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CHAPTER 1:  INTRODUCTION 

 

Aims and Hypotheses 

 

Aim 1:  To determine the mean gait speed and prevalence of mobility impairment 

defined as slow gait speed (<0.8 m/s) in a community-dwelling, hypertensive, 

older adult population enriched for cardiovascular disease risk.   

Hypothesis 1:  The mean gait speed is slower and the prevalence of 

mobility impairment is higher in older, hypertensive persons than in other 

age-matched community-dwelling older adult populations. 

Aim 2:  To determine the cross-sectional association of systolic and diastolic 

blood pressure and gait speed in this population. 

Hypothesis 2:  Higher systolic and diastolic blood pressure 

measurements are associated with slower gait speed, independent of 

covariates 

Aim 3:  To determine the cross-sectional association of pulse pressure and gait 

speed. 

Hypothesis 3:  Higher pulse pressure, as a crude measure of arterial 

stiffness, is associated with slow gait speed, independent of covariates. 
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Background 

 

Hypertension, one of the most common chronic conditions experienced by 

older adults and an important cardiovascular risk factor, affects nearly 65% of the 

population over the age of 65.1  As this age group rises in number, so too will the 

public health burden of hypertension and cardiovascular disease.  For many, 

hypertension does not occur in isolation; 3/4 of U.S. older adults have two or 

more chronic diseases.2  Adults with comorbidities and those of more advanced 

age have historically been underrepresented in large blood pressure trials,3 yet 

this is the fastest growing subset of older adults.  

As it stands, the increasing burden of hypertension and cardiovascular 

disease will be borne by those for whom appropriate blood pressure targets 

remain unclear. The recently published Joint National Commission (JNC8) 

consensus statement suggested age 60 as a cut-point for differentiating blood 

pressure targets in adults, increasing the goal to ≤ 150/90 mm Hg in those ages 

60 and older, and continuing the recommendation for ≤ 140/90 mm Hg in those 

who are younger.4   The establishment of this cut-point is the first 

acknowledgment by the JNC that adults of all ages may not share the same 

blood pressure target, a decision which has been controversial among panel 

members 5 and the medical and scientific communities at large.   

It is intuitive that treatment outcomes may vary across the older age 

spectrum, but little evidence exists to guide management decisions for those who 

may be frail, complex, or subject to competing outcomes.  The few clinical trials 
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of hypertension treatment in the elderly had upper age limits or did not present 

age-specific results.6  While the Hypertension in the Very Elderly Trial (HYVET) 

found that blood pressure less than 150/80 mmHg was associated with reduced 

heart failure and stroke-related and all-cause mortality in persons older than 80 

years,7 a recent meta-analysis found no mortality benefit of treating hypertension 

in persons of this age.8   It is not debated that hypertension treatment has 

succeeded in lowering the risk of important outcomes.   What is not clear, 

however, is whether clinical trial results can be generalized to individual 

members of a heterogeneous and complex population.  

Insufficient evidence highlights the need to better characterize 

hypertensive older adults with regard to risk for cardiovascular outcomes.  While 

chronologic age is an important predictor, it does not capture the significant 

variability in health and function among older adults.  It is unclear if the 

association between hypertension and cardiovascular events is consistent for 

older adults with varying degrees of physical and cognitive function and 

comorbidities.  Moreover, important hypertension outcomes are not limited to 

cardiovascular-related events and mortality.6;9   There is observational evidence 

that higher blood pressure, particularly in the oldest old, is associated with better 

outcomes in muscle strength,10 renal function,11 cognition,12-14 and physical  

function.14   Competing outcomes are likely to occur with advancing age, and 

such evidence suggests that blood pressure targets in older adults could 

potentially be individualized based on personal health care priorities.   
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Gait speed as a measure of functional ability 

Older adults are increasingly being classified by physical functional ability, 

a measure which more accurately approximates an individual’s physiologic 

reserve and resilience than chronologic age.  Functional ability conceptually 

represents the ability of an individual to independently undertake normal 

everyday activities, the loss of which is a critical issue for our rapidly aging 

population.  Most aging-associated disability results from either physical or 

cognitive decline and is rarely associated with a single disease process, such as 

stroke.  Rather, the incremental functional decline of aging is most often 

multifactorial.   Functional ability has been operationalized by a number of 

mobility measures, both self-reported and performance-based.   Among them, 

gait speed has become the most commonly used lower extremity performance 

test as a result of its simplicity and reliability in functional capacity evaluation, 15 

earning the designation by some as “the 6th vital sign”.16 The ability to walk 

requires the integration of multiple systems including central and peripheral 

neural pathways, cognition, musculoskeletal function, cardiopulmonary and 

circulatory systems, and energy utilization.  Slight perturbations in the optimal 

function of a single system can result in a change in gait, and even small 

declines in speed come at a cost.  While perhaps not evident to the casual 

observer, a slowing of as little as 0.10 m/s in usual gait speed is considered a 

substantial meaningful change 17-19 beyond the bounds of measurement error.20  

This decrement is associated not only with self-reported limitations in mobility, 

toileting, and dressing,21 but with a 12% higher five-year mortality risk.22  As an 
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aggregate measure of vitality and physical function, gait speed has recently 

emerged as a powerful predictor of numerous important outcomes including 

disability,23-25 hospitalization,23 stroke,26  and cardiovascular 27 and all-cause  

mortality.22;24;28  Consequently, gait speed is increasingly recognized as both an 

important clinical measure 15;29;30 and a relevant outcome for clinical trials 

research.31;15 

Gait speed is typically measured at usual/comfortable walking pace from a 

standing start over a distance of 4-10 m.32  It tends to decline with age and with 

chronic disease, although the reasons are not well understood.  Stroke, 

Parkinson’s disease, and dementia are familiar causes of walking difficulty, as 

are symptoms such as joint pain and shortness of breath.  Like other geriatric 

syndromes, slowing is rarely due to a single disease or condition and often 

occurs in the absence of overt clinical illness, possibly due to changes in body 

composition and declines in muscle mass, strength and aerobic capacity. The 

development of mobility impairment, defined as slow gait speed, appears to be a 

final common pathway of declining function reflecting damage and loss of 

integration across multiple systems.   

 “Preferred”, or usual gait speed, is the velocity at which energy 

expenditure is minimized per unit distance.  The means reported in the literature 

are highly variable across studies, depending on the population studied and the 

method by which gait speed was measured (some studies use a dynamic start to 

allow for acceleration).   In a meta-analysis of 41 studies comprising 23,111 

individuals using a dynamic start, healthy women and men ages 70-79 years are 
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reported to walk on average 1.13 m/s and 1.26 m/s, respectively.  Slower gait is 

noted for women and men ages 80-99, on average 0.94 m/s and 0.97 m/s, 

respectively.33   A more recent meta-analysis by Roush and colleagues 34 

provides normative reference values for usual gait speed for community-living 

men and women ages 70-79.  The mean gait speed of 6359 men ages 70-79 

years collected from 22 studies was 1.17 (0.19) m/s, and for 12,393 women from 

33 studies the mean gait speed was 1.05 (0.21) m/s.  This meta-analysis 

included studies using dynamic and static starts for gait speed assessment.  As 

would be expected, gait speed assessed in clinical studies is slower than that 

reported in the community.29   

Gait speed has been used to identify categories of functional mobility; 

persons walking slower than 0.4 m/s are likely limited to household ambulation, 

those walking 0.4-0.8 m/s are capable of limited community ambulation, and 

those walking faster than 0.8 m/s are capable of full community ambulation.35  A 

practical application of gait speed is the 1.07 m/s pace required to cross the 

street at a standard crosswalk signal as recommended by the 2009 U.S. Manual 

on Uniform Traffic Control Devices.  

