
traditional clinical outcomes such as mortality and hos-
pitalization and their association with various functional
status endpoints may further highlight the importance
of these quality-of-life scores. Moreover, the degree to
which functional status outcomes yield similar prognos-
tic value in HFrEF and HFpEF is unclear, with prior stud-
ies demonstrating inconsistent results [8, 9]. Likewise,
based on recent analyses, functional health assessment
can vary considerably across racial/ethnic groups [10, 11]
and geographic regions [12]. In this context, we aimed to
conduct a systematic review and meta-analysis to com-
prehensively evaluate the prognostic ability of New York
Heart Association (NYHA), 6-minute walk distance
(6MWD), Kansas City Cardiomyopathy Questionnaire
(KCCQ), and Minnesota Living with Heart Failure Ques-
tionnaire (MLHFQ) with the clinical endpoints of mor-
tality and hospitalization in patients with HE. In addition,
we examined regional differences with respect to tools
for health or functional status.

Methods
This meta-analysis follows the Preferred Reporting Items
for Systematic review and Meta-Analyses (PRISMA)
and AHA guidelines for systematic reviews and meta-
analyses [13, 14]. The MEDLINE and Cochrane central
databases were searched up to January 2021. No time
or language restrictions were set. Table S1 outlines the
search strategy. All articles retrieved were transferred to
Endnote Reference Library (Version X8.1; Clarivate Ana-
lytics, Philadelphia, Pennsylvania) software, where dupli-
cates were identified and removed. Titles and abstracts of
all articles were independently screened by two reviewers
(AAS and AA). Full texts of all shortlisted articles were
then read to confirm relevance. To ensure no relevant
articles were missed, bibliographies of all relevant studies
and review articles were also screened. Any discrepancies
between the two reviewers were resolved by consulting a
third reviewer (IS).

Studies were included if they fulfilled the following
eligibility criteria: (a) included patients with any HF; (b)
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reported all-cause mortality and/or hospitalization in HF
patients; (c) reported disease-specific functional assess-
ment tools rather than generic tools when predicting
mortality and/or hospitalization; and (d) reported the
following cutoff values: (>5 for KCCQ, >45 for MLHFQ
and <200 m or 10 m increments for 6MWD) and classes
[I1, 111, and IV] for NYHA. (e) Studies that were post hoc
analyses of trials or observational studies that assessed
independent association between baseline health/func-
tional status and mortality and/or hospitalization.

Two reviewers (AAS and AA) independently extracted
data pertaining study characteristics and baseline charac-
teristics such as the number of participants, publication
year, HF classification (classified according to reduced
or preserved ejection fraction), left ventricular ejec-
tion fraction (LVEF), geographic location, length of fol-
low-ups, and mean/median ages. Geographical regions
were dependent on the location of where each study
was coordinated. This was divided into 4 distinct loca-
tions, namely North America (including Canada and US),
Europe (including any country in Europe), multi-regional
(including countries from North American and Europe),
and rest of the world.

The risk of bias was assessed using the Newcastle—
Ottawa quality assessment scale for observational studies
(Table S2) [15] and the Cochrane risk of bias assessment
tool for RCTs (Figure S1) [16]. The Newcastle—Ottawa
scale consists of three domains: (a) selection; (b) com-
parability; and (c) outcome. The quality was appraised
using numbers such that the maximum score was 9, and
a study with 7-9 had low risk, 4—6 had high risk, and 0-3
had very high risk of bias. The Cochrane tool had seven
domains, namely random sequence generation, alloca-
tion concealment, blinding of participants and personnel,
blinding of outcome assessment, incomplete outcome
data, selective outcome reporting, and other biases [16].
In addition, we used the Gill and Feinstein criteria [17]
to review how well quality of life was being measured in
the publications by assessing how well they dealt with
conceptual issues and methodology, with each criteria
having several components as presented in Table S3. Any
discrepancies between the 2 reviewers were resolved by
consulting a third reviewer (IS). Publication bias assess-
ment could not be conducted as the number of studies
within each data set were less than 10.

