UC San Diego
UC San Diego Previously Published Works

Title

The association of walking pace and incident heart failure and subtypes among
postmenopausal women

Permalink
https://escholarship.org/uc/item/6va8602n
Journal

Journal of the American Geriatrics Society, 70(5)

ISSN
0002-8614

Authors

Miremad, Moafi-Madani
Lin, Xiaochen
Rasla, Somwail

Publication Date
2022-05-01

DOI
10.1111/jgs.17657

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/6vq8602n
https://escholarship.org/uc/item/6vq8602n#author
https://escholarship.org
http://www.cdlib.org/

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

WEALTY 4
of %,

SERVIC

A
u
Yeyvaaa

/ HHS Public Access

Author manuscript
J Am Geriatr Soc. Author manuscript; available in PMC 2023 June 16.

Published in final edited form as:
JAm Geriatr Soc. 2022 May ; 70(5): 1405-1417. d0i:10.1111/jgs.17657.

The Association of Walking Pace and Incident Heart Failure and
Subtypes Among Postmenopausal Women

Moafi-Madani Miremad, MD, MS?, Xiaochen Lin, Ph.D.1.2, Somwail Rasla, MD3, Amr EI
Meligy, MD3, Mary B Roberts, MS#, Deepika Laddu, Ph.D.%, Matthew Allison, MD, MPHS,
Lisa W. Martin, MD’, Aladdin H. Shadyab, Ph.D.6, JoAnn E Manson, MD, DrPH&9, Rowan
Chlebowski, MD, Ph.D.19, Gurusher Panjrath, MD’, Michael J LaMonte, Ph.D.11, Simin Liu,
MD, Sc.D.1212.13 Charles B Eaton, MD, MSt:14

L.Department of Epidemiology, Brown University, Providence, RI
2.Center for Global Cardio-metabolic Health, Brown University, Providence, RI
3-Division of General Internal Medicine, Brown University, Providence, RI

4Center for Primary Care and Prevention, Care New England Medical Group/Primary Care and
Specialty Services, Pawtucket, RI

>Department of Physical Therapy, University of lllinois at Chicago, Chicago, IL

6.Department of Family Medicine and Public Health, University of California San Diego, La Jolla,
CA

"Department of Medicine, George Washington University, Washington, D.C.

8.Department of Medicine, Brigham and Women’s Hospital and Harvard Medical School, Boston,
MA

9Department of Epidemiology, Harvard T.H. Chan School of Public Health, Boston, MA

10.Division of Medical Oncology and Hematology, University of California Los Angeles, Los
Angeles, CA

Corresponding author: Charles B. Eaton, MD, MS, Professor of Family Medicine and Epidemiology, Warren Alpert Medical School
of Brown University, Providence, RI 02903. Tel: 978-790-0462. cbeaton51@gmail.com.

Authors’ Contributions:

Moafi-Madani Miremad, MD: Analysis and interpretation of data; Drafting the article.

Xiaochen Lin, Ph.D.: Substantial contributions to conception and design; Analysis and interpretation of data; drafting the article.
Somwail Rasla, MD: Substantial contributions to conception and design; Critically revised the manuscript.

Amr El Meligy, MD: Substantial contributions to conception and design; Critically revised the manuscript.

Mary B. Roberts, MS: Acquisition of data; analysis and interpretation of data; Critically revised the manuscript.

Deepika Laddu, Ph.D.: Analysis and interpretation of data; Critically revised the manuscript.

Matthew Allison, MD MPH: Acquisition of data; Critically revised the manuscript.

Lisa W. Martin, MD: Acquisition of data; Critically revised the manuscript.

Aladdin H. Shadyab, Ph.D.: Analysis and interpretation of data; Critically revised the manuscript.

JoAnn E. Manson, MD DrPH: Substantial contributions to conception and design; Critically revised the manuscript.

Rowan Chlebowski, MD Ph.D.: Substantial contributions to conception and design; Critically revised the manuscript.

Gurusher Panjrath, MD: Substantial contributions to conception and design; Critically revised the manuscript.

Michael J. LaMonte, Ph.D.: Analysis and interpretation of data; Drafting the article; Critically revised the manuscript.

Simin Liu, MD Sc.D.: Acquisition of data; Critically revised the manuscript.

Charles B. Eaton, MD MS: Substantial contributions to conception and design; Acquisition of data; Analysis and interpretation of
data; Critically revised the manuscript.

All authors gave final approval of this version to be published.

Conflicts of Interest: none declared.




1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Miremad et al. Page 2

11.Department of Epidemiology and Environmental Health, University of Buffalo, Buffalo, NY
12.Division of Endocrinology, Warren Alpert Medical School, Brown University, Providence, RI
13.pepartment of Endocrinology, Guangdong General Hospital, Guangzhou, China

14.Department of Family Medicine, Warren Alpert Medical School of Brown University, Providence,
RI

Abstract

BACKGROUND: To investigate the association between walking pace and the risk of heart
failure (HF) and HF sub-types.

METHODS: We examined associations of self-reported walking pace with risk of incident HF
and HF subtypes of preserved (HFpEF) and reduced (HFrEF) ejection fractions, among 25,183
postmenopausal women, ages 50-79 years. At enrollment into the Women’s Health Initiative
cohort in 1993-1998, this subset of women was free of HF, cancer, or the inability to walk one
block, with self-reported information on walking pace and walking duration. Multivariable Cox
regression was used to examine associations of walking pace (casual <2 mph [referent], average
2-3 mph, and fast >3 mph) with incident HF. We also examined the joint association of walking
pace and duration with incident HF.

RESULTS: There were 1455 incident adjudicated acute decompensated HF hospitalization cases
during a median of 16.9 years of follow-up. There was a strong inverse association between
walking pace and overall risk of HF (HR=0.73, 95%CI [0.65, 0.83] for average vs casual walking;
HR=0.66, 95%CI [0.56, 0.78] for fast vs casual walking. There were similar associations of
walking pace with HFpEF (HR=0.73, 95%CI [0.62, 0.86] average vs casual; HR=0.63, 95%ClI
[0.50, 0.80] for fast vs casual), and with HFrEF (HR=0.72, 95%CI [0.57, 0.91] for average vs
casual; HR=0.74, 95%CI [0.54, 0.99] for fast vs casual). The risk of HF associated with fast
walking with less than 1 hour/week walking duration was comparable with the risk of HF among
casual and average walkers with more than 2 hours/week walking duration.

CONCLUSION: Walking pace was inversely associated with risks of overall HF, HFpEF, and
HFrEF in postmenopausal women. Whether interventions to increase the walking pace in older
adults will reduce HF risk, and whether fast pace will compensate for the short duration of
walking warrants further study.