As a predictive measure, gait speed has a graded relationship with risk for 

various adverse outcomes, and clear descriptive and predictive cut-points have 

not been established.  In the Health, Aging and Body Composition (HABC) 

Study, speeds below 0.6 m/s were associated with marked functional 

impairment, and <1.0 m/s identified individuals at high risk for important health 

related outcomes including persistent mobility difficulty, hospitalization, and 
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death.23  A recent study of community-dwelling Spaniards ages 75 and older 

found that those walking slower than 0.8 m/s were at high risk of frailty and those 

walking faster than 0.9 m/s excluded those with frailty.36   

While slower gait speed is predictive of poor outcomes, higher gait speeds 

and improvements in gait speed are predictive of higher levels of function and 

improved survival.  Schmid and colleagues demonstrated that stroke survivors, 

who completed rehabilitation program and successfully transitioned from a 

slower to a higher gait speed category, enjoyed significantly better scores in 

measures of function and quality of life.35  Compared with improvement in other 

physical performance measures, only gait speed has emerged as a predictor of 

survival benefit.37 

Slow gait is an early warning sign of declining function.  If unchecked, this 

decline often leads to a significantly impaired ability to thrive within an individual’s 

environment.  It is estimated that by 2040, 15.4 million older adults will be unable 

to walk two to three blocks, potentially generating $42 billion in additional health 

care costs.38  An understanding of how common chronic diseases such as 

hypertension affect mobility in older adults is important in determining whether 

the presence or severity of the disease is a risk factor on the pathway to 

disability, an outcome with serious implications for health at both the individual 

and public level. 
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Blood pressure and gait speed 

Hypertension and mobility impairment both increase in prevalence with 

advancing age.  Several studies have investigated the association of blood 

pressure and physical function in older adults,12;13;26;39-41 but only two have 

specifically examined the cross-sectional relationship between blood pressure 

and gait speed. 42;43  

In a cross-sectional study of 4263 community-living French adults ages 

65-85 years, Dumurgier found that hypertensive participants (systolic blood 

pressure  ≥ 140) had a significantly slower mean gait speed (mean [SD]) 

measured from dynamic start (1.51 [0.31] m/s) than did those with systolic blood 

pressure < 140 (1.59 [0.31] m/s ; p<0.001).42  A significant association between 

the number of antihypertensive medications and gait speed was noted, which 

persisted after adjusting for a number of covariates including cardiovascular 

disease and peripheral artery disease.  

In contrast, Welmer studied 2,725 independent and institutionalized 

Swedish men and women ages 60 and older, about 20% of whom walked slower 

than 0.8 m/s.  A blood pressure less than 120/80, but not higher blood pressure 

of 140-159/90-99 or ≥ 160/100, nearly doubled the odds of slow gait (OR [95% 

CI] 1.98 [1.10-3.58]) compared to blood pressure 120-139/80-89.43   A significant 

dose-response in the likelihood of slow gait was seen with an increasing number 

of cardiovascular risk factors, irrespective of blood pressure, suggesting that 

hypertension alone is insufficient, but in aggregate with other CVD risk factors 

such as diabetes, elevated cholesterol, elevated C reactive protein (CRP), 
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obesity, and smoking, may contribute to an increased risk. Compared to subjects 

with no risk factors, those with two or more had more than triple the odds of slow 

gait (OR [95% CI]) 3.40 [2.23-5.18]); this was apparent only in subjects less than 

80 years old, suggesting that age may interact with the association of vascular 

risk factors and gait speed.  

Prospective studies suggest that higher baseline blood pressure predicts a 

faster decline in gait speed,42;44 and that the association between hypertension 

and mortality is modified by gait speed.45;46 The Three City Study measured gait 

speed using dynamic start at baseline and at follow-up (mean of 7 years) in 

1,774 participants ages 65-85 years.  At baseline, mean walking speed (mean 

[SD]) was lower in hypertensive individuals (blood pressure ≥140/90 or taking 

antihypertensive medication; 1.51 [0.31]) than in those who were normotensive 

(1.59 [0.30], p=0.004).42  Hypertensive participants at baseline had a higher 

mean annual decline in walking speed in cm/s per year from baseline (2.3 [3.4]) 

than did normotensive individuals (1.87 [3.3], p<0.01).  Similar results were found 

in an analysis of the Cardiovascular Health Study (CHS) which examined 643 

non-disabled individuals of average age of 75 years whose blood pressure and 

gait speed were measured at baseline and over 18 years of follow up.  

Hypertension (≥140/90) at baseline was associated with a faster rate of decline in 

gait speed than was normal blood pressure, independent of a number of 

covariates, including cardiovascular disease, incident stroke, cognition, and 

muscle strength.47   
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Epidemiologic evidence suggests an attenuated or inverse association 

between blood pressure and mortality with advancing age,48 particularly in the 

oldest old,49 and gait speed has been proposed as a potential discriminating 

measure of this phenomenon.  Odden and colleagues hypothesized that gait 

speed may help identify older individuals who are at highest risk of 

cardiovascular events and who may be most likely to benefit from hypertension 

management.  They examined the association of blood pressure and mortality 

according to categories of gait speed in a study of 2,340 persons 65 years and 

older enrolled in the National Health and Nutrition Examination Survey 

(NHANES).  Faster walkers (≥ 0.8 m/s) with systolic hypertension (≥140) had a 

greater adjusted risk of mortality compared to those without systolic hypertension 

(HR [95% CI]) 1.35 [1.03-1.77]).  Among slower walkers (<0.8 m/s), neither 

systolic nor diastolic (≥90) hypertension was associated with mortality.45  Similar 

results were found in earlier small studies of Latino 50 and Italian older adults.46  

While the interpretation of these studies is controversial,51;52 the results suggest 

that the slower and perhaps frailer hypertensive individuals, those who are often 

excluded from clinical trials, are the very adults for whom the association 

between blood pressure and outcomes such as mortality may differ.  It is 

hypothesized that in older frail adults, blood pressures that are higher than what 

is considered normal may be necessary to maintain vital perfusion.53  Such 

findings underscore the need to better understand not only how hypertension and 

other chronic diseases affect mobility, but how mobility impairment may modify 

the risk of mortality traditionally associated with these chronic diseases.   
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Proposed mechanisms linking blood pressure and gait speed 

Hypertension and gait speed are related in complex ways, conceptualized 

graphically in Figure 1.  While the proposed study identifies hypertension as the 

independent variable, it is possible that the association with gait speed may be 

bidirectional through a number of mechanisms and associated conditions. For 

example, the low physical activity resulting from slow gait speed may contribute 

to weight gain and be associated with unhealthy behaviors such as alcohol 
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consumption and smoking, which are known risk factors for hypertension.  

Arthritis is an example of a chronic condition which is bi-directionally related to 

both blood pressure and gait speed; the pain and stiffness of arthritis contributes 

to slow gait, which in turn may lead to a compensatory decline in physical activity 

and worsening of pain, which either directly (or indirectly through use of non-

steroidal anti-inflammatory medications) can cause a rise in blood pressure. 

Because functional measures such as gait speed are composites of 

several integrated systems, the identification of a single mechanistic pathway 

accounting for more than a small proportion of risk is unlikely.  Among the 

leading mechanisms relating blood pressure to functional measures such as gait 

speed are central and peripheral perfusion and chronic inflammation. 

Perfusion 

The biologic plausibility of an association of blood pressure and gait speed 

is supported by age-related changes in arterial structure and function contributing 

to vascular stiffness, the primary determinant of hypertension.54  These changes 

occur in both the central and peripheral circulation, which could have an effect on 

the function of many systems engaged in walking, including the brain and 

skeletal muscle.  

 Both the systolic and diastolic components of blood pressure gradually 

increase through adulthood until the 7th decade, after which the systolic pressure 

continues to increase, whereas the diastolic pressure either remains constant or 

decreases.  The decline of diastolic blood pressure in older adults reflects the 
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blunted ability of the stiffer aorta and other capacitance arteries to buffer the 

pulse wave of systole. The resulting widening pulse pressure typical of 

hypertension in older age results in greater pulsatile stress on the arterial system 

and ultimately the heart. Pulse pressure is therefore used as a crude estimate of 

large artery stiffness and wave reflections.55   A more accurate measure is aortic 

pulse wave velocity (aPWV), measured by simultaneous Doppler ultrasound of 

the carotid and femoral pulse waveforms. 

