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Abstract

Background: Older patients with heart failure with preserved ejection fraction have severe 

exercise intolerance. Vitamin D may play a role in cardiovascular and skeletal muscle function, 

and may therefore be implicated in exercise intolerance in heart failure with preserved ejection 

fraction. However, there are few data on vitamin D status and its relationship to exercise capacity 

in heart failure with preserved ejection fraction patients.

Methods: Plasma 25-hydroxyvitamin D (25[OH]D) and exercise capacity (peak oxygen 

consumption, [VO2], 6-minute walk distance) were measured in 112 older heart failure with 

preserved ejection fraction patients (mean ± SD age = 70 ± 8 years) and 37 healthy age-matched 

controls. General linear models were used to compare 25(OH)D between heart failure with 

preserved ejection fraction patients and healthy controls, and to determine the cross-sectional 

association between 25(OH)D and exercise capacity. The association between 25(OH)D and left 

ventricular function was evaluated secondarily in heart failure with preserved ejection fraction 

patients.

Results: 25(OH)D concentrations were significantly lower in heart failure with preserved 

ejection fraction vs healthy controls (11.4 ± 0.6 ng/mL vs 19.1 ± 2.1 ng/mL; P = .001, adjusted for 

age, race, sex, body mass index, season). More than 90% of heart failure with preserved ejection 

fraction patients had 25(OH) D insufficiency (<20 ng/mL) and 30% had frank 25(OH)D deficiency 

(<10 ng/mL). In heart failure with preserved ejection fraction patients, but not healthy controls, 

25(OH)D was significantly correlated with peak VO2 (r = 0.26; P = 0.007) and 6-minute walk 

distance (r = 0.34; P < .001).
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Conclusions: More than 90% of heart failure with preserved ejection fraction patients had 

25(OH)D insufficiency, and 30% were frankly deficient. Lower 25(OH)D was associated with 

lower peak VO2 and 6minute walk distance in heart failure with preserved ejection fraction, 

suggesting that 25(OH)D insufficiency could contribute to exercise intolerance in this patient 

population. These findings provide the data and rationale for a future randomized trial designed to 

test the potential for vitamin D supplementation to improve exercise intolerance in heart failure 

with preserved ejection fraction.
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INTRODUCTION

The predominant form of heart failure in older age is heart failure with preserved ejection 

fraction.1,2 Exercise intolerance, characterized by dyspnea and exertional fatigue, is the 

primary symptom of chronic heart failure with preserved ejection fraction.3 However, its 

pathophysiology is not well understood, and to date, few treatments have proven effective.1 

Cardiac output and arteriovenous oxygen difference (AVO2-Diff), the 2 components of peak 

VO2 according to the Fick equation, are both reduced during peak exercise and contribute 

equally to the reduced peak VO2 in heart failure with preserved ejection fraction.4–8 The 

reduction in peak AVO2-Diff indicates that peripheral factors such as abnormal skeletal 

muscle function or perfusion play an important role in limiting exercise capacity in heart 

failure with preserved ejection fraction.8 This is supported by the results of randomized 

trials of exercise training in this population, which demonstrated that improvements in 

physical function following exercise training in heart failure with preserved ejection fraction 

patients were independent of changes in cardiac output.9–11

Several lines of evidence suggest a potential role for vitamin D insufficiency in exercise 

intolerance in older patients with heart failure.12,13 Vitamin D receptors are present in 

several cell types, including skeletal muscle, cardiac muscle, and vascular smooth muscle. 