Keywords
heart failure; physical activity; walking pace; postmenopausal; women

INTRODUCTION

Heart failure (HF) is an increasingly prevalent public health problem, accounting for more
than 800,000 hospitalizations in 2016 and 83,000 deaths in 2018 in the United States.
Prevalence of HF in the U.S. is projected to increase by 46% from 2012 to 2030, affecting
more than 8 million people. HF predominantly affects older adults; with an approximate
prevalence of 4 and 11 percent among 60-80 and older than 80 years old women,
respectively. We still lack data defining the optimal lifestyle interventions to prevent HF
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in this population especially HF with preserved ejection fraction (HFpEF) which has no
effective therapy, and is more common in women, older adults, and those with multiple
comorbidities. 1

Physical activity (PA) has been associated with lower risk of HF2, but the role of specific
types of PA remains to be elucidated. Walking, which essentially does not require any
equipment, is the most common type of PA, especially for women and older adults.3
Walking volume (MET-hrs/week) has been shown to be inversely related to incident
coronary heart disease, cardiovascular disease (CVD), CVD-specific and all-cause mortality
in older women.* A few studies have evaluated walking pace independent of walking
duration and found that those with a faster walking pace had a lower risk of incident

CVD, CVD and all-cause mortality.>~7 Studies on the specific relationship between walking
and the risk of developing HF are extremely limited. We previously published results of

a 14-year follow-up on 137,303 multiethnic older women and showed significant inverse
associations of walking volume with risks of HF and its sub-types, after controlling
extensively for confounding including total PA levels.8 However, we did not evaluate the
unique role of walking pace in this previous study. Postmenopausal women and racial-ethnic
minorities are disproportionately affected by the burden of HFand physical inactivity,

9and yet under-represented in most previous studies on PA and HF risk.2 Lack of time

is frequently cited as the primary barrier to meeting current recommendations regarding
physical activity.10 If brisk walking for a shorter duration (frequency X time per bout)
provides similar benefit as walking at a slower pace but for a longer duration, then PA
recommendations may suggest such a strategy to improve health outcomes. This could be
particularly relevant among older adults who often are not capable of safely engaging in
other types of activities at higher intensity, but who are able to participate in walking and
gradually increase their walking pace.1! Understanding of the potential role of walking
pace in the development of HF and its subtypes in later life could provide the opportunity
to refine PA recommendations as part of primary HF prevention for older adults. In

this prospective study, we examined associations of walking pace with overall HF and

its subtypes adjusting for walking duration (hours/week) and non-walking PA among the
Women’s Health Initiative (WHI) participants.

METHODS

Study Population

The WHI includes 161,808 postmenopausal women aged 50 to 79 years recruited from 40
clinical centers in the United States between 1993 and 1998. Details of the recruitment,
baseline assessments, and follow-up have been published previouslyl2.13.14 |n 2010, a
sub-cohort of 44,174 participants, oversampled for African American and Hispanic/Latina
women, were evaluated both retrospectively and prospectively until March 31, 2018 for
incident hospitalized HFpEF and HFrEF events by trained physician adjudicators.1> After
excluding participants who at WHI enrollment had a history of HF, cancer, or severely
limited ability to walk one block due to health as well as those who reported walking never
or rarely at baseline, the final analytical sample included 25,183 postmenopausal women for

J Am Geriatr Soc. Author manuscript; available in PMC 2023 June 16.
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the current analysis (shown in the Supplementary Figure S1). The baseline characteristics of
those with missing walking pace are available in the Supplementary Table S1.

The methods of baseline data collection in WHI 1214 and validation of HF cases®1516

have been published. At the baseline visit, participants completed self-administered
questionnaires related to personal and family health histories, recreational PA, smoking, diet,
and other behavioral and lifestyle-related factors. Clinical measurements, including height,
weight, waist and hip circumferences, and blood pressure, were obtained by trained staff
members. A detailed questionnaire was administered to collect data on different types of
recreational PA (including strenuous, moderate, and mild activities).1” Walking was assessed
separately to the questions on recreational PA by a series of specific questions about the
frequency of walks outside the home for more than 10 minutes without stopping, the average
duration of each walk, and the usual walking pace (causal: less than 2 miles per hour;
average: 2-3 miles per hour; fast: more than 3 miles per hour). Metabolic equivalent (MET)
intensity values for specific activities were obtained from the Compendium of Physical
Activities,18 and assigned to each walking pace (casual 2 METs; average 3 METS; fast

4.5 METS). Total walking volume was calculated as the product of walking duration

and frequency (hours/week) multiplied by the walking MET values, and summarized as
MET-hours/week of walking activity. The validity and test-retest reliability of different PA
measures in the WHI have been published.19:20 Supplementary Figure S2 depicts how total
recreational PA energy expenditure is created by different PA-related variables in WHI.

Ascertainment of Heart Failure

The WHI adjudication criteria for HF and its subtypes have been described in detail
elsewhere.15.16 physician adjudicators reviewed hospital records of suspected HF cases for
evidence of acute decompensated HF. Adjudication of hospitalized HF subtypes (HFpEF vs.
HFrEF) was on the basis of measured ejection fraction (EF) at the time of HF diagnosis.
HFrEF was defined as HF with an EF < 45% and HFpEF was defined as HF with an EF =
45%. If no ejection fraction was available, it was classified as HF with unconfirmed ejection
fraction and was not included in the present analysis. The acute HF classification system
used in this analysis has been shown to have good agreement with other epidemiological HF
algorithms.2!

Statistical Analysis

Baseline participant characteristics were summarized according to walking pace categories
(casual, average, and fast). Continuous variables are presented as the mean + SD or
median with interquartile range, and categorical variables are presented as frequencies and
proportions. Differences in baseline characteristics across walking pace categories were
tested by y? tests for categorical variables and by analysis of variance (ANOVA) for
continuous variables.

In the primary analysis, walking pace (casual [referent], average, and fast) at baseline was
the exposure of interest and the incidence of HF, HFpEF, and HFrEF during follow-up were
the outcomes of interest. Follow-up time for each participant was calculated from the date

J Am Geriatr Soc. Author manuscript; available in PMC 2023 June 16.
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of study enrollment to the date of a confirmed incident HF event, last follow-up, death from
any cause, or completion of the follow-up interval (March 31, 2018), whichever came first.
Multivariable-adjusted Cox proportional hazards regression models were used to examine
associations between walking pace and risk of HF, adjusting for age, WHI OS/CT indicator,
ethnicity, region, education, income, smoking status, alcohol consumption, BMI, hormone
therapy (HT) use, dietary alternative health eating index (AHEI) score, family history of
premature myocardial infarction (MI), and history of hysterectomy. Non-walking PA volume
(MET-hours/week) and the duration of walking (hours/week) were additionally included as
a covariate in multivariable models in order to better isolate the contribution that walking
pace has on HF risk, independent of non-walking PA and walking duration. Since diabetes
mellitus, hypertension and dyslipidemia may be in the causal pathway, we only analyzed
these covariates as potential confounders in sensitivity analyses. Kaplan-Meier curves were
visually inspected to evaluate whether the proportionality assumption violated for walking
pace categories; no appreciable violations were noted. Test for trend evaluated non-zero
linear slope using median values for each category walking pace.