Outcomes of interest included mortality and hospi-
talization using the following predictor variables: NYHA
functional classes (I, II, III, IV) 6MWD test (<200 m or
10 m increments), KCCQ (>5 point increase in over-
all summary score [OSS]), and MLHFQ (>45 score).
Behlouli et al. [18] define a MLHFQ score >45 represent-
ing poor QOL with a validation accuracy of 91%. Scores
above this threshold indicate a significant burden of heart
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failure symptoms for KCCQ, an improvement or worsen-
ing of > 5 points and indicate a minimal clinically impor-
tant difference in health status [19, 20]. A 6MWD <200 m
could identify patients with stable HF who are at mark-
edly increased risk of death [21]. This cutoff point, cho-
sen using Akaike’s information criterion, also resulted
in the highest Harrell's concordance index (c-index)
[22]. The threshold of 10 m increments in 6MWD was
included based on its availability in the pooled studies.

RevMan (version 5.3; Copenhagen: The Nordic
Cochrane Centre, The Cochrane Collaboration, 2014)
was used for all statistical analyses. The results were pre-
sented as hazard ratios (HR) with 95% confidence inter-
vals (CI), which were pooled using a generic invariance
weighted random effects model. Forest plots were cre-
ated to visually assess the pooled analysis. A geographic
regional subgroup analysis was also conducted for each
functional health assessment tool where possible. Leave-
one-out sensitivity analysis was conducted to see if any
one study disproportionately affected the results. Het-
erogeneity across studies was evaluated using Higgins
12, where a value less than 50% was considered accept-
able and a value>75% was considered significant. A p
value <0.05 was considered significant in all cases.

Results

The initial literature search revealed 3050 articles. After
exclusions, 22 studies [10 RCTs [21-30]; 12 observational
[31-42]] involving 29,064 HF patients were included.
Four of these studies assessed more than 1 functional
health assessment tool [21, 26, 27, 38]. Majority of
health assessment tools analyzed in our study focused
on patients with HFrEF [n=14], while few explored out-
comes in patients with HFpEF [n=4] and some assessed
both [n=4] (Table 1). The PRISMA flowchart (Fig. 1)
summarizes that results of our literature search (Table 1)
outline the baseline characteristics of all included stud-
ies. Quality assessment using the Cochrane risk of bias
assessment tool for RCTs demonstrated that major-
ity of the studies included in this meta-analysis were at
a low risk of bias (Figure S1). Newcastle—Ottawa scores
for observational studies indicated good methodological
quality (Table S2).

The evaluation of methodological and conceptual qual-
ity or rigor according to the criteria of Gill and Feinstein
et al. [43, 44] (Table S3) revealed that only 1 study (4%) of
the 23 provided a definition of the concept QOL (crite-
rion 1). In 15 of the papers (65%), the investigators stated
the domains they measured as part of QOL (criterion 2).
In 16 of the papers (70%), the investigators gave a spe-
cific reason for the choice of instrument to measure QOL
(criterion 3). In 10 (44%) of the studies, the investigators
had aggregated results from multiple items, domains, or
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instruments into a single composite score for QOL (crite-
rion 4). In 8 studies (35%) fulfilled criterion 5, concerning
whether patients were asked to give their own global rat-
ing of QOL by a single item at the end of the question-
naire. However, evaluation of the studies showed that
criteria 7-10 were not fulfilled.

We investigated the association between NYHA func-
tional class and all-cause mortality and hospitalization.
Of the 9 studies (n=12,647 HF patients), 2 were explor-
atory analyses of RCTs [26, 27] and 7 were prospective
cohorts [31-33, 35, 38, 40, 41] with a median follow-up
ranging between 1 and 24 months. Four of these stud-
ies recruited patients with HFrEF [27, 33, 35, 38] only,
1 study recruited HFpEF patients [31], and 4 studies
recruited patients of all subtypes [26, 32, 40, 41]. The
studies typically adjusted for demographics, comor-
bidities and etiology of HF. Relative to NYHA I, NYHA
functional classes II-IV were significant predictors of
mortality.

NYHA class II (HR 1.54 [1.16-2.04]; ?=0%; p<0.01),
NYHA class III (HR 2.08 [1.57-2.77]; ?=2%; p<0.01),
and NYHA class IV (HR 2.53 [1.25-5.12]; P*=73%;
p=0.01) were independently associated with increased
risk of mortality compared with baseline NYHA func-
tional class I (Fig. 2). Leave-one-out sensitivity analy-
sis showed Ahmed et al. [31] to have a disproportionate
effect on the heterogeneity of the results of NYHA IV.
Removal of this study from NYHA class IV led to a
reduction in heterogeneity while the results remained
significant (HR 1.74 [1.16-2.60]; *=0%; p <0.01).