The association of vascular (arterial) stiffness and physical function has 

been examined using outcomes of gait speed 56 57 58 59 and self-reported physical 

function scales.57  Watson and colleagues compared the association of aPWV 

and 20 m gait speed in older adults with and without prevalent peripheral arterial 

disease in the Health, Aging and Body Composition (Health ABC) Study.  Among 

2,172 well-functioning adults ages 70-79 years with baseline mean (mean [SD]) 

gait speed of 1.34 [0.25] m/s followed over 8 years, each standard deviation 

higher aPWV was significantly associated with 0.03 m/s slower gait speed 

(p<0.01) in those with peripheral vascular disease after adjusting for 

cardiovascular risk factors.  In those without peripheral vascular disease, 

however, the association did not persist after adjustment.   There was no 

association between pulse pressure, an estimate of vascular stiffness, and gait 

speed in this study.56 

The association of arterial stiffness and blood pressure with gait speed 

and with physical function  scores was examined in the Whitehall II Study, 

comprising 5,392 well-functioning British women and men ages 55-78 years 
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whose aPWV, blood pressure, 2.4 m gait speed, and physical function self-report 

scales were assessed cross-sectionally.  Each standard deviation higher arterial 

stiffness was associated with lower adjusted mean [95% CI] walking speed (-0.96 

[-1.29 to -0.64] m/s) and physical component summary score (0.91 [-1.21 to -

0.60]).57  In contrast to the findings in adults without peripheral artery disease in 

the Health ABC Study, this association remained significant after adjusting for 

many covariates, including age, demographics, pulse pressure, mean arterial 

pressure, heart rate, antihypertensive treatment and chronic disease (<5% heart 

disease).  Pulse pressure was again not independently associated with gait 

speed. 

In the above studies, pulse pressure was not associated with gait speed 

assessed over short courses.  Positive results, however, have been found when 

examining gait speed over longer distances, suggesting that short courses may 

lack the sensitivity of early changes in gait speed, or may task different 

hemodynamic functions.  Heffernan and colleagues found an association 

between pulse pressure and 400 m gait speed, but not 4 m gait speed, in 382 

community-dwelling adults ages 70-89 at risk for mobility impairment without a 

history of stroke or heart failure who were enrolled in the Lifestyle Interventions 

and Independence for Elders Pilot (LIFE-P) study.58  Hypertension prevalence in 

this cohort was 68%, with mean SBP 133 mmHg.  Those in the highest tertile of 

pulse pressure had significantly slower gait speed than those in the lowest tertile 

(p<0.05).  Pulse pressure, but not mean arterial pressure, systolic blood pressure 
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or diastolic blood pressure, was independently associated with 400 m gait speed 

(p<.05).    

 Arterial stiffness as measured by pulse wave velocity is an independent 

predictor of sarcopenia in older adults, suggesting another mechanism by which 

gait speed might be associated with the pulsatile component of blood pressure.  

This was shown prospectively in the Health ABC study cohort over 6 years of 

follow-up, during which aPWV was assessed as a determinant of skeletal muscle 

mass.  APWV was independently associated with the sarcopenic index (β= -

1.043; p= .0065) and lean mass of arms (β= -0.0985; p= 0.0011]) and legs      

(β= -0.2196; p= 0.0002) in black and white men.60    No association of aPWV with 

arm lean mass was found in women.  An association with sarcopenic index     

(β= -0.1091; p=0.0192) and leg lean mass (β= -0.1608; p=0.0027) was found in 

white but not black women.  

Hypertension may also lead to gait slowing through effects on the 

microcirculation of the central nervous system, which in turn may lead to 

perturbations in motor and/or cognitive networks.  The regions of the brain known 

to be associated with mobility are particularly vulnerable to changes in perfusion 

and oxygenation due to their location in watershed areas.61  Hypertension is 

associated with cerebral microvascular disease, of which white matter 

hyperintensities (WMH) on brain imaging are a marker.  Baezner and   

colleagues investigated whether WMH is associated with gait speed and other 

physical and cognitive measures in the Leukoaraiosis and Disability (LADIS) 

Study of 639 nondisabled older adults age 65-84 years.   The burden of white 
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matter lesions on brain MRI was quantified and categorized as mild, moderate, or 

severe, and was associated cross-sectionally in a dose dependent fashion with 

gait speed.   Those in the severe WMH burden group had nearly twice the odds 

(OR [95% CI] =1.72 [1.11-2.66]) of being in the slow gait speed group (<1.2 m/s) 

compared to those in the mild WHM burden group.62 

To determine whether white matter lesions were associated longitudinally 

with mobility, mood, and cognition, and if these lesions were mediated by 

hypertension, Hajjar and colleagues examined 4,700 adults ages ≥ 65 years in 

the Cardiovascular Health Study (CHS).  Latent profile analysis was used at 

baseline to identify groups defined by degree of impairment in 4.6 m gait speed, 

Digit Symbol Substitution Test (DSST), and Centers for Epidemiologic Studies-

Depression scale (CES-D).  Compared to controls, who represented the highest 

performing group in each area (gait speed; CES-D; DSST), the impaired group 

(mean gait speed [SD] =<0.6 [0.2]; CES-D=10.7 [- 1.6]; DSST Z score= -1.15 [-

0.71]) had a higher prevalence of hypertension (75% vs. 64%; p<0.0001) and 

higher systolic blood pressure (SBP 138 vs. 135.5 mmHg; p<0.021).  They also 

had a higher prevalence of cardiovascular conditions and chronic disease.  Being 

hypertensive increased the risk of becoming impaired (HR [95%CI] =1.55 [1.22-

1.98]; p=0.0003), which remained significant after adjusting for a number of 

covariates.  At baseline, those in the impaired group had a higher burden of 

WMH (mean [SD] = (2.68 [1.6]) compared to those in the control group (2.08 

[1.3]), which was also associated with a higher risk of developing impaired gait 

(HR [95% CI] 1.09 [1.0-1.16]; p=0.0007).  When WMH was added as a covariate 
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to the HTN model predicting impairment, the association was no longer 

significant (HR [95% CI] =1.2 [0.91-1.16]).  However, when hypertension was 

added as a covariate to the WMH model predicting impairment, the association 

remained significant (HR [95% CI] =1.08 [1-1.16]; p=0.04), leading the authors to 

hypothesize that WMH may mediate the association between hypertension and a 

triad of impairments including slow gait, worsened cognition and more depressed 

mood.63 

Arteriolosclerosis, of which hypertension is a major determinant,  is the 

age-associated pathologic remodeling of the deep penetrating small vessels of 

the brain characterized by intimal damage, smooth muscle degradation, 

thickening of arteriolar walls, and luminal narrowing.  Arteriolosclerosis and 

cerebral amyloid angiopathy are thought to contribute to WMH, and to 

microinfarctions .64    

Clinical-autopsy studies have increased our understanding of how 

microvascular damage in the brain may associate with blood pressure and with 

mobility impairment.   While no histologic study thus far has examined both blood 

pressure and mobility variables in relation to cerebral vasculopathy, they have 

been investigated independently.  Wang and colleagues  examined 250 post-

mortem brains from cognitively healthy individuals age ≥ 65 years at baseline 

(age 65-80, n= 137; age > 80, n=91) who were enrolled in the Adult Changes in 

Thought study to determine which type of brain pathology associated most 

strongly with blood pressure measured an average of 7.7 years before death.  