To ensure the robustness of our primary results, a series of sensitivity analyses were
conducted by: 1) additional adjusting for the vigorous intensity PA (MET-hours/week),
history of diabetes, history of hypertension, and history of hypercholesterolemia; 2)
excluding participants with prevalent CVD at baseline; 3) excluding participants with a
low physical functioning score constructed from the Rand 36-1tem Health Survey (Rand-36;
scored 0-100 with higher scores reflecting better function) as slow walking pace has been
associated with low levels of self-reported physical function and frailty ; and 4) excluding
incident HF cases identified during the first 3 years of follow-up. The latter three of these
sensitivity analyses were to address the possibility of reverse causation conferred by the
presence of subclinical disease, and related poor physical function at baseline beyond the
baseline exclusions of those who reported the inability to walk one block due to health or
those who reported no walking behavior.

To compare the importance of walking pace among those with shorter walking durations
per week, we defined nine combinations of walking pace (3 levels) and duration (3 levels),
and calculated the hazard ratios of each combination compared with the slowest, shortest
walking profile (casual walking with less than 1 hour/week duration) as the reference, using
the same multivariable adjusted model.

Cohort Characteristics

At baseline, the mean age of all study participants was 62.6 (sd=7.2) years, 56% of
participants were white, 28% were black, 14% were Hispanic, and 2% were of other
non-specified race and ethnic groups. Compared with women who reported casual walking
pace, those who reported walking at a fast pace were, on average, younger, higher proportion
of Caucasian race-ethnicity, had lower BMI and blood pressures, higher physical functioning
scores and total recreational PA, and slightly higher diet quality scores (Table 1). These
women also had a lower history of hysterectomy and lower prevalence of diabetes,
hypertension, hypercholesterolemia, and family history of MI.

J Am Geriatr Soc. Author manuscript; available in PMC 2023 June 16.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Miremad et al. Page 6

Associations between walking pace and risk of total hospitalized HF

During a median follow-up of 16.9 (IQR=11.7) years, we identified 1455 newly diagnosed
and adjudicated cases of acute decompensated hospitalized HF with available data on
walking pace, including 811 cases of HFpEF, 429 cases of HFrEF, and 215 cases of
unknown EF. Walking pace was a strong predictor of the subsequent risk of hospitalized HF
(Table 2). After adjusting for age, WHI OS/CT indicator, race/ethnicity, region, education,
income, smoking status, alcohol consumption, BMI, HT use, AHEI score, family history

of MI, and history of hysterectomy, non-walking PA, and walking duration (hours/week),
walking pace was significantly associated with risk of hospitalized HF in an inverse and
graded manner (Pygng < 0.001). Across incremental categories of walking pace (casual,
average, fast), the HR was 1.00 (referent), 0.73 (95% CI: 0.65, 0.83) and 0.66 (95% CI: 0.56,
0.78).

Associations between walking pace and risk of hospitalized HFpEF and HFrEF

After controlling for the same covariates as above, a significant inverse dose-response
relationship was also observed between walking pace categories and hospitalized HFpEF
(Table 2). Compared with casual walkers, women who walked at an average or fast pace had
HRs for HFpEF of 0.73 (95% CI: 0.62, 0.86) and 0.63 (95% CI: 0.50, 0.80), Pyeng <0.001,
respectively. The multivariable-adjusted association with hospitalized HFrEF comparing the
average walking to casual walking pace was also statistically significant (HR=0.72, 95%

Cl: [0.57, 0.91]). There was a borderline significant difference observed between those

who walked at a fast compared with casual pace (HR=0.74, 95% CI: [0.54, 0.99], and the
Pyrengd=0.031 was also significant. Supplementary Figure S3 shows Kaplan-Meier estimated
survival curves for HF and HF subtypes, based on walking pace.

Sensitivity analyses

To account for vigorous intensity PA other than fast walking, we additionally adjusted

for total volume of vigorous PA. In the same sensitivity analysis, we also adjusted for
potential confounding by diabetes, hypertension and dyslipidemia, which could be on the
causal pathway between walking pace and HF. As shown in Table 3, walking pace remained
significantly associated with the risk of incident acute hospitalized overall HF, HFpEF in

an inverse and graded fashion, similar to what was observed in the primary analysis, but a
significant inverse association with hospitalized HFrEF was not observed.

To reduce the likelihood of reverse causality, we excluded prevalent CVD cases and those
developing HF in the first three years of follow-up in separate sensitivity analyses and found
similar results as the primary analysis (Table 3). As slow walking pace is also associated
with low physical function and frailty, we performed additional sensitivity analyses, where
we excluded those participants with low physical functioning score (Rand-36 physical
functioning score <60) and found similar results for total hospitalized HF and HFpEF (Table
3).

J Am Geriatr Soc. Author manuscript; available in PMC 2023 June 16.
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Joint associations between walking duration and walking pace with total hospitalized HF,
HFpEF, and HFrEF

To better understand the unique contribution of walking pace in conjunction with different
walking durations, we evaluated the joint association of walking pace and duration with HF
and its subtypes. Using casual walking pace with the shortest walking duration of less than 1
hour/week as the reference group, we observed significantly lower risk of total HF, HFpEF,
and HFrEF for the average and fast pace walking participants even with the same walking
duration (Figure 1).

As we expected, fast walking with longest walking duration (>2 hours/week) had the lowest
hazard rate among the nine possible joint groups with regard to HF, HFpEF, and HFrEF.
However, the most interesting finding was that in comparison with duration, walking pace
seems to be a stronger predictor for HF and its subtypes; fast walking groups (even those
with a walking duration of less than 1hour/week) were associated with lower hazard ratios
than almost all the remaining groups, particularly with regard to total HF and HFpEF.