Vitamin D insufficiency is also implicated in skeletal muscle weakness and is associated 

with arterial thickening, myocardial hypertrophy, and hypertension, all of which have 

particular relevance to heart failure with preserved ejection fraction.14–17 Vitamin D 

insufficiency is highly prevalent in chronic heart failure patients in general,18–21 but the 

prevalence of vitamin D insufficiency specifically in heart failure with preserved ejection 

fraction patients has not been previously reported, and there is little information regarding 

the relationship between vitamin D status and exercise intolerance in heart failure with 

preserved ejection fraction. Therefore, the purpose of this study was to determine the 

vitamin D status (plasma 25-hydroxyvitamin D [25(OH)D]) of patients with heart failure 

with preserved ejection fraction compared with healthy age-matched controls, and to 

examine the association between plasma 25(OH) D and exercise performance and left 

ventricular function.
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METHODS

Participants

Heart failure with preserved ejection fraction patients (n = 116) were studied at baseline, 

prior to randomization into 1 of 2 randomized, placebo-controlled trials designed to 

determine the effect of enalapril or spironolactone on exercise capacity and quality of life. 

Patient selection and methods have been reported in detail, including the primary outcomes, 

which were negative.22,23 Heart failure with preserved ejection fraction patients were 

interviewed and examined by a board-certified cardiologist, and met the following inclusion 

criteria: signs and symptoms of heart failure defined by National Health and Nutrition 

Examination Survey score ≥3,24 the criteria by Rich et al,25 or both; left ventricular ejection 

fraction ≥50%; no segmental wall motion abnormalities; and no significant ischemic or 

valvular heart disease, pulmonary disease, anemia, or other disorder that could explain the 

patients’ symptoms.3,6,10 Thirty-seven healthy community-dwelling men (n = 17) and 

women (n = 20) from the same area (Forsyth County, NC) served as age-matched healthy 

controls. Healthy controls were recruited from the community and excluded if they had any 

chronic medical illness, were on any chronic medication, had current complaints or an 

abnormal physical examination (including blood pressure ≥140/90 mm Hg), had abnormal 

results on the screening tests (echocardiogram, electrocardiogram, cardiopulmonary exercise 

testing), or regularly undertook vigorous exercise.3,6 All participants provided written 

informed consent; all protocols were approved by the Wake Forest School of Medicine 

institutional review board.

Vitamin D Status

Plasma 25(OH)D was measured from stored plasma samples in 116 heart failure with 

preserved ejection fraction patients and the 37 healthy controls using the DiaSorin 

(Stillwater, MN) radioimmunoassay, following extraction with acetonitrile as recommended 

by the manufacturer. Blood samples from heart failure with preserved ejection fraction 

patients were obtained at the screening visit and blood samples from all participants were 

drawn prior to exercise testing, and immediately chilled and centrifuged. Plasma was 

separated and stored at −80˚C until time of analysis. Plasma 25(OH)D assays were 

completed without knowledge of patient/control status. The sensitivity of the assay is 1.5 

ng/mL. The intra-assay and inter-assay coefficients of variation were 7.3% and 10%, 

respectively.

Exercise Performance

Cardiopulmonary exercise testing was performed using an electronically braked cycle 

ergometer in the upright position as previously described in detail.3,22,23 The initial output 

was set at 12.5W, increased to 25W for 3 minutes, and increased by 25W increments every 3 

minutes thereafter.3,22 Expired gases were analyzed continuously during exercise using the 

MedGraphics CPX metabolic system (Medical Graphics Corp., St. Paul, Minn) and averaged 

>15-second intervals. Peak values were defined as the highest value obtained during the final 

30 seconds of the test. Six-minute walk distance test was assessed according to Guyatt.26
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Left Ventricular Structure and Function

Cardiac magnetic resonance imaging (MRI) scans were obtained on heart failure with 

preserved ejection fraction patients and healthy controls using a whole body imaging system 

(1.5T Siemens Avanto scanner; Siemens Medical Solutions USA, Malvern, Pa) with a 

phased-array cardiac surface coil on the chest, as previously described.22,23 Left ventricular 

mass, stroke volume, and ejection fraction were calculated using Simpson’s rule formula. 