Cerebrovascular and neurodegenerative pathological measures were chosen 



18 
 

based on their previously identified relationship with dementia 65 and included 

presence of ≥ 1 macroscopic infarct, > 2 microinfarcts, neuritic plaques scores B 

and C (most likely to contribute to Alzheimer’s disease), neurofibrillary tangles, 

and ≥ 1 Lewy bodies.   Higher SBP was associated with a higher occurrence of 

cerebral microinfarcts in participants of both younger (65-80 yrs; β [95% CI] 11.5 

[1.7-21.3]) and older (> 80 yrs; β [95% CI] 3.7 [9.5–16.8]) age at enrollment, but 

was not associated with the other pathological measures.  The relative risk for 

more than two microinfarcts with each 10 mmHg increase in SBP was 1.15 [95% 

CI1.00-1.33] in all younger participants, and 1.48 [95% CI] 1.21-1.81] in younger 

participants who were not taking medication for hypertension.  There was no 

association observed in those being treated for hypertension.   While similar 

results were not observed in the older age, the smaller sample size may have 

contributed to insufficient statistical power.66   

Buchman and colleagues examined the association of histologic brain 

vasculopathy and physical function.  Mobility assessments, including gait speed, 

were assessed annually until death in participants enrolled in the Religious 

Orders Study and the Memory and Aging Project Study, after which gross and 

microscopic examination of brain was performed.  850 individuals were 

evaluated, averaging 88 years of age at death. Roughly two-thirds were women, 

and 60% had a history of hypertension.  Arteriolosclerosis (β [SE]= -0.016 

[0.004]; p<0.001), but not microinfarctions or cerebral amyloid angiopathy, was 

the microvasculopathy associated with gait speed after adjustment for 

cardiovascular risk factors and diseases.67   
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While the above investigations have highlighted structural changes in the 

brain associated with blood pressure and gait, functional changes of the central 

nervous system have been more difficult to study.  Of particular interest is 

neurovascular coupling, the coordinated relationship between neural activity and 

cerebral blood flow.  The “neurovascular unit” ensures that the blood supply in 

areas of the brain activated by various tasks is commensurate with metabolic 

demand.  Disruption to this highly coordinated system is thought to result from 

oxidative stress 68 and is known to be impaired in hypertension.69   

Neurovascular coupling has been shown to be impaired in slow walkers in 

the MOBILIZE Boston Study. Twenty-two slow walkers (<0.67 m/s) and 20 fast 

walkers (≥0.67 m/s) were selected from those within the lowest quartile of 

vasoreactivity identified in the larger group of 765 independent persons aged ≥ 

70 years.   During a continuous working memory task designed to stimulate brain 

activity, the slow walkers had a 2.8 (-0.09 to 6.6) % mean change in middle 

cerebral artery blood flow compared to fast walkers who had an 8.2 (4.7 to 11.8; 

p=0.02) % mean change.  The odds [95% CI] of being a slow walker with a high 

burden of WMH were 6.4 (2.3-91.1; p=0.0004) compared to a slow walker with a 

low burden of WMH.  The odds increased to 14.5 (2.3 - 91.1; p=0.0004), 

however, if neurovascular coupling was also impaired.70  In both the slow and the 

fast groups, neurovascular coupling was higher in those with higher WMH 

burden, an unexpected finding.  
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Inflammation  

Chronic inflammation has been investigated as a pathway by which 

hypertension and mobility may be linked.  Aging is associated with increasing 

levels of inflammatory biomarkers,71 which in turn are linked to chronic conditions 

including hypertension,72 cardiovascular disease,73 and to disability, independent 

of other known risk factors.74   One avenue by which elevated inflammatory 

markers may cause mobility impairment is through the catabolic effects of 

inflammatory markers on muscle leading to sarcopenia.  Inflammation in 

cardiovascular disease plays a central role in the oxidation of lipoproteins and 

activation of plaques,73 and sarcopenia results in part from a redistribution of 

amino acids from skeletal muscle as a result of this catabolic neurohormonal 

state, leading to loss of muscle mass.75   

C-reactive protein (CRP), a biomarker of inflammation, has been 

associated both cross-sectionally and longitudinally with gait speed.  In 1,826 

individuals ages 50 and older in NHANES, high (≥0.2 mg/dL) compared to low 

(<0.2 mg/dL) CRP levels were independently associated with slow gait speed 

(<0.8 m/s) (OR [95% CI] 1.55, [1.08-2.21] p<.02), a relationship that appeared to 

be mediated by 25-dihydroxy vitamin D levels.   Those with high CRP and severe 

vitamin D deficiency (25(OH)D<10mg/mL) had significantly increased odds of 

having slow gait speed compared to those with high CRP and normal vitamin D 

level (≥30ng/mL) (OR [95% CI] 3.66 [1.50-8.94] p=.004).76  Similar results were 

found when high sensitivity HsCRP was investigated at baseline and 2 year 

follow up in a cohort of 624 adults age 70 and older enrolled in the community 
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based Einstein Aging Study.77 In this population with mean gait speed of 0.95 

m/s and without mobility disability (gait speed <0.7 m/s) at baseline, however, 

high HsCRP level (>0.3 mg/dL) predicted an increased risk of incident mobility 

disability only among those without prevalent CVD (HR [95% CI] 5.82 [1.61-

21.08]), but not in those with CVD (HR [95% CI] 1.37 [0.75-2.49]).  HsCRP was 

also associated with accelerated decline in gait speed; each one-unit increase in 

log HsCRP was associated with increased risk of mobility disability among those 

without CVD (HR [95% CI] 1.33, [1.05-1.68]).  There was no increased risk 

among those with CVD, suggesting that the mechanism relating elevation in CRP 

may be non-vascular.   

 Other inflammatory markers have been investigated as well.  In a separate 

study of the Einstein Aging Study cohort, baseline elevated IL-6 but not TNF-α, 

was associated with slower gait speed (β [95% CI] -4.90; [-8.49 to -1.31], 

p=0.008), although this relationship was attenuated and no longer significant in 

the fully adjusted model.  Those in the highest quartile of IL-6 walked significantly 

slower (0.87 m/s) than those in the lowest quartile (0.95 m/s; p< .0001), and had 

a significantly higher prevalence of heart failure and hypertension as well as a 

lower prevalence of medications that affect inflammatory markers.  As in CRP 

above, IL-6 was also associated with accelerated gait speed decline; each one 

unit increase in IL-6 levels was associated with a 0.77 [95% CI] cm/s/year ([-1.44 

to -0.11]; p=0.023) increased rate of decline in gait speed, again becoming non-

significant in the fully adjusted model.78  
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Ferrucci and others in the Women’s Health and Aging Study adjusted for 

changes in knee extensor strength in addition to other covariates in their 

investigation of inflammatory markers and mobility.   Congruent with the studies 

above, women in the highest tertile of IL-6 level were at highest risk of 

developing severe limitation in walking (<0.6 m/s) (RR [95% CI] =1.61 [1.09-

2.38]) and had steeper declines in gait speed (p=.001) than women in the lowest 

tertile, with the risk largely unchanged by age.  A greater decline in knee 

extensor strength was also associated with higher IL-6 levels.  When the above 

association was adjusted for change in knee extensor strength, the results were 

no longer significant.  Although community-dwelling, this cohort of women of 

average age of 78 years had more functional limitations at baseline than the 

populations above.79  Similar results were found in the NHANES cohort; the 

independent association of elevated CRP levels and gait speed (p=0.017) was 

attenuated when controlling for leg power as measured by knee extensor force 

(p=0.148).80  

 Hypertension and mobility may also be linked through oxidative damage, 

as might occur with homocysteine, which is an independent risk factor for 

cardiovascular diseases 81and is known to predict stroke 82 and cerebral white 

matter changes.83  In the NHANES cohort, an inverse association was found 

between homocysteine and gait speed (β [SE] = -0.036 [0.017]; p=.039), 

independent of a number of important covariates.  As with the studies examining 

IL-6 and CRP above, this association was no longer significant when adjusting 

for leg strength (β= -.021[.017]; p=.215),84 suggesting that the association of 
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oxidative stress with gait speed may be mediated through muscle weakness. 

Homocysteine levels have been shown to associate more strongly with small 

vessel than large vessel cerebral disease.85;86  Whether a similar effect is evident 

peripherally is not yet known. 

The prevention of cardiovascular events and mortality will continue to be 

an important health care priority.  As an increasing number of older adults are 

living longer, it is also important to understand how hypertension and its 

treatment affect non-traditional disease outcomes such as mobility.  Such an 

understanding is fundamental in the determination of whether mobility 

impairment modifies the relationship between hypertension and distal 

cardiovascular outcomes, and whether blood pressure targets and associated 

medication burden influences mobility.  These investigations may then pave the 

way for more targeted blood pressure management strategies in older adults. 
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Objectives 

The objective of this cross-sectional study is to describe the association of 

blood pressure measures and gait speed in a large cohort of hypertensive older 

adults enrolled in the Systolic Blood Pressure Intervention Trial (SPRINT, one of 

the largest samples of persons age 75 years and older in which gait speed has 

been measured. These results will add to the limited literature investigating 

hypertension and physical function in older individuals, and will provide the basis 

for a longitudinal study of the effect of gait speed on the association of blood 

pressure and mortality.  