DISCUSSION

Among a large multi-racial cohort of postmenopausal women, an inverse graded relationship
with walking pace was found for both acute hospitalized overall HF and HFpEF. In our
previous study within the WHI8 a strong significant inverse association between walking
volume (met-hours/week) and HF incidence was observed. However, these earlier results
did not evaluate the unique role of walking pace. Other studies on walking pace and
cardiovascular outcomes provide corroborating evidence.>19 In the UK Biobank study?®,
women walking at a fast pace (>4 mph, as in our study) when compared with women
defined as slower walkers, had a 27% and 20% lower multivariable risk of all-cause and
CVD mortality, respectively, adjusting for total walking duration and total physical activity.
Indeed, slow walking pace both objectively measured and self-reported has been associated
with increased risk of mortality, incident disability, and poor physical functioning.22-26 Two
studies drawn from the Copenhagen Heart Study?’ and the Cardiovascular Heart Study?28
found an inverse relationship between the walking pace and risk of HF. While the majority
of their study populations were non-Hispanic whites, the current study has a larger sample
size (two and four times, respectively) and more racially-ethnically diverse study population.
Also, to our knowledge, the present investigation is the first large prospective study to assess
the association of walking pace and the risks of incident HFpEF and HFrEF, and to do

so with a focus on older postmenopausal women who typically have been understudied in
this topic area. Collectively, these studies support the notion that walking pace is a key
dimension of human walking behavior in relationship to health benefits (here HF risk) and
should be considered in the development of updated PA guideline recommendations and the
design of future lifestyle interventions targeted toward optimizing cardiovascular health, and
HF prevention, in later life. Sarcopenia—loss of muscle mass in association with weakness
and diminished PA in severe cases—is associated with slow walking pace and increased risk
of HF especially HFpEF.29 It has been shown that higher PASE (Physical Activity Scale
Elderly) is associated with higher muscle mass and strength; and, PASE score in addition

to the evaluation of muscle mass and strength enable us to identify older adults who are at

J Am Geriatr Soc. Author manuscript; available in PMC 2023 June 16.
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high-risk of sarcopenia.3% Also, in a recently published paper by Konishi et al., sarcopenia
was shown to be an independent predictor of 1-year mortality in both HFpEF and HFrEF
[hazard ratio 2.42 (1.36-4.32) for HFpEF and 2.02 (1.08-3.75) for HFrEF].31 Therefore,
sarcopenia is likely to be a mediator between walking pace and HF, especially HF prognosis
and mortality.

Based on the results of the joint association of walking pace and duration with incident

HF, we observed that average-paced walking even with relatively shorter durations was
consistently associated with lower hazard ratios than casual walking pace with longer
durations. Therefore, while fast pace might be physically out of reach for a large number

of older postmenopausal women, achieving the average pace may be helpful for this
population, and make the case for targeted interventions like group walking classes. The
LIFE clinical trial study32 (Lifestyle Interventions and Independence for Elders) had

an intervention arm with a goal of achieving 150 minutes/week of moderate-intensity
walking. While it did not include HF as an outcome, no significant improvement on other
cardiovascular outcomes were found. However, the average age of its participants was 7945
years old, with less than four years of follow-up. In comparison, our current study’s average
age at baseline was approximately 63 years old, with a median follow-up of 16.9 years. That
is why we believe that we still need to conduct physical activity intervention trials, or in

the meantime, hypothetical interventions on large longitudinal observational data by using
modern causal inference methods.

A study in the UK Biobank demonstrated a strong dose-response relationship between
walking pace and maximal oxygen uptake-26 among 26,593 women, aged 39-73 years,
age-adjusted mean maximal oxygen uptake was 28.1 mL/kg/min for women reporting slow
walking pace (mph were not given), 30.9 mL/kg/min for steady/average pace walkers, and
34.0 mL/kg/min among brisk walkers (trend p < 0.001). These results imply that walking
pace may be an important marker of one’s cardiorespiratory fitness, which has been shown
to be inversely associated with HF incidence in women.33 We attempted to control for the
influence of differences in physical functioning in the present analysis on walking pace and
HF risk using several approaches. Women who self-reported inability to walk one block
unassisted were excluded from the analytic cohort for the present study. We conducted
analyses stratifying on RAND36 physical functioning score, as well as sensitivity analysis
that excluded women with low RAND36 scores. Results were consistent in showing an
inverse association between walking pace and risk of overall HF and HFpEF.

Strengths of the present study include the prospective design, the large sample size,

diverse cohort, detailed assessment of walking traits, long-term follow-up, adjudicated
acute decompensated hospitalized HF data, adjustment for a large number of confounders
including non-walking recreational PA, and availability of data on HF subtypes.
Additionally, in the sensitivity analysis, we adjusted for several potential mediators.
Therefore, our analyses provide relatively conservative estimates of the association between
walking pace and HF, suggesting actually even greater potential benefits could be related to
walking.

J Am Geriatr Soc. Author manuscript; available in PMC 2023 June 16.
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There are also several potential limitations. First, although the study population was of
more diverse racial-ethnic and social background than most previous studies, it consists of
only postmenopausal women, which may limit generalizability. Another major limitation
is the measurement error that was inevitably involved in the assessment of walking-related
traits using questionnaires. While our physical activity measures including walking pace
and duration were self-reported, the instrument used in WHI has been shown to have
reasonably high reproducibility.19 Given the prospective study design in which walking
exposures were self-reported prior to HF diagnosis, exposure misclassification would most
likely be non-differential and estimated associations would be biased towards the null.
Additionally, since initial ascertainment of HFpEF and HFrEF cases was based upon self-
reported hospitalization, this could have resulted in some missed cases of outpatient HF.
However, outpatient diagnosed HF is less than 25% of HF, is equally distributed between
HFpEF and HFrEF, and leads to subsequent hospitalization within a relatively short period
of time.34 In addition, ejection fraction information, while captured in the majority of HF
outcomes among the women in the sub-cohort where EF was classified, was missing in
17%, leading to potential misclassification bias. We excluded these individuals from our
HF subtype analysis. This bias is likely non-differential and would be expected to bias our
results towards the null.

CONCLUSION

Among a large and diverse cohort of postmenopausal women, faster walking pace was
associated with lower risks of incident acute decompensated hospitalized HF, HFpEF, and
HFrEF. These findings suggest that a slow walking pace may help to identify those at
higher risk of HF and that walking at a faster pace may be associated with improved
cardiovascular health for postmenopausal women,8” here extending to HF, even with less
than 1 hour/week walking duration. Slow walking pace may help to identify those at higher
risk of HF who may benefit from targeted interventions to increase cardiorespiratory fitness
and enhanced exercise tolerance. Randomized controlled primary HF prevention trials are
needed to confirm our findings and to determine the safety profile of fast compared with
slow walking in older ages. Future design of PA intervention programs should take into
account the important role of walking pace for improving and maintaining cardiovascular
health in older adults.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Sponsor’s Role:

This research is supported by the National Institutes of Health, NHLBI RO1 HL130591 WHISH-2-Prevent HF
Grant (PI: CB Eaton).

The WHI program is funded by the National Heart, Lung, and Blood Institute, National Institutes of Health,
U.S. Department of Health and Human Services through contracts HHSN268201600018C,HHSN268201600001C,
HHSN268201600002C, HHSN268201600003C, and HHSN268201600004C.

