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Abstract:

The link between heart failure and reduced ability to perform activities of daily living is substantial; however, the mechanistic link between these two

conditions is unclear. Understanding the underlying mechanisms of this association is difficult without joint efforts. This article discusses potential

Jfuture directions for investigations focused on the link between heart failure and functional impairment. Multidirectional and multidisciplinary ap-

proaches should be taken to uncover the mechanisms that contribute to declined activities of daily living in persons living with heart failure.
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Commentary

The number of persons living with heart failure, a complex
clinical syndrome, is increasing steadily [1]. Recent interest in the
connection between heart disease and impaired brain function,
particularly in reference to the development of dementia,
has brought together the fields of cardiovascular health and
neuroscience in new and exciting ways. In particular, better
understanding of the development of functional impairment—
including cognitive impairment (CI) and conversion to dementia—

in persons living with heart failure is an area of high interest.

Epidemiological approaches have demonstrated clear negative
impacts of heart failure on the ability to perform activities of daily
living; a summary can be found in Table 1 of our recent paper
[2]. The risk of death in dependent persons living with heart
failure is comparable with dependent persons living with heart
failure and comorbidities; however, it is greater than independent
persons living with heart failure and comorbidities [3]. Reduced
activities of daily living in this patient population also leads to
hospitalization, readmission, increased emergency department
visits, and reduced quality of life. Given the detrimental
repercussions of heart failure to persons living with heart failure,
the need of understanding how reduced activities of daily living

manifest in persons living with heart failure is increasing [4].

Heart failure mediated changes in the central and peripheral

nervous systems may contribute to reduced activities of daily living

in persons living with heart failure [2]. Specifically, (CI) is strongly
linked to heart failure, with up to 79% of heart failure patients
demonstrating impairment in at least one cognitive domain
[5]. Impairments in cognitive functions including the domains
of attention, memory, verbal fluency paired with sensorimotor
dysfunction is likely to be the driver of impaired ability to perform
tasks of daily living in persons living with heart failure; however,
strong evidence of this link is currently absent in the evidence

base.

Despite the consistent finding of impaired daily functioning
(including CI) in persons living with heart failure, significant
variability in neuroimaging study outcomes suggest multiple
pathways to the manifestation of functional impairment in
persons living with heart failure. Neuroimaging findings
include diffuse evidence of gray matter loss, cortical thinning,
atrophy, hyperintensities, infarctions, myelin damage, and
axonal integrity losses [2]. The diffuse nature of these findings
suggests systemic damage that may accumulate across the lifespan.
Potential cardiovascular processes that also contribute include:
poor perfusion, micro-embolisms, cerebral inflammation, and

endothelial dysfunction [6].

In our recent review of the evidence base (2], many studies
included patients with a wide variety of heart failure subtypes
along with various comorbid conditions. Given the low incidence
of heart failure worldwide (0.8% as per [7]), such a conglomerate

approach to heart failure assessment helps improve power for
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statistical analyses at the risk of introducing high sample variability.
This high sample variability may explain the inconsistencies in
reported results. While it would be scientifically ideal to focus on
the manifestation of a single heart failure subtype in a given study,
the low incidence rate of heart failure may necessitate alternative
approaches to unravel the mechanistic drivers of functional

impairment in this population.

One approach to evaluation of functional impairment related
to heart failure is by investigation of individual subtypes with
stratification by objective measures of heart failure severity. This
approach may clarify the inconsistent reports regarding interplay
between CI and types of heart failure [8]. Such inconsistency can
also be seen in the association between cognitive function and
left ventricular ejection fraction [9]. Current available evidence
supports the hypothesis of severity-dependent CI in heart failure
using subjective classification criteria, such that heart failure
patients with higher New York Heart Association classes (classes
III and IV) exhibit poorer cognitive function compared to heart
failure patients with lower New York Heart Association classes
(classes I and II) [10]. This association is challenged when cognitive
function is compared to objective measures of heart failure, such

as left ventricular ejection fraction [9].

Another approach may be to evaluate heart failure characteristics
separately by sex and/or menopausal status while still using
a conglomerate approach across heart failure subtypes. This
may help elucidate the impact of sexhormones and the role of
hormone replacement therapy in the manifestation of functional
impairment. This approach may be particularly fruitful as women
have been significantly underrepresented in heart failure research
studies for decades [11-13]. Consideration of type and duration
of hormone replacement therapy will be an important feature
of such work, as conjugated equine estrogen have been found
to negatively impact cognitive function in older women despite

having no to low overall impact on cardiovascular risk [14,15].