SPRINT enrolled community-dwelling, non-diabetic, hypertensive adults 

age 50 years and older enriched for cardiovascular disease risk but without a 

prior history of stroke.  The study is a 2-arm, multicenter, randomized clinical trial 

designed to test whether antihypertensive treatment aimed at reducing systolic 

blood pressure to a lower goal than is currently recommended will reduce 

cardiovascular outcomes over a follow-up of six years.  Eligible participants had 

hypertension and at least one additional cardiovascular disease (CVD) risk 

factor, including presence of clinical or subclinical non-stroke CVD, chronic 

kidney disease defined as eGFR 25-59 ml/mm/1.73 m2, or Framingham Risk 

Score for 10-year CVD risk     .  Participants were considered to be 

hypertensive if they had systolic blood pressure (SBP) 130-180 mmHg on 0 or 1 

medication, SBP 130-170 mmHg on up to 2 medications, or 130-160 mmHg on 

up to 3 medications.  Participants (n= 9361) were enrolled between October 2010 

and March 2012 from 107 clinical sites across the United States and were 
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randomly stratified by clinic to either the Intensive Group (target SBP <120 

mmHg) or Standard Group (target SBP 130-139 mmHg).  Gait speed was 

measured with the 4-meter walk test only in the senior subgroup (ages ≥ 75 

years; n=2636).  This subgroup will thus comprise the study population for these 

analyses.  
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Abstract 

Objectives:  Hypertension and mobility impairment are both common in older 

adults; however, the relationship between hypertension and mobility in 

community-dwelling older adults is not well understood.  The objective of this 

study was to examine the association of blood pressure measures and mobility 

assessed by gait speed in hypertensive older adults. 

 

Design:  Cross-sectional analysis of baseline data from the Systolic Pressure 

Intervention Trial (SPRINT). 

 

Setting:  102 SPRINT trial sites in the U.S. and Puerto Rico. 

 

Participants:  Community-dwelling adults ages 75 years and older (SPRINT 

senior subgroup) with hypertension, and no diabetes or stroke at baseline 

(N=2510). 
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Measures:  Brachial systolic and diastolic blood pressure obtained by standard 

protocol and calculated pulse pressure were analyzed separately as continuous 

and categorical variables.  Mobility was assessed by gait speed using the timed 4 

m walk test at usual pace.  Multivariable linear regression models were used to 

examine the association of blood pressure measures and gait speed, and the 

odds of slow gait speed (<0.8 m/s) associated with these measures were 

determined using multivariable logistic regression models adjusted for 

demographics, lifestyle characteristics and comorbidities.  

 

Results:   Diastolic, but not systolic blood pressure, was significantly associated 

in fully adjusted models with gait speed; each 10 mm Hg lower diastolic blood 

pressure was associated with an incrementally lower gait speed of .008 m/s 

(p=.04).   Pulse pressure ≥ 80 mm Hg compared to <60 mm Hg increased the 

odds of slow gait in the fully adjusted model (OR [95% CI] =1.43 [1.06-1.93]).  

Four or more antihypertensive medications increased the odds of slow gait when 

adjusted for demographic and lifestyle characteristics (OR [95% CI] =1.84 [1.05-

3.22]); however, the association was attenuated and no longer significant in the 

fully adjusted model. 

 

Conclusion:  Diastolic blood pressure, pulse pressure, and number of 

antihypertensive medications were associated with gait speed, but systolic blood 

pressure was not.  Prospective studies are needed to determine whether blood 
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pressure measures predict gait speed decline, and to further assess the impact 

of the control of hypertension on preservation of mobility. 

 

Introduction 

 

Hypertension is an important cardiovascular risk factor, affecting nearly 

65% of the population over the age of 65.1 It is also a risk factor for important 

non-cardiovascular outcomes in older adults, including functional impairment,2;3 

frailty,4;5 and disability.6   As the population of older adults continues to grow, a 

better understanding of how common, chronic conditions such as hypertension 

affect physical function in older adults is needed.  

Gait speed,  a physical performance measure increasingly recognized as 

an important clinical assessment 7-9 and a relevant outcome for clinical trials 

research,10  is a powerful predictor of adverse events  including disability,11;12 

stroke,13 and cardiovascular 14 and all-cause mortality.12;15;16  The ability to walk 

is central to independence, requiring the integration of multiple systems including 

central and peripheral neural pathways, cognition, musculoskeletal function, 

cardiopulmonary and circulatory systems, and energy utilization.  The 

development of “dismobility” defined as slow gait speed10 may be a final common 

pathway of comorbidity, resulting in declining physical function and reflecting 

damage and loss of integration across multiple systems. 

Hypertension and mobility impairment both increase in prevalence with 

advancing age, but little is known about their association.  Few studies have 

investigated the cross-sectional association of blood pressure and physical 
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function in older adults,6;13;17-20 and those which specifically examined gait speed 

have had conflicting results.21;22   Gait speed tends to decline with age and with 

chronic disease,23 although the reasons are not clear.  The identification of a 

single mechanistic pathway accounting for more than a small proportion of risk is 

unlikely.  Among the leading mechanisms relating blood pressure to functional 

measures such as gait speed are dysfunction of central 24-26 and peripheral  

vasculature,27-29 cognitive impairment,25;30;31 dysfunction of  neurovascular 

coupling,32 chronic inflammation,33-36 and oxidative stress.37  

This cross-sectional study examined the association of blood pressure 

measures and gait speed in a cohort of community-dwelling hypertensive older 

adults enrolled in the Systolic Blood Pressure Intervention Trial (SPRINT), one of 

the largest cohorts for which gait speed is available in adults aged 75 years and 

older.  We hypothesized that higher systolic blood pressure would be associated 

with slower gait speed, and that higher pulse pressure, as a proxy for vascular 

stiffness, would also be associated with slower gait speed. 

Methods 

Study population 

The SPRINT study is a 2-arm, multicenter, randomized clinical trial 

designed to test whether treating participants to a lower systolic blood pressure 

(SBP) goal than is currently recommended will reduce the risk of cardiovascular 

disease (CVD) outcomes over a follow-up of six years.38  Participants were 

eligible if they had hypertension (defined below) and at least one additional CVD 
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risk factor, including presence of clinical or subclinical non-stroke CVD, chronic 

kidney disease (CKD) defined as eGFR 25-59 ml/mm/1.73 m2 based on the 

MDRD prediction equation,39 or Framingham Risk Score for 10-year CVD 

risk≥15% .  Systolic blood pressure eligibility was defined as SBP 130-180 mm 

Hg on 1 or no medication, SBP 130-170 mm Hg on up to 2 medications, or 130-

160 mm Hg on up to 3 medications.  Main exclusion criteria included diabetes, 

history of stroke, and polycystic kidney disease.  SPRINT enrolled 9,361 

community-dwelling participants ≥ 50 years of age between October 2010 and 

March 2012 from 102 clinical sites across the United States and Puerto Rico who 

were stratified by clinic and randomly assigned to either the Intensive Group 

(target SBP <120 mm Hg) or Standard Group (target SBP 130-139).   Gait speed 

was measured in SPRINT participants 75 years of age or older at the time of 

randomization (n=2,636).  We excluded participants where gait speed was not 

assessed (n=123) and an additional 3 participants missing a blood pressure 

measurement at baseline, leading to a cross-sectional sample of 2,510 

participants.  Characteristics of excluded participants are described in the 

Results section. All participants provided written informed consent, and all 

protocols were approved by the institutional review boards at each study site. 

Measures 

 All measurements and variables were collected at the study sites during 

the baseline visit by centrally trained and certified study staff.   

 



39 
 

Predictor: Blood pressure measurements 

After a 5 minute rest period, the seated radial pulse was palpated for 30 

seconds and multiplied by two to obtain heart rate.  The seated blood pressure, 

measured in mm Hg, was then assessed in the right arm three consecutive times 

and averaged using a standard automated blood pressure measurement device 

(the OMRON HEM-907 XL) per study protocol.   Pulse pressure (PP) was 

calculated as SBP-DBP.    