Program Office: (National Heart, Lung, and Blood Institute, Bethesda, Maryland) Jacques Rossouw, Shari
Ludlam, Joan McGowan, Leslie Ford, Nancy Geller Clinical Coordinating Center: (Fred Hutchinson Cancer

J Am Geriatr Soc. Author manuscript; available in PMC 2023 June 16.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Miremad et al.

Page 10

Research Center, Seattle, WA) Garnet L. Anderson, Ross Prentice, Charles Kooperberg, Lisa Johnson, Andrea
LaCroix, Lesley Tinker, Marian Neuhouser, Susan Heckbert, Alex Reiner, Chongzhi Di, Xiaoling Song, Wayne
Rosamond, Shirley Beresford, Chu Chen, Barbara Cochrane Investigators and Academic Centers: (Brigham and
Women’s Hospital, Harvard Medical School, Boston, MA) JoAnn E. Manson, Shari Bassuk, Howard Sesso,

Lu Wang; (MedStar Health Research Institute, Washington, DC) Barbara V. Howard; (Stanford Prevention
Research Center, Stanford, CA) Marcia Stefanick, Mark Hlatky, Marco Perez, Themistocles (Tim) Assimes and
Jean Tang; (The Ohio State University, Columbus, OH) Rebecca Jackson, Randall Harris, Electra Paskett, W.
Jerry Mysiw, Michael Blumenfeld; (University of Arizona, Tucson/Phoenix, AZ) Cynthia A. Thomson, Tamsen
Bassford, Cheryl Ritenbaugh, Zhao Chen, Marcia Ko; (University at Buffalo, Buffalo, NY) Jean Wactawski-
Wende, Michael LaMonte, Amy Millen, Heather Ochs-Balcom, Christopher Andrews; (University of Florida,
Gainesville/Jacksonville, FL) Marian Limacher, Michael Perri, Andrew Kaunitz, R. Stan Williams, Yvonne
Brinson; (University of lowa, lowa City/Davenport, IA) Jennifer Robinson, Robert Wallace, James Torner, Susan
Johnson, Linda Snetselaar; (University of Nevada, Reno, NV) Robert Brunner, Sandra Daugherty1 ; (University
of Pittsburgh, Pittsburgh, PA) Lewis Kuller, Jane Cauley, N. Carole Milas; (Wake Forest University School of
Medicine, WinstonSalem, NC) Sally Shumaker, Stephen Rapp, Claudine Legault, Mark Espeland, Laura Coker,
Michelle Naughton Women’s Health Initiative Memory Study: (Wake Forest University School of Medicine,
Winston-Salem, NC) Mark Espeland, Sally Shumaker, Stephen Rapp, Claudine Legault, Laura Coker, Michelle
Naughton Former Principal Investigators and Project Officers: (Albert Einstein College of Medicine, Bronx, NY)
Sylvia Wassertheil-Smoller (Baylor College of Medicine, Houston, TX) Haleh Sangi-Haghpeykar, Aleksandar
Rajkovic, Jennifer Hays, John Foreyt; (Brown University, Providence, RI) Charles B. Eaton, Annlouise R.

Assaf; (Emory University, Atlanta, GA) Lawrence S. Phillips, Nelson Watts, Sally McNagny, Dallas Hall,;

(Fred Hutchinson Cancer Research Center, Seattle, WA) Shirley A.A. Beresford, Maureen Henderson; (George
Washington University, Washington, DC) Lisa Martin, Judith Hsia, Valery Miller; (HarborUCLA Research and
Education Institute, Torrance, CA) Rowan Chlebowski (Kaiser Permanente Center for Health Research, Portland,
OR) Erin LeBlanc, Yvonne Michael, Evelyn Whitlock, Cheryl Ritenbaugh, Barbara Valanis; (Kaiser Permanente
Division of Research, Oakland, CA) Bette Caan, Robert Hiatt; (National Cancer Institute, Bethesda, MD) Carolyn
Cliffordl ; (Medical College of Wisconsin, Milwaukee, WI) Jane Morley Kotchen; (National Heart, Lung, and
Blood Institute, Bethesda, Maryland) Linda Pottern; (Northwestern University, Chicago/Evanston, IL) Linda Van
Horn, Philip Greenland; (Rush University Medical Center, Chicago, IL) Lynda Powell, William Elliott, Henry
Black; (State University of New York at Stony Brook, Stony Brook, NY) Dorothy Lane, Iris Granek; (University
at Buffalo, Buffalo, NY) Maurizio Trevisan; (University of Alabama at Birmingham, Birmingham, AL) Cora E.
Lewis, Albert Oberman; R:\Committees\P&P\Useful Things\Acknow Lists\Long List.doc Last updated 8/17/18
(University of Arizona, Tucson/Phoenix, AZ) Tamsen Bassford, Cheryl Ritenbaugh, Tom Moon; (University of
California at Davis, Sacramento, CA) John Robbins; (University of California at Irvine, CA) F. Allan Hubbell,
Frank Meyskens, Jr.; (University of California at Los Angeles, CA) Simin Liu, Lauren Nathan, Howard Judd1 ;
(University of California at San Diego, LaJolla/Chula Vista, CA) Robert D. Langer; (University of Cincinnati,
Cincinnati, OH) Michael Thomas, Margery Gass, James Liu; (University of Hawaii, Honolulu, HI) J. David Curb;
(University of Massachusetts/Fallon Clinic, Worcester, MA) Judith Ockene; (University of Medicine and Dentistry
of New Jersey, Newark, NJ) Norman Lasser; (University of Miami, Miami, FL) Mary Jo O’Sullivan, Marianna
Baum; (University of Minnesota, Minneapolis, MN) Karen L. Margolis, Richard Grimm; (University of North
Carolina, Chapel Hill, NC) Gerardo Heiss, Barbara Hulka, David Sheps; (University of Tennessee Health Science
Center, Memphis, TN) Karen Johnson, William Applegate; (University of Texas Health Science Center, San
Antonio, TX) Robert Brzyski, Robert Schenken; (University of Wisconsin, Madison, WI) Gloria E. Sarto, Catherine
Allenl ; (Wake Forest University School of Medicine, Winston-Salem, NC) Mara Vitolins, Denise Bonds, Electra
Paskett, Greg Burke; (Wayne State University School of Medicine/Karmanos Cancer Institute, Detroit, MI) Michael
S. Simon, Susan Hendrix.