Subgroup analysis based on geographic regions showed
NYHA classes II, III, and IV to be associated with
increased mortality in both Europe and North America
(Figures s2—s4). NYHA class IV had a stronger associa-
tion with mortality in European regions (HR 2.70 [1.64—
4.45); *=90%; p<0.01) than North America (HR 1.93
[1.14-3.28]; I*=0%; p=0.01) (Figure s4).

Studies which did not mention any baseline NYHA
functional class were also pooled together to depict a
per point increase, which similarly revealed an increased
association with mortality (HR 1.70 (1.49-1.95]; I>=37%;
p<0.01) (Figure S5).

We also investigated the association between 6MWD-
test and all-cause mortality and hospitalization. Of the
7 studies (n=12,027 HF patients), 4 were exploratory
analysis of RCTs [21, 22, 26, 27] and 3 were prospective
cohort studies [38—40] with a median follow-up duration
between 1.5 and 5 years. Out of these, 4 of these studies
recruited patients with HFrEF [22, 27, 38, 39], while the
remaining three recruited patients of all subtypes. The
studies typically adjusted for demographics, comorbidi-
ties, and NYHA. Three of these studies investigated mor-
tality and hospitalization with <200 m distances covered
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Identification
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Records identified
through database
searching (n= 3047)

Additional records
identified through
other sources (n=3)

Screening

Records after duplicates removed (n=2047)

Records Screened

(n=2047)

Records excluded after title and
abstract screening (n=2019)

Full- text articles
assessed for
eligibility (n=28)

full text articles excluded due to
insufficient information in the
paper (n=6)

Included

Studies included in
the qualitative
synthesis (n=22)

Studies included in
the quantitative
synthesis (meta-
analysis) (n=22)

Fig. 1 PRISMA flowchart outlining literature search. [CHF, Coronary Heart Failure; EF, Ejection Fraction; IQR, Interquartile Range; HF, Heart Failure;
HFpEF, Heart failure with Preserved Ejection Fraction; HFrEF, Heart failure with Reduced Ejection Fraction; HRQOL, Health-Related Quality Of
Life; KCCQ, Kansas City Cardiomyopathy Questionnaire; LVEF, Left Ventricular Ejection Fraction; MLHFQ, Minnesota Living with Heart Failure
Questionnaire; NYHA, New York Heart Association; B(MWD, 6-Minute Walk Distance; and SD, Standard Deviation]
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Hazard Ratio Hazard Ratio
Study or Subgroup _log[Hazard Ratio] SE Weight IV, Random, 95% CI Year IV, Random, 95% CI
1.1.1 NYHA class Il
Anmed (2006) 04318 02123 46.0% 1.54(1.02,233] 2006 —
Ingle et al 09821 06787 45% 267(0.71,10.10) 2007
Grundtvig et al 03791 02047 495% 1.46(0.98,2.18] 2020 ——
Subtotal (95% CI) 100.0%  1.54[1.16,2.04) e 3
Heterogeneity: Tau*= 0.00,Ch#=0.72,dr=2(P=0.70), F= 0%
Test for overall effect Z= 299 (P = 0.003)
1.1.2 NYHA class I
Anhmed (20086) 094 02272 395% 256 (1.64,400) 2006 ——
Ingle et al 0.3038 04006 130% 1.35(062,297) 2007 S —
Grundtvig et al 06785 02062 476% 1.97 (132,295 2020 ——
Subtotal (95% CI) 100.0% 2,08 ([1.57,2.77) E
Heterogeneity: Tau®*= 0,00, Chi*= 2,05, df= 2 (P = 0.36), "= 2%
Testfor overall effect Z= 5.06 (P « 0,00001)
1.1.3 NYHA class IV
Anmed (2006) 21353 04402 228% 8.46[357,20.05) 2006 e —
Ingle et al 06926 03839 248% 200(0.94,4.24) 2007 ) S A—
Alahdab et al 04121 03137 274% 1.51(082,279) 2009 -
Grundtvig et al 06233 038 25.0% 1.87(0.89,393) 2020 e —
Subtotal (95% CI) 100.0% 253[1.25,512) ’
Heterogeneity. Tau*= 0.37, Ch*= 1099, df= 3 (P= 0.01), P= 73%
Testfor overall effect Z= 258 (P = 0.01)
0.05 0.2 4 20