Outcome: Gait speed assessment 

Gait speed was measured with the timed 4-meter walk test performed 

from standing start at usual pace.40  A 4-meter course was marked with adhesive 

tape and the participant was asked to stand with both feet behind the starting 

line.  A stopwatch recorded the time to the nearest hundredth of a second from 

the time the participant stepped over the starting line until the time the first foot 

crossed the finish line.  The use of a walking assistive device was permitted if 

typically used by the participant to walk short distances. Two consecutive trials 

were recorded.  For these analyses, the fastest of the two gait speeds was used 

and is presented as meters per second.  Gait speed was categorized as slow if 

<0.8 m/s,15;21;22  which is approximately 1.8 miles/h or a 33-minute mile walk.  

Covariates 

 At the baseline visit, anthropometric measures were recorded and 

demographic and lifestyle characteristics and co-morbidities were ascertained 

using a self-administered questionnaire.  Potential covariates were selected to 

represent those known to be associated with gait speed and/or blood pressure.       
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Demographic characteristics included age, sex, race/ethnicity (categorized as 

White, Black, Hispanic, and Other), and level of education (categorized as <12 

years, 12 years, >12 years). 

Lifestyle characteristics included self-reported vigorous physical activity (activity 

which “makes you sweat, increases your heart rate, or increases your breathing” 

characterized as ≤3 times per month, 1-4 times per week, ≥5 times per week), 

smoking status (current/former/never), and alcohol consumption (categorized as 

non-drinker = <1 drink per week, light drinker = 1-3 drinks per week, moderate 

drinker = 3-14 drinks per week, heavy drinker = ≥14 drinks per week). 

Anthropometric measures, comorbidities, and cognitive function:  Body weight 

and height were measured by standard protocol and were used to calculate body 

mass index (BMI) as weight (kg)/height (m)2.  History of chronic diseases 

including cardiovascular disease (CVD; congestive heart failure, history of 

myocardial infarction, and angina), chronic kidney disease (CKD; eGFR <60 

ml/min/1.73m2), peripheral vascular disease (PVD), and arthritis (osteoarthritis, 

rheumatoid, gout, or other) was ascertained from self-report and clinic data.  

Depressive symptoms over the last two weeks were assessed using the Patient 

Health Questionnaire (PHQ-9), with a score ≥ 10 taken to indicate moderate to 

severe depressive symptoms.41  Pain or discomfort experienced on the day of 

assessment (none, moderate, or extreme) was determined using the EuroQol-5D 

(EQ-5D).42  Global cognitive function was assessed with the Montreal Cognitive 

Assessment (MoCA).43  Medication use was determined by reviewing all 

medications brought by the participant to the baseline visit.   
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Analyses   

 Baseline characteristics are presented overall and according to systolic 

blood pressure and gait speed categories. Comparisons for categorical variables 

were based on χ2 tests or Fisher’s Exact test for variables with low cell counts. 

Continuous variables were compared using Analysis of Variance (ANOVA) or 

Kruskal-Wallis tests as appropriate.  Linear regression models were used to 

study the association between blood pressure measurements and gait speed. 

We analyzed each blood pressure measurement (SBP, DBP, PP) as a 

continuous predictor assuming a linear relationship with gait speed. We also 

considered models that categorized blood pressure as <140, 140-159, and ≥160 

for SBP, <70, 70-89, or ≥ 90 for DBP, and <60, 60 to 79, and ≥ 80 for PP. We 

began with models that included adjustments for age, sex, race, and education 

(Model 1). Model 2 additionally adjusted for lifestyle characteristics including 

physical activity, smoking status, and alcohol use.  Model 3 included all 

covariates in models 1 and 2 along with anthropometric and co-morbidity 

variables: BMI, history of CVD, CKD, PVD, arthritis, moderate to severe 

depressive symptoms, level of pain or discomfort, MoCA score, and use of a 

walking aid. Using the same covariates described above, we also fit logistic 

regression models using the presence of slow gait speed (<0.8 m/s) as the 

outcome.  Interactions of sex and race on the association of blood pressure and 

gait speed were examined but were not significant. 
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Results 

The study sample (n=2,510) was 37.5% women, 16.9% black, and 6.5% 

Hispanic.  Mean ± SD SBP was 141.7 ± 15.8 mmHg; all but 175 (7%) 

participants were taking antihypertensive medications at the baseline 

examination, and 141 (5.6%) were taking 4 or more antihypertensive 

medications.   Comorbidities included CKD (46.5%), CVD (24.6%), PVD (8.4%), 

and arthritis (61.8%).  Pain or discomfort of at least a moderate level was 

reported by 60.2%, and 5.9% used a walking aide.   

Participant characteristics according to systolic blood pressure category 

and gait speed category are summarized in Table 1.  Those with higher blood 

pressure were more likely to be older, male, and to have a lower BMI.  Compared 

to faster walkers, participants with slow gait speed were more likely to be older, 

non-white, female, and to have less education. They were also less physically 

active, lighter consumers of alcohol, and more frequent users of a walking aide.  

Slow gait was associated with CKD, arthritis, lower MoCA score, and moderate 

to severe depressive symptoms.  There was no association with CVD, PVD, 

smoking status, or pain and discomfort.  

Participants who were excluded from the analysis because of missing 

blood pressure or gait speed data (n=126) were slightly older and were more 

likely to be female and non-white.  These individuals were also more likely to 

have less education and to report less physical activity, less alcohol 

consumption, and less pain or discomfort.  On average, they were more likely to 
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report moderate to severe depressive symptoms and to use a walking aide.  

Missing information for individual covariates was low (≤0.5%) for each variable 

except pain or discomfort, which was missing for 1.0%, and alcohol consumption, 

which was missing for 5.1%; participants with slow gait speed were more likely to 

be missing information for alcohol. 

Mean (± SD) gait speed was 0.92 ± 0.23 m/s overall (Table 2), and the 

prevalence of slow gait speed (<0.8 m/s) was 29.4%.  Linear regression models 

showing the cross-sectional association of blood pressure measurement and 

number of antihypertensive medications with gait speed are presented in Table 

2.  Diastolic blood pressure as a continuous variable, but not categorical, was 

significantly associated with gait speed in the fully adjusted model, in which a 10 

mmHg lower DBP was associated with an incrementally slower gait speed (mean 

± SD) of .0083 ± 0.0040 m/s.  There was no association of gait speed with either 

systolic or pulse pressure measurements.  Gait speed was inversely associated 

with the number of antihypertensive medications in those who were taking two or 

more in the minimally adjusted model, an association which remained significant 

in Model 2.  These results were no longer significant in the fully adjusted model.   

Logistic models examining risk of slow gait speed defined as <0.8 m/s are 

presented in Table 3.  Pulse pressure ≥ 80 mm Hg increased the odds of slow 

gait by 43% in the fully adjusted model (OR [95% CI] =1.43 [1.06-1.93]; p=.090) 

compared to PP<60 mm Hg.  While neither SBP nor DBP were associated with 

increased odds of slow gait, participants who were taking four or more 

antihypertensive medications had a nearly 90% increased odds of slow gait when 
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adjusted for demographic and lifestyle characteristics (OR [95% CI] =1.84 [1.05-

3.22]) in Model 2.  These results were attenuated and no longer significant in the 

fully adjusted model. 

Discussion 

 In this large cohort of hypertensive older adults without diabetes or stroke, 

29.4% walked slower than 0.8 m/s, a pace associated with impaired community 

ambulation 44 and below which life expectancy is decreased.15  The main findings 

of this study were that elevated pulse pressure (≥80 mmHg) and a high number 

of antihypertensive medications were each significantly associated with 

increased odds of slow gait.  In linear models, gait speed was negatively 

associated with number of antihypertensive medications, and was positively 

associated with DBP; a 10 mmHg decrement in DBP was associated with an 

incrementally slower gait speed (mean ± SD) of .0083 ± 0.0040 m/s in the fully 

adjusted model.  Because the minimal clinically significant difference in gait 

speed is 0.03–0.05 m/s,45 this would suggest that clinical significance would be 

detectable only at differences in DBP of 40 mmHg or more.  Gait speed was not 

associated with SBP. 