REFERENCES

1. Virani SS, Alonso A, Aparicio HJ, et al. Heart Disease and Stroke Statistics-2021 Update: A Report
From the American Heart Association. Circulation. 2021;143(8):e254—e743. [PubMed: 33501848]

2. LaMonte MJ. Physical Activity and Heart Failure: Taking Steps to Control a Major Public Health
Burden. Am J Lifestyle Med. 2020;14(6):555-570. [PubMed: 33110401]

3. Siegel PZ, Brackbill RM, Heath GW. The epidemiology of walking for exercise: implications
for promoting activity among sedentary groups. Am J Public Health. May 1995;85(5):706-710.
[PubMed: 7733433]

4. Hamer M, Chida Y. Walking and primary prevention: a meta-analysis of prospective cohort studies.
Br J Sports Med. Apr 2008;42(4):238-243. [PubMed: 18048441]

5. Celis-Morales CA, Gray S, Petermann F, et al. Walking Pace Is Associated with Lower Risk of
All-Cause and Cause-Specific Mortality. Med Sci Sports Exerc. Mar 2019;51(3):472-480 [PubMed:
30303933]

J Am Geriatr Soc. Author manuscript; available in PMC 2023 June 16.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Miremad et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Page 11

. Manson JE, Greenland P, LaCroix AZ, et al. Walking compared with vigorous exercise for the

prevention of cardiovascular events in women. N Engl J Med. 2002;347:716-725. [PubMed:
12213942]

. Manson JE, Hu FB, Rich-Edwards JW, et al. A prospective study of walking as compared with

vigorous exercise in the prevention of coronary heart disease in women. N Engl J Med. Aug 26
1999;341(9):650-658. [PubMed: 10460816]

. LaMonte MJ, Manson JE, Chomistek AK, et al. Physical Activity and Incidence of Heart Failure in

Postmenopausal Women. JACC Heart Fail. Dec 2018;6(12):983-995. [PubMed: 30196073]

. Physical Activity Guidelines Advisory Committee. 2018 Physical Activity Guidelines Advisory

Committee Scientific Report. Washington, DC: U.S. Department of Health and Human Services.
2018.

Trost SG, Owen N, Bauman AE, Sallis JF, Brown W. Correlates of adults’ participation in physical
activity: review and update. Med Sci Sports Exerc. 2002;34(12):1996—2001. [PubMed: 12471307]
Lee IM, Buchner DM. The importance of walking to public health. Med Sci Sports Exerc. 2008
Jul;40(7 Supl):S512-8. [PubMed: 18562968]

Design of the Women’s Health Initiative clinical trial and observational study. The Women’s
Health Initiative Study Group. Control Clin Trials. Feb 1998;19(1):61-109. [PubMed: 9492970]
Langer RD, White E, Lewis CE, Kotchen JM, Hendrix SL, Trevisan M. The Women’s Health
Initiative Observational Study: baseline characteristics of participants and reliability of baseline
measures. Ann Epidemiol. Oct 2003;13(9 Suppl):S107-121. [PubMed: 14575943]

Stefanick ML, Cochrane BB, Hsia J, Barad DH, Liu JH, Johnson SR. The Women’s Health
Initiative postmenopausal hormone trials: overview and baseline characteristics of participants.
Ann Epidemiol. Oct 2003;13(9 Suppl):S78-86. [PubMed: 14575940]

Eaton CB, Pettinger M, Rossouw J, et al. Risk Factors for Incident Hospitalized Heart Failure With
Preserved Versus Reduced Ejection Fraction in a Multiracial Cohort of Postmenopausal Women.
Circ Heart Fail. Oct 2016;9(10).

Eaton CB, Abdulbaki AM, Margolis KL, et al. Racial and ethnic differences in incident
hospitalized heart failure in postmenopausal women: the Women’s Health Initiative. Circulation.
Aug 07 2012;126(6):688-696. [PubMed: 22753306]

LaMonte MJ, Lee IM, Rillamas-Sun E, et al. Comparison of Questionnaire and Device Measures
of Physical Activity and Sedentary Behavior in a Multi-Ethnic Cohort of Older Women, JMPB ,
2(2), 82-93

Ainsworth BE, Haskell WL, Herrmann SD, et al. 2011 Compendium of Physical Activities: a
second update of codes and MET values. Med Sci Sports Exerc. Aug 2011;43(8):1575-1581.
[PubMed: 21681120]

Meyer AM, Evenson KR, Morimoto L, Siscovick D, White E. Test-retest reliability of

the Women’s Health Initiative physical activity questionnaire. Med Sci Sports Exerc. Mar
2009;41(3):530-538. [PubMed: 19204598]

Anderson GL, Manson J, Wallace R, et al. Implementation of the Women’s Health Initiative study
design. Ann Epidemiol. Oct 2003;13(9 Suppl):S5-17. [PubMed: 14575938]

Rosamond WD, Chang PP, Baggett C, et al. Classification of heart failure in the atherosclerosis
risk in communities (ARIC) study: a comparison of diagnostic criteria. Circ Heart Fail. Mar 01
2012;5(2):152-159. [PubMed: 22271752]

Dumurgier J, Elbaz A, Ducimetiere P, Tavernier B, Alperovitch A, Tzourio C. Slow walking speed
and cardiovascular death in well functioning older adults: prospective cohort study. BMJ (Clinical
research ed.) Nov 10 2009;339:b4460.

Liu B, Hu X, Zhang Q, Fan Y, et al. Usual walking speed and all-cause mortality risk in older
people: A systematic review and meta-analysis. Gait Posture, 2016 Feb;44:172—7. [PubMed:
27004653]

Perera S, Patel KV J Rosano C, Rubin SM, et al. Gait speed predicts incident disability: A pooled
Analysis. J Gerontol A Biol Sci Med Sci 2016 Jan;71(1)63-71. [PubMed: 26297942]

Fielding RA, Guralnik JM, King AC, et al. Dose of physical activity, physical functioning and
disability risk in mobility-limited older adults: Results from the LIFE study randomized trial.
PLo0S One 2017, 12(8):e0182155. [PubMed: 28820909]

J Am Geriatr Soc. Author manuscript; available in PMC 2023 June 16.



1duosnue Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Miremad et al.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Page 12

Yates T, Zaccardi F, Dhalwani NN, et al. Association of walking pace and handgrip strength with
all-cause, cardiovascular, and cancer mortality: a UK Biobank observational study. Eur Heart J.
2017;38(43):3232-3240. doi:10.1093/eurheartj/ehx449. [PubMed: 29020281]

Saevereid HA, Schnohr P, Prescott E. Speed and duration of walking and other leisure time
physical activity and the risk of heart failure: a prospective cohort study from the Copenhagen City
Heart Study. PLoS One. 2014 Mar 12;9(3):€89909. [PubMed: 24621514]

Del Gobbo LC, Kalantarian S, Imamura F, et al. Contribution of Major Lifestyle Risk Factors for
Incident Heart Failure in Older Adults: The Cardiovascular Health Study. JACC Heart Fail. 2015
Jul;3(7):520-528. [PubMed: 26160366]

Fulster S, Tacke M, Sandek A, et al. Muscle wasting in patients with chronic heart failure: results
from the studies investigating co-morbidities aggravating heart failure (SICA-HF). Eur Heart J.
2013;34(7):512-519. doi:10.1093/eurheartj/ehs381 [PubMed: 23178647]