Testfor subaroup differences: Chi*= 306, df= 2 (P=022), F= 345%
Fig.2 NYHA I, Il and IV compared to NYHA |, with all-cause mortality in HF
Heart Association; and SE, Standard Error]

by the participants. Of these, 2 studies were conducted
in North America [21, 26], while one was multicenter
[22]. The other 4 studies reported distance measured for
10 m increments for mortality in European regions [27,
38-40].

Overall, in the 10 m increment studies, a signifi-
cant association was observed between a lower 6MWD
and mortality (HR 0.98 [0.98-0.99]; *=28%; p<0.01)
in European regions (Fig. 3). However, of studies that
dichotomized 6MWD, a distance <200 m was not sig-
nificantly associated with mortality (HR 1.42 [0.86-2.32];
P=76%; p=0.17) (Figure S6) or hospitalization (HR
1.38 [0.91-2.07]; I*=84%; p=0.13) (Figure S7). Upon

Negatively associated Positively associated

patients. [Cl, Confidence Interval; HR, Hazard Ratio; NYHA, New York

sensitivity analysis, removal of the only study [22] that
measured 6MWD using linear splines led to a reduc-
tion in heterogeneity and a significant association
between <200 m 6MWD and mortality (HR 1.85 [1.22—
2.80]; P=0%; p<0.01) and hospitalization (HR 1.69
[1.28-2.22]; *=0%; p <0.01) (Figures s8—s9) [22].

We also studied the association between KCCQ-OSS
and all-cause mortality. Among 3 RCTs (n=6,194 HF
patients), 2 recruited patients with HFpEF and HFrEF
[28, 42], while 1 recruited only HFrEF patients [23],
with a median follow-up duration between 0.25 and
3.3 years. The RCTs typically adjusted for demographics
and comorbidities. Overall, a 5-point or higher increase

Hazard Ratio Hazard Ratio

Study or Subgroup _ log[Hazard Ratio] SE  Weight IV, Random, 95% CI  Year IV, Random, 95% CI
Manzano et al -0.0202 00042 199% 098(097,099) 2011 -
Ingle L (2014) 00121 00036 251% 099(0.98,099) 2014 -
Ingle et al 2014 -0.0202 00031 308% 098(097,099) 2014 -
Grundtvig et al 00212 00037 241% 098(097,099) 2020 -
Total (95% CI) 100.0% 0.98 (0,98, 0.99) 4

o = = B o f } + {
Heterogeneity. Tau*= 0,00, Ch*= 4,16, df= 3 (P = 0.25), P= 28% 085 09 ™ 12

Testfor overall effect: Z = 8 66 (P <« 0.00001)

Negatively associated Positively associated

Fig. 3 6MWD on a continuous scale at 10-m intervals with all-cause mortality in HF patients. [Cl, Confidence Interval; HR, Hazard Ratio; SE, Standard

Error; and 6MWD, 6-Minute Walk Distance]
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(>5 point) in KCCQ-OSS was associated with decreased
mortality (HR 0.94 [0.91-0.96]; >=0%; p<0.01). Upon
subgroup analysis by HF subtypes, increments in KCCQ-
OSS revealed a significant association with decreased
mortality in both HFpEF (HR 0.95 [0.92 -0.98]; I*=0%;
p<0.01) and HFrEF (HR 091 [0.87-0.95]; >=0%;
p<0.01) subgroups (Fig. 4). However, no subgroup dif-
ferences in the predictive ability of KCCQ-OSS were
observed when the HF subtypes were compared with
each other (p=0.12). Additionally, no geographical anal-
yses could be conducted due to a lack of data.
Additionally, we analyzed the association between
MLHFQ and all-cause mortality. Of the 7 studies
(n=6,980 HF patients), 4 were exploratory RCTs [24,
25, 29, 30] and 3 were prospective cohort studies [34,
36, 37] with a median follow-up duration between 1
and 5.5 years. Out of these, 4 of these studies recruited
patients with HFrEF [24, 25, 29, 36], while the remaining