Little is known about gait speed in hypertensive older adults, although high 

blood pressure is associated with self-reported mobility impairment46 and 

appears to hasten gait speed decline.47;48  Cross-sectional studies have generally 

focused on systolic blood pressure, but the association remains inconclusive.   In 

a study examining cardiovascular risk factors and mobility impairment, 
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hypertension was not independently associated with slow gait speed, although 

an increasing number of cardiovascular risk factors increased the odds of 

slowness, a relationship which was modified by age and genetic 

susceptibility22.Gait speed over distances from 2.4 to 6 m, the length of which 

was determined by the participants self-report of preferred walking speed (slow 

walkers were assessed at the shorter distance).  In comparison, the Three-City 

Study, which used maximum (fast) rather than usual gait speed as a mobility 

measure, found that hypertension and the number of antihypertensive mediations 

were independently associated with slower gait.48   

We found that a higher number of antihypertensive medications was 

associated with slower gait speed, as did Dumurgier.21  While number of 

antihypertensive medications was used as a proxy for hypertension severity, a 

higher medication burden may have physiologic consequences and side effects, 

including excessive lowering of DBP, which may alternatively contribute to 

mobility disability through pathways independent of systolic hypertension 

severity.   

In our study, lower DBP was associated with slow gait speed.  The 

association of DBP and physical performance measures such as gait speed has 

not been described in the literature to our knowledge, though lower DBP was 

associated with frailty in Brazilian older adults.49  Low DBP is a risk factor for 

other adverse outcomes including cognitive impairment, cardiovascular events 

and mortality.  Coronary blood flow occurs during diastole, and low coronary 

perfusion is associated with low diastolic pressure.  It has not yet been 
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determined whether low DBP is causal in the adverse events above, or if the low 

diastolic is merely reflective of another process.  Because isolated systolic 

hypertension is so common in the older adult population, lowering the SBP to 

achieve a particular target could inadvertently lower the DBP to potentially 

deleterious levels.  Our results suggest the importance of investigating the 

outcomes of SBP and DBP separately in future studies of the association 

between blood pressure and physical function, as described below. 

Pulse pressure above 80 mm Hg was associated with increased odds of 

slow gait speed.   Pulse pressure, a sign of vascular stiffness, commonly widens 

with age as a result of higher SBP, lower DBP, or both.  Because these 

pressures do not correlate in advancing age as predictably as they do prior to the 

6th decade, and because consideration of SBP and DBP separately obscures 

information derived from PP, attention to pulse pressure in studies of systolic 

hypertension outcomes may be warranted.  Vascular stiffness measured by the 

gold standard of aortic pulse wave velocity (aPWV) is independently associated 

with gait speed,27-29 although the mechanisms are unknown.  Our results are in 

contrast to Heffernan et al., who found that higher pulse pressure was 

independently associated with slow gait measured over 400 m but not 4 m.50    

There are a number of possible explanations for the lack of an association 

between systolic blood pressure and gait speed in older SPRINT participants at 

baseline.   First, the exclusion of persons with a SBP <130 mm Hg resulted in a 

relatively narrow range of blood pressures in this hypertensive cohort, and 

therefore may not have provided enough variation for the detection of an 
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association with gait speed.  Furthermore, over 90% of participants were being 

treated for hypertension; measuring treated rather than underlying blood 

pressure artificially reduces blood pressure variability, particularly for those with 

the highest underlying blood pressure.51 It should be noted that while those with 

SBP < 130 were excluded from this hypertension trial, there were no DBP entry 

or exclusion criteria; the full range of diastolic pressures was therefore available 

for analysis. 

Second, the study excluded participants with diabetes or stroke, 

conditions which are known to be associated with hypertension and mobility 

impairment,22;52 and which may be either on the causal pathway or confounders 

in the hypothesized link between blood pressure and gait speed.   

Third, although our analysis utilized a well-recognized classification of 

hypertension severity, the inherent variability of blood pressure could lead to 

misclassification based on measurements collected at a single baseline visit. 53 

Blood pressure variability increases with age, as does the likelihood of the “white 

coat effect”, an elevated blood pressure which occurs only in the office setting; 

such situations can lead to the misclassification of hypertension.  Taking the 

average of three readings at the time of blood pressure assessment, as was 

done in SPRINT, may help mitigate erroneous classification due to within-person 

variability at a single visit, but does not account for the variability of blood 

pressure throughout the day.  
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Moreover, categorization into blood pressure levels without regard to the 

duration of hypertension may not adequately capture the burden of disease. We 

did not collect baseline information on the duration of hypertension diagnosis in 

our participants, and not all were receiving treatment at randomization.  However, 

most hypertensive older adults have carried the diagnosis for many years,54 and 

the number of new or recent diagnoses of hypertension is likely to be low.  

Our study has several strengths.  The SPRINT cohort is the largest 

community-based population for which usual gait speed was measured by 

recommended standardized protocol40 in adults ages 75 years and older.  The 

cohort was well-characterized with respect to predictor and outcome measures 

as well as a number of covariates, and relatively few individuals were excluded 

from the analysis because of missing blood pressure or gait speed data.  To our 

knowledge, this is the first cross-sectional study examining blood pressure 

measurements and usual gait speed in older adults with hypertension, and is the 

first to investigate blood pressure components separately.  We found that 

diastolic and pulse pressures, as well as the number of antihypertensive 

medications, were associated with gait speed, but that systolic blood pressure 

was not.   Our findings suggest that consideration of the therapeutic impact of 

treatment on diastolic and pulse pressures in addition to systolic pressure is 

warranted in future studies which incorporate mobility as an outcome in elderly 

participants.   

Because we focused on adults at least 75 years of age, our study may not 

be generalizable to younger older adults, and the observational design precludes 
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the ability to determine causation. Nonetheless, these results will add to the 

relatively limited literature investigating the relationship between hypertension 

and physical function in older individuals, furthering our understanding of the 

pathway from disease to disability, an outcome with serious implications for 

health at both the individual and public level.  Assessing the longitudinal impact 

of the control of hypertension on this pathway is an important next step, which a 

clinical trial enrolling large numbers of older adults, such as SPRINT, is well 

poised to do.  Given the prevalence of hypertension in older adults, SPRINT has 

an opportunity to answer an important public health question as to the possible 

role of blood pressure therapy in the preservation of mobility in the elderly. 
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TABLE 1.  Demographic characteristics of SPRINT senior participants by systolic blood pressure and gait speed  

      Systolic Blood Pressure Gait Speed 

    Overall <140 mmHg 

140 to <160 

mmHg ≥160 mmHg    <0.8 m/s 0.8 to <1.2 m/s ≥1.2 m/s    

 

  N=2,510 N=1,176 N=1,015 N=319 p-value N=738 N=1,509 N=263 p-value 

Age, years   79.8 ± 4.0 79.5 ± 3.8 80.0 ± 4.1 80.3 ± 4.1 0.001 80.7 ± 4.3 79.5 ± 3.9 78.8 ± 3.2 <0.001 

Female   940 (37.5) 392 (33.3) 393 (38.7) 155 (48.6) <0.001 351 (47.6) 530 (35.1) 59 (22.4) <0.001 

Race/Ethnicity White 1,876 (74.7) 880 (74.8) 759 (74.8) 237 (74.3) 0.185 429 (58.1) 1,223 (81.0) 224 (85.2) <0.001 

  Black 424 (16.9) 213 (18.1) 155 (15.3) 56 (17.6)   203 (27.5) 194 (12.9) 27 (10.3)   

  Hispanic 164 (6.5) 67 (5.7) 77 (7.6) 20 (6.3)   90 (12.2) 63 (4.2) 11 (4.2)   

  Other 46 (1.8) 16 (1.4) 24 (2.4) 6 (1.9)   16 (2.2) 29 (1.9) 1 (0.4)   

Education <12 years 275 (11.0) 122 (10.4) 116 (11.4) 37 (11.6) 0.931 147 (19.9) 113 (7.5) 15 (5.7) <0.001 

  12 years 371 (14.8) 168 (14.3) 154 (15.2) 49 (15.4)   127 (17.2) 222 (14.7) 22 (8.4)   

  >12 years 1,862 (74.2) 885 (75.3) 744 (73.3) 233 (73.0)   463 (62.7) 1,173 (77.7) 226 (85.9)   