Doppler echocardiography was performed in the supine position using a Sonos 5500 

ultrasound system (Phillips Ultrasound, Andover, Mass) with a multiple frequency 

transducer, and analyzed as previously described.3,10,22,23

Neurohormones

B-type natriuretic peptide was measured from stored plasma using a commercially available 

radioimmunoassay (Phoenix Pharmaceuticals, Mountain View, Calif) as previously 

described.3,22,23,27

Statistical Analyses

The primary outcome was the relationships of season-adjusted plasma 25(OH)D with peak 

VO2 (mL/kg/min) and 6-minute walk distance; relationships with other measures of physical 

function and left ventricular function were secondary outcomes. Comparisons between heart 

failure with preserved ejection fraction patients and healthy controls were made by 

independent samples t tests for continuous measures and chi-squared tests for categorical 

measures. For this comparison, plasma 25(OH)D was natural log-transformed because the 

25(OH)D distribution of healthy controls and heart failure with preserved ejection fraction 

patients combined was skewed. A natural log transformation was also applied to B-type 

natriuretic peptide. Univariate and multivariate general linear models were used to evaluate 

the association of 25(OH)D with exercise capacity in heart failure with preserved ejection 

fraction patients and healthy controls separately. Multivariate models were adjusted for age, 

sex, race, body mass index (BMI), and season of blood draw. In accord with precedent for 

reporting vitamin D data, the unadjusted and adjusted unstandardized beta coefficients and 

standard errors are presented, indicating the estimated change in outcome per ng/mL 

increment in 25(OH)D. Based on the results of this analysis, we subsequently analyzed the 

association between plasma 25(OH)D and ventricular function in heart failure with 

preserved ejection fraction patients using a similar approach. To examine if the association 

of 25(OH)D with exercise capacity and ventricular function was nonlinear, we fit a quadratic 

term (25[OH]D × 25[OH] D) into the multivariate regression models, but none were 

significant (all quadratic term P > .14). Of the 116 heart failure with preserved ejection 

fraction patients with plasma 25(OH)D measures, 4 were missing data on exercise 

performance, leaving 112 available for the analyses of exercise tolerance. Ninety-seven of 

these 112 heart failure with preserved ejection fraction patients had usable MRI measures, so 

were included in the analyses of left ventricular structure and function. All analyses were 

carried out using SAS v.9.3 (SAS Institute, Cary, NC), and outcomes were assessed at the 

5% 2-sided level of significance.
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RESULTS

Participant characteristics are shown in Table 1. HFpEF patients were consistent with those 

reported in population-based studies, including predominately older women with history of 

systolic hypertension and overweight/obesity.28

Vitamin D Status

The distributions of vitamin D status in heart failure with preserved ejection fraction patients 

and healthy controls are shown in Figure 1. Among heart failure with preserved ejection 

fraction patients, 91% had insufficient plasma 25(OH)D (defined as <20 ng/mL29) vs only 

68% of healthy controls. No heart failure with preserved ejection fraction patients had 

plasma 25(OH)D >30 ng/mL compared with 16% of healthy controls. Because no healthy 

controls were recruited in the summer or fall, we also evaluated the prevalence of vitamin D 

insufficiency in heart failure with preserved ejection fraction patients whose 25(OH)D was 

measured in the winter or spring (n = 68) and found 93% had insufficient plasma 25(OH)D 

(40% <10 ng/mL 25[OH]D and 53% 10–<20 ng/mL 25[OH]D). When (ln)25(OH)D was 

compared as a continuous measure and adjusted for age, sex, race, BMI, and season, heart 

failure with preserved ejection fraction patients had significantly lower 25(OH) D than 

healthy controls (adjusted geometric least-square mean ± SEM = 11.4 ± 0.6 ng/mL vs 19.1 

± 2.1 ng/mL, P < .001). We also conducted a sensitivity analysis comparing the 

(ln)25(OH)D concentrations between healthy controls and the heart failure with preserved 

ejection fraction patients only measured in the winter or spring. Heart failure with preserved 

ejection fraction patients had significantly lower plasma 25(OH)D compared with healthy 

controls in winter and spring (adjusted geometric least-square mean ± SEM 25(OH) D = 

10.0 ± 0.7 ng/mL vs 16.3 ± 1.7 ng/mL; P < .001).