In a similar vein, another approach may be to assess functional
impairments in heart failure patients separately by comorbid
condition (e.g., Type Il Diabetes (DM) or chronic kidney disease
(CKD)) across heart failure subtypes. For example, persons living
with DM and/or CKD are at double the risk for developing heart
failure as compared to healthy individuals [16-18]. This could be a
fruitful approach as co-occurrence of HF and specific comorbidities
likely present specific stresses on the human body that may result
in consistent functional impairment patterns. For example, DM
is associated with development of amnesiac mild CI concurrent
with sensorimotor dysfunction, while CKD is associated with
development of sensory deficits and inconsistent reports of CI
in different cognitive domains [19-23]. This approach may help
clarify the combined impact of heart failure and other systemic

disease on specific features of functional impairment.

The proposed approaches will require a consortium or multi-

site collaborative effort, in which fosters multidirectional and
multidisciplinary integration of patient-oriented research, to
accumulate enough data to achieve statistical power. While there is
strength in this approach, inconsistency in evaluation approaches
and discrepancies in data quality may hamper overall study
interpretation [24]. The involvement of principal investigations
and study staff across the sites at the beginning of study planning
phase is critical to ensure the adherence to study procedures that

lead to consistent high-quality data across the sites.
Conclusion

Elucidating the interplay between heart failure and sensorimotor

and cognitive functions is critical future direction for
cardiovascular and neuroscience fields because it will contribute
to reversing adverse outcomes in persons living with heart
failure. Yet, several challenges exist that can hinder the better
understanding of the repercussions of heart failure on daily
functioning. Multidirectional and multidisciplinary efforts are

necessary to overcome such challenges.
References

1. Dunlay SM, Manemann SM, Chamberlain AM, Cheville AL,
Jiang R, Weston SA, etal. Activities of dailylivingand outcomes
in heart failure. Circ Heart Fail. 2015;8: 261-267. https://doi.
org/10.1161/CIRCHEARTFAILURE.114.001542

2. Hibino H, Gorniak SL. Dependence and reduced motor
function in heart failure: future directions for well-being.
Heart Fail Rev. 2022;27: 1043-1051. https://doi.org/10.1007/
s10741-021-10145-2

3. Manemann SM, Chamberlain AM, Roger VL, Boyd C,
Cheville A, Dunlay SM, et al. Multimorbidity and Functional
Limitation in Individuals with Heart Failure: A Prospective
Community Study. ] Am Geriatr Soc. 2018;66: 1101-1107.
https://doi.org/10.1111/jgs.15336

4. Garcia-Olmos L, Batlle M, Aguilar R, Porro C, Carmona
M, Alberquilla A, et al. Disability and quality of life in heart

failure patients: a cross-sectional study. Fam Pract. 2019;36:

693-698. https://doi.org/10.1093/fampra/cmz017

5. Hajduk AM, Lemon SC, McManus DD, Lessard DM,
Gurwitz JH, Spencer FA, et al. Cognitive impairment and
self-care in heart failure. Clin Epidemiol. 2013;5: 407-416.
https://doi.org/10.2147/CLEP.S44560

6. Doehner W. Dementia and the heart failure patient. Eur
Heart J Suppl. 2019;21: L28-L31. https://doi.org/10.1093/
eurheartj/suz242

7. Savarese G, Becher PM, Lund LH, Seferovic P, Rosano GMC,
Coats AJS. Global burden of heart failure: a comprehensive

and updated review of epidemiology. Cardiovasc Res.

2023;118: 3272-32817. https://doi.org/10.1093/cvr/cvac013

Citation: Hibino H, Gorniak SL. Future Directions in Understanding Functional Impairment in Heart Failure,

21* Century Cardiol. 2023 August; 3(4):139



Hibino H, et al.,

Volume 3, Issue 4

21 Century Cardiol-3-139 | Page 3 of 3

10.

11.

12.

13.

14.

15.

16.