Curcio F, Liguori I, Cellulare M, et al. Physical Activity Scale for the Elderly (PASE) Score Is
Related to Sarcopenia in Noninstitutionalized Older Adults. J Geriatr Phys Ther. 2019;42(3):130—
135. doi:10.1519/JPT.0000000000000139 [PubMed: 28786911]

Konishi M, Kagiyama N, Kamiya K, et al. Impact of sarcopenia on prognosis in patients with heart
failure with reduced and preserved ejection fraction. Eur J Prev Cardiol. 2021;28(9):1022-1029.
doi:10.1093/eurjpc/zwaall? [PubMed: 33624112]

Vaz Fragoso CA, Beavers DP, Anton SD, et al. Effect of Structured Physical Activity on
Respiratory Outcomes in Sedentary Elderly Adults with Mobility Limitations. J Am Geriatr Soc.
2016;64(3):501-509. d0i:10.1111/jgs.14013 [PubMed: 27000324]

Berry JD, Pandey A, Gao A, et al. Physical fitness and risk for heart failure and coronary artery
disease. Circ Heart Fail. 2013;6(4):627-634. doi:10.1161/CIRCHEARTFAILURE.112.000054
[PubMed: 23677924]

Gerber Y, Weston SA, Redfield MM, et al. A contemporary appraisal of the heart failure epidemic
in Olmsted County, Minnesota, 2000 to 2010. JAMA Intern Med. Jun 2015;175(6):996-1004.
[PubMed: 25895156]

J Am Geriatr Soc. Author manuscript; available in PMC 2023 June 16.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Miremad et al.

Page 13

Key Points:

. Walking pace was inversely associated with risks of overall HF, HFpEF, and
HFrEF in postmenopausal women.

. The risk of incident HF among fast walkers with a walking duration of less
than 1 hour/week was equal to or lower than the risk of HF among walkers
with casual or average pace who had reported 1-2 hours and more than 2
hours walking per week.

Why does this matter?

From a geriatrician viewpoint, slow walking pace may help to identify those at higher
risk of HF who may benefit from targeted interventions to increase cardiorespiratory
fitness and enhanced exercise tolerance. From a preventive viewpoint, if our finding—fast
walking compensates for relatively shorter durations of walking with regard to the risk

of incident HF—is proven to be causal by randomized trials, there will be an opportunity
for those who do not have enough time or motivation to walk as long as the guidelines
recommend to still reduce their HF risk by increasing their walking pace when capable of
doing so.
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Figurel.
Joint association of walking pace and duration with incident HF. Casual walking pace

with walking duration<1 hour/week is the reference group. As expected, fast walking with
longest walking duration (>2 hours/week) had the lowest hazard rate. Compared to walking
duration, walking pace seems to be a stronger predictor for incident HF. Average and fast
walking even with short walking duration were associated with lower hazard ratios than
casual walking pace with longer durations.
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Table 1.
Baseline characteristics of analysis sample (N=25,183) according to walking pace categories.
Casual (<2mph)  Average (2-3 mph)  Fast (>3 mph)
N=6,266 N=12,764 N=6,153 p-value
Age, mean (SD), year 62.8 (7.2) 62.9(7.2) 61.6 (6.9) <.001
Ethnicity, No. (%)
Black 2,389 (38.1) 3,153 (24.7) 1,599 (26.0) <.001
Hispanic 1,071 (17.1) 1,595 (12.5) 739 (12.0)
Other 196 (3.1) 304 (2.4) 140 (2.3)
White 2,610 (41.7) 7,712 (60.4) 3,675 (59.7)
Body Mass Index, mean (SD), kg/m2 30.6 (6.4) 28.8 (5.7) 27.0 (5.0) <.001
Alternative Healthy Eating Index (AHEI-2010), mean (SD) 49.7 (10.0) 52.4 (10.4) 55.2 (10.7) <.001
Systolic blood pressure, mean (SD), mmHg 131.1 (17.6) 128.6 (17.6) 125.5 (17.3) <.001
Diastolic blood pressure, mean (SD), mmHg 76.9 (9.4) 76.2 (9.2) 75.7 (9.0) <.001
Physical functioning score (Rand-36), mean (SD) 78.4 (17.4) 85.9 (13.4) 91.3(10.4) <.001
Energy expenditure from total physical activity, mean (SD), MET-
hriwk 7.02 (9.34) 12.27 (12.25) 21.00 (17.36) <.001
Proportion of total physical activity energy expenditure from walking,
mean (SD) 0.51 (0.41) 0.54 (0.37) 0.58 (0.33) <.001
Walking frequencies, No. (%)
1-3 times/month 1,884 (30.1) 2,374 (18.6) 604 (9.8) <.001
1 time/wk 1,087 (17.4) 1,652 (12.9) 480 (7.8)
2-3 times/wk 1,847 (29.5) 4,561 (35.7) 1,981 (32.2)
4-6 times/wk 964 (15.4) 3,126 (24.5) 2,351 (38.2)
7 or more times/wk 484 (7.7) 1,051 (8.2) 737 (12.0)
Usual walking bout duration, No. (%)
Less than 20 min 2,950 (47.1) 3,193 (25.0) 813 (13.2) <.001
20-39 min 2,508 (40.0) 6,255 (49.0) 2,744 (44.6)
40-59 min 419 (6.7) 2,166 (17.0) 1,590 (25.8)
1 hr or more 389 (6.2) 1,150 (9.0) 1,006 (16.4)
Smoking, No. (%)
Non-smokers 3,290 (53.3) 6,634 (52.5) 3,028 (49.7) <.001
Past smokers 2,185 (35.4) 4,921 (38.9) 2,662 (43.7)
Current smokers 699 (11.3) 1,087 (8.6) 409 (6.7)
Alcohol, No. (%)
Non-drinkers 948 (15.3) 1,540 (12.2) 626 (10.2) <.001
Past drinkers 1,681 (27.1) 2,441 (19.3) 1,030 (16.8)
Current drinkers 3,637 (58.0) 8,783 (68.8) 4,497 (73.1)
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Casual (<2mph)

Average (2-3 mph)

Fast (>3 mph)

N=6,266 N=12,764 N=6,153 p-value

Education, No. (%)

Less than college 4,566 (72.9) 8,073 (63.2) 3,591 (58.4) <.001

College degree or higher 1,700 (27.1) 4,691 (36.8) 2,562 (41.6)
Income, No. (%)

Less than $20,000 1,786 (28.5) 2,432 (19.1) 833(13.5) <.001

$20,000 to $74,999 3,568 (56.9) 8,073 (63.2) 3,927 (63.8)

$75,000 or more 535 (8.5) 1,557 (12.2) 1,051 (17.1)

Unknown/refused 377 (6.0) 702 (5.5) 342 (5.6)
Diabetes, No. (%) 586 (9.4) 678 (5.3) 190 (3.1) <.001
Hypertension, No. (%) 2,741 (43.7) 4,525 (35.4) 1,678 (27.3) <.001
Hypercholesterolemia, No. (%) 1,007 (16.1) 1,810 (14.2) 714 (11.6) <.001
Hormone replacement therapy, No. (%)

Never used 3,112 (49.8) 6,084 (47.9) 2,721 (44.4) <.001

Past user 1,952 (31.3) 4,247 (33.4) 2,004 (32.7)

Current user 1,182 (18.9) 2,372 (18.7) 1,403 (22.9)
Hysterectomy, No. (%) 2,827 (45.12) 5,124 (40.2) 2,237 (36.4) <.001
Family history of MI, No. (%) 682 (10.9) 1,400 (11.0) 6334 (10.3) <.001
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Table 2.