Vitamin D Status and Exercise Capacity

In heart failure with preserved ejection fraction patients, but not in healthy controls, plasma 

25(OH)D was positively correlated with peak VO2 (mL/kg/min) and 6-minute walk distance 

(Figure 2). In heart failure with preserved ejection fraction patients, plasma 25(OH)D was 

positively associated with 6-minute walk distance, peak exercise workload, and exercise 

time, including after adjustment for age, sex, race, season, and BMI (Table 2). The results of 

our adjusted models of heart failure with preserved ejection fraction patients suggest that a 

1-ng/mL increment in plasma 25(OH)D was associated with a 4.8-m increment in 6-minute 

walk distance and with a 0.11-mL/kg/min increment in peak VO2.

Vitamin D Status and Left Ventricular Structure/Function

Usable measures were noted in 97 of the 112 heart failure with preserved ejection fraction 

patients, and therefore these patients were included in the analysis of left ventricular 

structure and function. In these patients, plasma 25(OH) D was not significantly associated 

with any measure of ventricular function, including ejection fraction, following adjustment 

for age, sex, race, BMI, and season (Table 3).

Pandey et al. Page 5

Am J Med. Author manuscript; available in PMC 2019 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



DISCUSSION

We observed several important findings in this study. First, in this cohort of patients with 

chronic stable heart failure with preserved ejection fraction, >90% of patients had 25(OH)D 

concentrations <20 ng/mL, and no heart failure with preserved ejection fraction patients had 

25(OH)D concentrations >30 ng/mL. Second, lower 25(OH)D concentrations were 

associated with reduced exercise capacity, measured as peak VO2 and the 6-minute walk 

distance, in heart failure with preserved ejection fraction patients but not in healthy controls. 

Finally, vitamin D status was not associated with measures of resting left ventricular 

function in our heart failure with preserved ejection fraction patients. Taken together, these 

findings suggest that low 25(OH)D concentrations may play a role in exercise intolerance 

among patients with heart failure with preserved ejection fraction through mechanisms that 

may be independent of cardiac structure and function, such as skeletal muscle function.

Multiple lines of evidence suggest that vitamin D significantly influences skeletal muscle 

strength and function, including the distribution pattern of vitamin D receptors in skeletal 

muscle and the fact that vitamin D metabolites affect muscle metabolism through both 

genomic and nongenomic pathways to influence calcium uptake; phosphate transport across 

the cell membrane; phospholipid metabolism; initiation of myogenesis and muscle cell 

proliferation, differentiation and apoptosis; and mitochondrial function.16,17,30,31 

Furthermore, the results of 2 meta-analyses of randomized trials that tested the effect of 

vitamin D supplementation on muscle strength and function suggested a beneficial effect in 

older adults with lower vitamin D status.16,17 Furthermore, several studies also have 

demonstrated significant positive associations between 25(OH)D concentrations and peak 

exercise VO2, an objective measure of cardiorespiratory fitness.32 Among patients with 

established heart failure with reduced ejection fraction, several observational studies have 

demonstrated a significant association between vitamin D deficiency and low exercise 

capacity. In a recent study of 200 patients with heart failure with reduced ejection fraction, 

patients with 25(OH)D concentrations <10 ng/mL had significantly lower peak VO2, with a 

significant positive correlation between the 2 (r = 0.16, P = .008).33 Similarly, Boxer et al34 

reported a positive association between 25(OH)D and 6-minute walk distance and peak VO2 

in heart failure with reduced ejection fraction patients. Consistent with these observations in 

heart failure with reduced ejection fraction, our study findings demonstrated a significant 

positive association between 25(OH)D concentrations and multiple measures of exercise 

performance in heart failure with preserved ejection fraction patients.