Jiang Y, Wang L, Lu Z, Chen S, Teng Y, Li T, et al. Brain
Imaging Changes and Related Risk Factors of Cognitive
Impairment in Patients with Heart Failure. Front
Cardiovasc Med. 2021;8: 838680. https://doi.org/10.3389/
fovm.2021.838680

Leto L, Feola M. Cognitive impairment in heart failure
patients. ] Geriatr Cardiol. 2014;11: 316-328. https://doi.
org/10.11909/].issn.1671-5411.2014.04.007

Goh FQ, Kong WKF, Wong RCC, Chong YF, Chew NWS,
Yeo T-C, et al. Cognitive Impairment in Heart Failure—A
Review. Biology (Basel). 2022;11: 179. https://doi.
org/10.3390/biology11020179

Jin X, Chandramouli C, Allocco B, Gong E, Lam CSP, Yan
LL. Women’s Participation in Cardiovascular Clinical Trials
From 2010 to 2017. Circulation. 2020;141: 540-548. https://
doi.org/10.1161/CIRCULATIONAHA.119.043594

Reza N, Gruen ], Bozkurt B. Representation of women
in heart failure clinical trials: Barriers to enrollment and
strategies to close the gap. Am Heart ] Plus. 2022;13: 100093.
https://doi.org/10.1016/j.ahjo.2022.100093

Scott PE, Unger EF, Jenkins MR, Southworth MR, McDowell
T, Geller R], et al. Participation of Women in Clinical Trials
Supporting FDA Approval of Cardiovascular Drugs. Journal
of the American College of Cardiology. 2018;71: 1960-1969.
https://doi.org/10.1016/j.jacc.2018.02.070

Espeland MA, Rapp SR, Shumaker SA, Brunner R, Manson
JE, Sherwin BB, et al. Conjugated equine estrogens and
global cognitive function in postmenopausal women:
Women’s Health Initiative Memory Study. JAMA. 2004;291:
2959-2968. https://doi.org/10.1001/jama.291.24.2959

Hsia ], Langer RD, Manson JE, Kuller L, Johnson KC,
Hendrix SL, et al. Conjugated Equine Estrogens and
Coronary Heart Disease: The Women’s Health Initiative.
Archives of Internal Medicine. 2006;166: 357-365. https://
doi.org/10.1001/archinte.166.3.357

Kenny HC, Abel ED. Heart Failure in Type 2 Diabetes
Mellitus. Circulation Research. 2019;124: 121-141. https://
doi.org/10.1161/CIRCRESAHA.118.311371

17.

18.

20.

21.

22.

23.

24.

Rosano GM, Vitale C, Seferovic P. Heart Failure in Patients
with Diabetes Mellitus. Card Fail Rev. 2017;3: 52-55. https://
doi.org/10.15420/cfr.2016:20:2

van de Wouw J, Broekhuizen M, Sorop O, Joles JA, Verhaar
MC, Duncker DJ, et al. Chronic Kidney Disease as a Risk
Factor for Heart Failure With Preserved Ejection Fraction: A
Focus on Microcirculatory Factors and Therapeutic Targets.
Frontiers in Physiology. 2019;10. https://doi.org/10.3389/
fphys.2019.01108

. Bronas UG, Puzantian H, Hannan M. Cognitive Impairment

in Chronic Kidney Disease: Vascular Milieu and the Potential
Therapeutic Role of Exercise. Biomed Res Int. 2017;2017:
2726369. https://doi.org/10.1155/2017/2726369

Gorniak SL, Wagner VE, Vaughn K, Perry ], Cox LG,
AE, et al
sensorimotor cortices in postmenopausal women with type I1
diabetes. NPh. 2020;7: 035007. https://doi.org/10.1117/1.
NPh.7.3.035007

Hernandez Functional neuroimaging of

Gorniak SL, Wagner VE, Vaughn K, Perry ], Cox LG,
Hibino H,et al. Functional near infrared spectroscopy detects
cortical activation changes concurrent with memory loss in
postmenopausal women with Type II Diabetes. Exp Brain
Res. 2023 Jun;241(6):1555-67. https://doi.org/10.1007/
$00221-023-06581-1

Gorniak SL, Lu FY, Lee BC, Massman PJ, Wang ]. Cognitive
impairment and postural control deficit in adults with Type
2 diabetes. Diabetes Metab Res Rev. 2019;35: €3089. https://
doi.org/10.1002/dmrr.3089

Gorniak SL, Ray H, Lee B-C, Wang ]J. Cognitive-Motor
Impairment in Manual Tasks in Adults With Type 2 Diabetes:
OTJR: Occupation, Participation and Health. 2019;40: 113-
121. https://doi.org/10.1177/1539449219880536

Kahn MG, Raebel MA, Glanz JM, Riedlinger K, Steiner JF.
A Pragmatic Framework for Single-site and Multisite Data
Quality Assessment in Electronic Health Record-based
Clinical Research. Medical Care. 2012;50: S21-S29. https://
doi.org/10.1097/MLR.0b013e318257dd67

Citation: Hibino H, Gorniak SL. Future Directions in Understanding Functional Impairment in Heart Failure,

21* Century Cardiol. 2023 August; 3(4):139