Hazard Ratio
SE Weight IV, Random, 95% CI Year

Study or Subgroup  log[Hazard Ratio)
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3 recruited patients of all subtypes [30, 34, 37]. The stud-
ies typically adjusted for demographics and disease-
related variables such as systolic blood pressure (SBP)
and NYHA. Our results revealed that a high MLHFQ
score (>45) was significantly associated with increased
mortality (HR 1.30 [1.14-1.47]; ?=0%; p<0.01) (Fig. 5).
Furthermore, a subgroup analysis of geographical vari-
ation revealed a significantly higher association of
MLHFQ with mortality in North America (HR 1.40
[1.03-1.91]; 2=0%; p<0.01) compared with Europe (HR
1.25 [1.07-1.46]; *=0%; p <0.01) (Figure S10).

Discussion

This meta-analysis involving 29,064 HF patients sug-
gests that clinician-reported outcomes like NYHA and
6MWD for 10 m intervals and PROs such as KCCQ-OSS
(>5 points) and >45 cutoff for MLHFQ are all significant
predictors of mortality and/or hospitalization. Majority

Hazard Ratio
IV, Random, 95% CI

1.6.1 HFpEF

Pokharel et al -0.0513 00164 655%
Sepehrvand et al 0478 0595 00%
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Hoterogeneity Tau*= 000, ChP= 051, df=1 (P=047),F=0%
Testfor overall effect Z= 315 (P=0.002)

1.6.2 HFrEF
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luo et al 01393 01424 09%
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Heterogenelty. Tau*= 0,00, Ch*= 010, df= 2 (P = 0.95), "= 0%
Testfor overall efect Z=4.23 (P « 0.0001)

Total (95% CI) 100.0%
Hoterogenelty. Tau'= 0,00, Chi*= 3,08, df= 4 (P = 0.55), "= 0%
Testfor overall effect Z=5.03 (P « 0.00001)

Testfor subaroup diferences: Chi*= 247, df=1 (P=012).P=59.4%

0.91(0.87,095 2017 e
0.87(066,1.15) 2018
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Fig. 4 Increase of > 5 point in KCCQ-OSS with all-cause mortality in HFpEF and HFrEF patients. [Cl, Confidence Interval; HR, Hazard Ratio; HFpEF,
Heart Failure with Preserved Ejection Fraction; HFrEF; Heart Failure with Reduced Ejection Fraction; KCCQ-OSS, Kansas City Cardiomyopathy

Questionnaire; Overall Summary Score; and SE, Standard Error]
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Fig.5 MLHFQ at a cutoff value of >45 with all-cause mortality in HF patients. [Cl, Confidence Interval; HR, Hazard Ratio; MLHFQ, Minnesota Living

with Heart Failure Questionnaire; and SE, Standard Error]
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of health assessment tools analyzed in our study focused
on patients with HFrEF [n=14], while few explored out-
comes in patients with HFpEF [n=4] and some assessed
both [n=4] (Table 1). The models of the underlying stud-
ies adjusted for baseline patient characteristics and medi-
cal comorbidities.

HF often constitutes an unpredictable disease trajec-
tory, with majority patients having a markedly impaired
quality of life. The complex nature of this disease coupled
with diverse pathophysiology and subsequent clinical
outcomes entails the inclusion of more patient-centered
outcomes which incorporates the patient’s perspec-
tive and lived experience, thereby including measures
and variables which can better assess the trajectory of
disease course [45]. Although assessment of mortality
and hospitalization endpoints in clinical trials remains
critical, the current data suggest that functional status
and patient-reported outcomes offer a complementary
assessment of disease burden and trajectory that carries
strong prognostic value. Inclusion of these tools confers
several advantages. Routine serial assessment of patient-
reported outcomes and functional assessments may serve
as reliable indicators of disease trajectory [46—48]. Fur-
ther, compared to other invasive assessment tools such
as biomarkers and implantable devices, the noninvasive
nature and potential for remote assessment of health
status makes it easier for both patients and clinicians to
implement and routinely follow-up.