Several mechanisms may underlie the observed association between 25(OH)D 

concentrations and exercise capacity among heart failure with preserved ejection fraction 

patients. First, it is plausible that patients with heart failure with preserved ejection fraction 

that have higher 25(OH)D concentrations are more physically active and spend more of their 

leisure time engaging in outdoor activities. Second, the observed association between 

25(OH)D concentrations and exercise capacity may be related to its direct favorable effect 

on peripheral skeletal muscle function. Vitamin D deficiency has been associated with fatty 

infiltration and fibrosis of muscle fibers, particularly type II muscle fibers.1 This may lead to 

muscle fiber atrophy, slow muscle contraction, and delayed relaxation, and contribute to 

suboptimal exercise performance.35 This is particularly relevant in heart failure with 
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preserved ejection fraction where impaired peripheral skeletal muscle efficiency contributes 

significantly to exercise intolerance.4,5 Finally, higher 25 (OH)D concentrations may also be 

a surrogate marker of better nutritional status and less frailty, particularly among older 

patients with heart failure with preserved ejection fraction.

Although findings from our study and others suggest that vitamin D deficiency is associated 

with poor exercise tolerance, the efficacy of vitamin D supplementation in improving 

outcomes among patients with heart failure is not well established. In the recent EVITA 

(Effect of VItamin D on all-cause morTAlity in heart failure) trial, vitamin D 

supplementation among 400 patients with both heart failure with reduced ejection fraction 

and vitamin D deficiency was not associated with lower risk of mortality.36 However, there 

was a trend toward higher readmission rates and significantly higher rates of mechanical 

circulatory support in the vitamin D treatment arm. Prior small-scale randomized controlled 

trials have also failed to demonstrate a significant improvement in exercise capacity and 

physical function. Witham et al37 tested the effect of 100,000 IU vitamin D taken twice over 

20 weeks (at baseline and 10 weeks) on physical function in a randomized controlled trial of 

vitamin D-deficient older adults with chronic heart failure with reduced ejection fraction but 

found no significant effect of vitamin D on any outcomes. Boxer et al34 also did not observe 

a significant improvement in exercise capacity with vitamin D supplementation in a 

randomized controlled trial of weekly vitamin D supplementation for 6 months among 64 

patients with heart failure with reduced ejection fraction. More recently, in the VINDICATE 

(VitamIN D treating patIents with Chronic heArT failurE) trial, 1 year of vitamin D 

supplementation among heart failure with reduced ejection fraction patients with vitamin D 

deficiency was not associated with improved 6-minute walk distance.38 However, the 

authors did observe a significant improvement in cardiac function and reverse left 

ventricular remodeling with vitamin D supplementation.38

However, the effect of vitamin D supplementation on improving exercise capacity, left 

ventricular structure and function, and clinical outcomes has not been evaluated in patients 

with heart failure with preserved ejection fraction. Because the pathology and clinical 

characteristics of heart failure with preserved ejection fraction and heart failure with reduced 

ejection fraction differ, it is plausible that the therapeutic approaches for the 2 forms of heart 

failure may also differ.3 We and others have recently shown that exercise intolerance in heart 

failure with preserved ejection fraction is partially attributable to peripheral factors, such as 

arterial or skeletal muscle function, so treatments targeting muscle function may be more 

relevant to patients with heart failure with preserved ejection fraction than heart failure with 

reduced ejection fraction.4–8 In addition, heart failure with preserved ejection fraction is 

more prevalent in older age groups (≥70 years); in women; in hypertensives; and in 

sedentary, obese individuals, groups who are also more likely to have lower vitamin D 

status.39

We did not observe a significant association between 25(OH)D concentrations and measures 

of cardiac structure and function in the heart failure with preserved ejection fraction patients. 

This is consistent with findings from some studies among older community-dwelling adults 

free of CVD.15,40 In contrast, others have demonstrated that lower 25(OH)D concentrations 

are associated with higher prevalence of adverse left ventricular remodeling in older adults 
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with and without CVD.18,41 These discrepant findings may be related to the differences in 

cohort characteristics as well as diverse effects of vitamin D on the cardiovascular system. 