Rates and relative risks of HF and HF subtypes according to categories of walking pace (N=25,183).

Walking Pace  Number of cases  |ncidence Rate@

Hazard Ratio (95%Cl)

Model 1 Model 2 Model 3 Model 4

Total HF

<2 mph 454 52.3 1.00 1.00 1.00 1.00

2-3 mph 739 37.9 0.62 (0.55,0.70) 0.72(0.63,0.81) 0.72 (0.64,0.82) 0.73 (0.65,0.83)

>3 mph 262 26.2 0.48 (0.41,0.56)  0.63 (0.54,0.75)  0.64 (0.55,0.76)  0.66 (0.56,0.78)

P-trend - - <.001 <.001 <.001 <.001
HFpEF

<2 mph 246 28.3 1.00 1.00 1.00 1.00

2-3mph 421 21.6 0.63(0.53,0.73) 0.72(0.61,0.85) 0.72 (0.61,0.85) 0.73 (0.62,0.86)

>3 mph 144 14.4 0.46 (0.38,0.57)  0.62(0.50,0.77)  0.63 (0.50,0.78)  0.63 (0.50,0.80)

P-trend - - <.001 <.001 <.001 <.001
HFrEF

<2 mph 136 15.7 1.00 1.00 1.00 1.00

2-3 mph 206 10.6 0.62(0.49,0.77)  0.70(0.56,0.88)  0.71(0.57,0.89) 0.72 (0.57,0.91)

>3 mph 87 8.7 0.56 (0.43,0.74)  0.70 (0.52,0.94)  0.72 (0.54,0.97)  0.74 (0.54,0.99)

P-trend - - <.001 .010 .018 .031

Model 1: includes study component (WHI OS or CT), region, age and race-ethnicity.
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Model 2: Model 1 + education, income, alcohol consumption, smoking status, BMI, hormone therapy (HT) usage status, alternative health eating

index (AHEI), family history of MI, history of hysterectomy.

Model 3: Model 2 + non-walking physical activity.

Model 4: Model 2 + non-walking physical activity + walking duration (hours/week).

T per 100,000 person-years
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Table 3.

Sensitivity analyses of the associations of walking pace with Total HF, HFpEF, and HFrEF

Walking Pace Number of Cases Incidence Rate? HRP (95% CI) P-trend

Adjusting for vigorous PA, prevalent diabetes, hypertension and hypercholesterolemia (N=25,183)

Total HF
Casual (<2 mph) 454 52.2 1.00 <.001
Average (2-3 mph) 739 37.9 0.77 (0.68, 0.87)
Fast (>3 mph) 262 26.2 0.71 (0.59, 0.84)

HFpEF
Casual (<2 mph) 246 28.3 1.00 <.001
Average (2-3 mph) 421 21.6 0.77 (0.65, 0.91)
Fast (>3 mph) 144 14.4 0.68 (0.54, 0.86)

HFrEr
Casual (<2 mph) 136 15.7 1.00 077
Average (2-3 mph) 206 10.6 0.74 (0.59, 0.94)
Fast (>3 mph) 87 8.7 0.78 (0.57, 1.07)

Excluding prevalent CVD cases (N=24,297)

Total HF
Casual (<2 mph) 404 485 1.00 <.001
Average (2-3 mph) 663 34.9 0.72 (0.63, 0.82)
Fast (> 3 mph) 242 24.7 0.65 (0.55, 0.78)

HFpEF
Casual (<2 mph 216 25.9 1.00 <.001
Average (2-3 mph) 391 20.6 0.75 (0.63, 0.90)
Fast (>3 mph) 134 13.7 0.64 (0.50, 0.81)

HFrEF
Casual (<2 mph) 122 14.6 1.00 .016
Average (2-3 mph) 174 9.2 0.66 (0.51, 0.84)
Fast (>3 mph) 78 7.9 0.70 (0.50, 0.96)

Excluding participants with low physical functioningé(N=23,303)

Total HF
Casual (<2 mph) 357 47.4 1 <.001
Average (2-3 mph) 669 36.1 0.74 (0.65, 0.85)
Fast (>3 mph) 254 25.9 0.69 (0.57, 0.82)

HFpEF
Casual (<2 mph) 199 26.4 1 <.001
Average (2-3 mph) 388 20.9 0.72 (0.60, 0.87)
Fast (>3 mph) 138 14.1 0.63 (0.49, 0.80)

HFrEF
Casual (<2 mph) 108 14.3 1.00 132
Average (2-3 mph) 184 9.9 0.73 (0.57, 0.95)
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Walking Pace Number of Cases Incidence Rate@ HRP (95% CI) P-trend
Fast (>3 mph) 85 8.7 0.79 (0.57, 1.09)

Excluding the first three years of follow-up (N=24,354)

Total HF
Casual (<2 mph) 411 475 1.00 <.001
Average (2-3 mph) 684 35.2 0.73 (0.64, 0.83)
Fast (>3 mph) 253 25.3 0.68 (0.57, 0.81)

HFpEF
Casual (<2 mph) 229 26.5 1.00 <.001
Average (2-3 mph) 396 20.4 0.72 (0.61, 0.86)
Fast (>3 mph) 142 14.2 0.65 (0.51, 0.82)

HFrEF
Casual (<2 mph) 118 13.6 1.00 111
Average (2-3 mph) 191 9.8 0.75 (0.59, 0.96)
Fast (>3 mph) 84 8.4 0.79 (0.58, 1.08)

a’Per 100,000 person-years.
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b’ModeI is adjusted for age, OS/CT indicator, ethnicity, region, education, income, smoking status, alcohol consumption, BMI, hormone therapy
(HT) usage status, alternative health eating index (AHEI), family history of Ml, history of hysterectomy, non-walking physical activity, and walking

duration (Same as Model 4 in Table 2).

D’Low physical functioning defined as having a Rand-36 physical functioning score < 60.
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