Our results revealed significant positive association of
NYHA classes II, III, and I'V with risk of mortality relative
to NYHA class I. Only in NYHA IV did Ahmed et al. [31]
contribute to significantly increased heterogeneity of the
results. This could be because the study primarily focused
on patients with HFpEF, while other studies mostly
included patients with HFrEF. HFpEF patients tend to
have various underlying etiologies as opposed to HFrEF,
which is commonly associated with increased neurohor-
monal activation [49]. A stronger perceived association
between mortality and a higher NYHA class in the study
may be attributed to lack of therapeutic intervention for
HFpEF patients, thereby necessitating further research
into this particular populace. Additionally, our results
demonstrated that classes III and IV had an increased
association with mortality compared with classes I and II.
These results are consistent with previous similar studies
[31, 50, 51]. Patients with higher NYHA classes are usu-
ally older and have more underlying comorbidities such
as kidney disease and an increased duration of cardiovas-
cular disease which can lead to a decrease in QOL [52].

The 6MWD test, compared with the more commonly
used cardiopulmonary exercise test (CPET), is a relatively
affordable and easy way to assess a person’s functional
health capacity [53]. Our analysis revealed that when
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measured on a continuous scale at 10 m intervals, the
6MWD test is especially useful in predicting mortality
in patients with HFrEF. The studies pooled for 6MWD in
the <200 m subgroup mainly included participants from
North America with decreased LVEF, thus making this
iteration more usable for HFrEF patients from the USA
and Canada when predicting hospitalization. However,
due to the limited number of existing studies on hospital-
ization from other countries, further research is needed
to confirm our findings.

Similar to prior functional health assessment tools, our
results demonstrated a significant association between
a>5-point increase in the KCCQ-OSS score, and a
decrease in mortality for both HFpEF and HFrEE. One
study suggested the inclusion of biomarkers along with
KCCQ-OSS to improve its ability in predicting clinical
outcomes in patients with HFpEF [42]. Moreover, Huang
et al. [54] demonstrated that using only the physical inde-
pendence and social interaction components of the KCCQ
score may also provide significantly better prognosis in
HFpEF patients. Therefore, future studies should explore
the accuracy of KCCQ score utility in patients with HFpEFE.

Furthermore, our results assessing prognostic ability
of MLHEFQ scores with mortality using the standardized
cutoff of >45 concur with results of a prior meta-analysis,
wherein higher MLHFQ scores indicate poor functional
status, thereby increasing the risk of death. Majority
studies analyzing MLHFQ score included patients with
HFrEF, thus making it more suitable to determine prog-
nosis in this cohort.

Conclusion

In our study, majority of the functional health assessment
tools were tested in North American cohorts, followed
by European regions, while none of the studies reported
results in rest of the world. This variation can possibly
be due to the fact that most HF RCTs are conducted in
North America and Europe [55]. Moreover, PRO data
from HF RCTs are not commonly collected overall, but
after adjusting for trial factors, are more commonly col-
lected in trials led in Central/South America [56]. There-
fore, by using readily available prognostic tools like
NYHA, KCCQ, MLHFQ, and 6MWD, healthcare profes-
sionals in lower income countries may have decreased
dependence on laboratory testing, such as natriuretic
peptides or echocardiograms, which may not be widely
available or affordable in many underdeveloped regions
[12].

This meta-analysis has a few limitations that should
be considered while interpreting the results. First, this
meta-analysis included observational studies and sec-
ondary analyses of RCTs which are prone to residual
bias. Second, differences in HF etiologies, study designs,
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interventions, patient, and trial characteristics present
in the patient population may have contributed to clini-
cal heterogeneity. Third, the follow-up ranges for most
studies were variable, with some studies reporting longer
follow-up periods. Short-term follow-ups are more useful
when evaluating disease prognosis. However, long-term
prognosis can overestimate progress by showing better
recovery or can show worse decline in health. Addition-
ally, when assessing ability of the tools to predict mortal-
ity, no specific time frame was mentioned in the studies.
We did, however, include the range of median follow-up
periods for each tool in their respective section. Lastly, the
studies focusing on HF with preserved EF were few. Con-
sequently, we were only able to make limited comparisons
of clinical outcomes between HFrEF and HFpEF; hence,
our results are exploratory for the HFpEF subtype.

Our findings suggest that NHYA, 6MWD (per 10 m),
and MLHFQ provide significant prognostic value in pre-
dicting all-cause mortality for HF patients, particularly
those with reduced EF. Further research is needed to
assess prognostic impact of functional status in patients
with HF in regions outside North America and Europe.
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