Among randomized controlled trials evaluating the efficacy of vitamin D supplementation in 

patients with heart failure with reduced ejection fraction, some studies have demonstrated a 

significant improvement in cardiac structure and function with vitamin D 

supplementation38,42 while others have not.43

Our results indicate that heart failure with preserved ejection fraction patients represent a 

group with significant vitamin D insufficiency.29 The prevalence we found is in agreement 

with earlier studies of heart failure patients reporting that >90% had 25(OH)D <30 ng/mL.
18,20 However, none of these studies differentiated between heart failure with preserved 

ejection fraction and heart failure with reduced ejection fraction. About 60% of the healthy 

age-matched controls had 25(OH)D <20 ng/mL. This proportion is higher than typically 

seen in healthy older adults.44 However, this is likely owing to all healthy controls being 

assessed in the winter and spring, when circulating 25(OH) D concentrations are generally 

lower. We adjusted all analyses for season, so the associations we found are independent of 

any seasonal differences.

Limitations

The cross-sectional design does not allow us to prove a causal link between 25(OH)D and 

exercise capacity. We lack measures of some key factors that influence 25(OH)D 

concentrations, including sun exposure, dietary intake, or supplement use. Whatever the 

cause, heart failure with preserved ejection fraction patients appear to be at significantly 

higher risk for vitamin D insufficiency and deficiency, and this is associated with the 

exercise intolerance. Left ventricular function was measured only at rest; there may be 

relationships between vitamin D and exercise left ventricular function.

Impact

Because most medication trials to date aimed at improving clinical outcomes and exercise 

capacity in heart failure with preserved ejection fraction have been negative,1 there is a need 

for considering novel, nonpharmacological approaches. Indeed, recent studies have 

demonstrated that other dietary strategies, including caloric restriction weight loss, were 

effective in improving exercise capacity in heart failure with preserved ejection fraction and 

appeared to do so via noncardiac mechanisms.27 Another study suggested that a sodium-

restricted diet improved diastolic function and ventricular-arterial coupling in heart failure 

with preserved ejection fraction.45 These recent encouraging successes further support the 

potential for a future trial to determine if vitamin D supplementation may be effective in 

improving physical function, quality of life, and clinical outcomes in this important patient 

population. The data in the present study provide valuable information for designing such a 

trial.

CONCLUSIONS

More than 90% of older heart failure with preserved ejection fraction patients have vitamin 

D insufficiency, and this may contribute to their severely reduced exercise tolerance and 
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worse physical function. These data provide the rationale and preliminary data to support an 

adequately powered, randomized controlled trial to determine if vitamin D supplementation 

can improve exercise intolerance and other clinically meaningful outcomes in heart failure 

with preserved ejection fraction, particularly in those with vitamin D insufficiency.
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CLINICAL SIGNIFICANCE

• More than 90% of patients with heart failure with preserved ejection fraction 

had vitamin D insufficiency, and 30% had frank deficiency.

• In patients with heart failure with preserved ejection fraction, lower plasma 

25-hydroxyvitamin D (25[OH]D) was associated with worse exercise 

intolerance, measured objectively as peak oxygen consumption and 6-minute 

walk distance. However, plasma 25 (OH)D was not associated with left 

ventricular structure or function.
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Figure 1. 
Distribution of plasma 25(OH)D in heart failure with preserved ejection fraction patients (n 

=112) and healthy controls (n = 37). Grayscale bar graphs divided into 4 concentrations: <10 

ng/mL, 10 to <20 ng/mL, 20 to <30 ng/mL, and ≥30 ng/mL. All heart failure with preserved 

ejection fraction patients had 25(OH)D concentrations <30 ng/mL, indicating insufficiency, 

and about 30% had 25(OH)D concentrations <10 ng/mL, indicating frank deficiency.
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Figure 2. 
Regression plots for plasma 25(OH)D concentrations vs peak VO2 (mL/kg/min) (A) and 6-

minute walk distance (m) (B) for heart failure with preserved ejection fraction patients and 

healthy controls. Season-adjusted Spearman r and P values additionally included for 

reference.
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