  Missing 2 (0.1) 1 (0.1) 1 (0.1) 0 (0.0)   1 (0.1) 1 (0.1) 0 (0.0)   

Vigorous physical activity ≤3 times/month 1,121 (44.7) 514 (43.7) 466 (45.9) 141 (44.2) 0.689 398 (53.9) 628 (41.6) 95 (36.1) <0.001 

  1-4 times/week 1,063 (42.4) 511 (43.5) 414 (40.8) 138 (43.3)   262 (35.5) 679 (45.0) 122 (46.4)   

  ≥5 times/week 315 (12.5) 148 (12.6) 128 (12.6) 39 (12.2)   74 (10.0) 195 (12.9) 46 (17.5)   

  Missing 11 (0.4) 3 (0.3) 7 (0.7) 1 (0.3)   4 (0.5) 7 (0.5) 0 (0.0)   

Smoking status Never 1,180 (47.0) 542 (46.1) 478 (47.1) 160 (50.2) 0.739 365 (49.5) 680 (45.1) 135 (51.3) 0.129 

  Former 1,244 (49.6) 588 (50.0) 507 (50.0) 149 (46.7)   342 (46.3) 780 (51.7) 122 (46.4)   

  Current  82 (3.3) 44 (3.7) 28 (2.8) 10 (3.1)   29 (3.9) 47 (3.1) 6 (2.3)   

  Missing 4 (0.2) 2 (0.2) 2 (0.2) 0 (0.0)   2 (0.3) 2 (0.1) 0 (0.0)   
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Alcohol consumption Non-drinker 1,187 (47.3) 548 (46.6) 479 (47.2) 160 (50.2) 0.829 440 (59.6) 640 (42.4) 107 (40.7) <0.001 

  Light drinker 462 (18.4) 216 (18.4) 196 (19.3) 50 (15.7)   116 (15.7) 295 (19.5) 51 (19.4)   

  Moderate drinker 476 (19.0) 220 (18.7) 194 (19.1) 62 (19.4)   95 (12.9) 322 (21.3) 59 (22.4)   

  Heavy drinker 256 (10.2) 125 (10.6) 100 (9.9) 31 (9.7)   46 (6.2) 171 (11.3) 39 (14.8)   

  Missing 129 (5.1) 67 (5.7) 46 (4.5) 16 (5.0)   41 (5.6) 81 (5.4) 7 (2.7)   

BMI, kg/m
2
   27.7 ± 4.7 28.1 ± 4.9 27.6 ± 4.4 26.8 ± 4.6 <0.001 27.9 ± 5.1 27.7 ± 4.6 27.2 ± 4.0 0.068 

History of CVD   618 (24.6) 302 (25.7) 239 (23.5) 77 (24.1) 0.501 188 (25.5) 370 (24.5) 60 (22.8) 0.684 

CKD (eGFR<60)
*
 Yes 1,166 (46.5) 549 (46.7) 471 (46.4) 146 (45.8) 0.926 372 (50.4) 681 (45.1) 113 (43.0) 0.023 

  No 1,333 (53.1) 623 (53.0) 539 (53.1) 171 (53.6)   360 (48.8) 823 (54.5) 150 (57.0)   

  Missing 11 (0.4) 4 (0.3) 5 (0.5) 2 (0.6)   6 (0.8) 5 (0.3) 0 (0.0)   

PVD Yes 212 (8.4) 93 (7.9) 90 (8.9) 29 (9.1) 0.796 66 (8.9) 128 (8.5) 18 (6.8) 0.843 

  No 2,295 (91.4) 1,082 (92.0) 923 (90.9) 290 (90.9)   671 (90.9) 1,379 (91.4) 245 (93.2)   

  Missing 3 (0.1) 1 (0.1) 2 (0.2) 0 (0.0)   1 (0.1) 2 (0.1) 0 (0.0)   

Arthritis Yes 1,552 (61.8) 718 (61.1) 630 (62.1) 204 (63.9) 0.864 502 (68.0) 908 (60.2) 142 (54.0) <0.001 

  No 956 (38.1) 457 (38.9) 384 (37.8) 115 (36.1)   235 (31.8) 600 (39.8) 121 (46.0)   

  Missing 2 (0.1) 1 (0.1) 1 (0.1) 0 (0.0)   1 (0.1) 1 (0.1) 0 (0.0)   

Moderate to severe 

depressive symptoms
^
 

Yes 82 (3.3) 27 (2.3) 41 (4.0) 14 (4.4) 0.072 41 (5.6) 37 (2.5) 4 (1.5) 0.001 

  No 2,417 (96.3) 1,143 (97.2) 971 (95.7) 303 (95.0)   695 (94.2) 1,464 (97.0) 258 (98.1)   

  Missing 11 (0.4) 6 (0.5) 3 (0.3) 2 (0.6)   2 (0.3) 8 (0.5) 1 (0.4)   

Pain or discomfort None 973 (38.8) 439 (37.3) 401 (39.5) 133 (41.7) 0.845 267 (36.2) 600 (39.8) 106 (40.3) 0.064 

  Moderate 1,401 (55.8) 669 (56.9) 561 (55.3) 171 (53.6)   423 (57.3) 838 (55.5) 140 (53.2)   

  Extreme 111 (4.4) 55 (4.7) 43 (4.2) 13 (4.1)   43 (5.8) 57 (3.8) 11 (4.2)   

  Missing 25 (1.0) 13 (1.1) 10 (1.0) 2 (0.6)   5 (0.7) 14 (0.9) 6 (2.3)   

MoCA score (0 to 30)   22 (19-25) 22 (19-25) 22 (19-25) 22 (19-25) 0.418 20 (17-23) 23 (20-25) 23 (21-26) <0.001 
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Number of anti-hypertensive 

medications 

0 175 (7.0) 75 (6.4) 72 (7.1) 28 (8.8) 0.167 35 (4.7) 116 (7.7) 24 (9.1) 0.003 

  1 703 (28.0) 313 (26.6) 291 (28.7) 99 (31.0)   192 (26.0) 422 (28.0) 89 (33.8) 

   2 915 (36.5) 455 (38.7) 355 (35) 105 (32.9)   279 (37.8) 539 (35.7) 97 (36.9) 

   3 576 (22.9) 271 (23.0) 242 (23.8) 63 (19.7)   183 (24.8) 352 (23.3) 41 (15.6) 

   ≥4 141 (5.6) 62 (5.3) 55 (5.4) 24 (7.5)   49 (6.6) 80 (5.3) 12 (4.6) 

 Use of a walking aid Yes 147 (5.9) 68 (5.8) 60 (5.9) 19 (6.0) 0.821 109 (14.8) 35 (2.3) 3 (1.1) <0.001 

  No 2,359 (94.0) 1107 (94.1) 953 (93.9) 299 (93.7) 

 

629 (85.2) 1,471 (97.5) 259 (98.5)   

  Missing 4 (0.2) 1 (0.1) 2 (0.2) 1 (0.3) 

 

0 (0.0) 3 (0.2) 1 (0.4)   

 

Table excludes N=126 participants with missing systolic blood pressure reading or gait speed assessment at baseline.                   

 Data are presented as N (%), mean ± SD, or median (Interquartile range) as appropriate. 

*eGFR based on CKD-EPI equation in ml/min/1.73m2 

^PHQ-9 score ≥ 10 
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TABLE 2.  Association of systolic and diastolic blood pressure (BP), pulse pressure (PP), and number of antihypertensive 
medications with gait speed (m/s) based on linear regression  
        Model 1

a
 Model 2

b
 Model 3

c
 

    N  Gait Speed (m/s) Estimate (SE) p-value Estimate (SE) p-value Estimate (SE) p-value 

Systolic BP Continuous
e 

2,298 0.92 ± 0.20 0.0031 (0.0029) 0.275 0.0029 (0.0029) 0.316 0.0020 (0.0027) 0.456 

  <140 mmHg 1,066 0.92 ± 0.23 REF - REF - REF - 

  140 to <160 mmHg 938 0.92 ± 0.23 0.0070 (0.0097) 0.470 0.0069 (0.0096) 0.470 0.0066 (0.0092) 0.469 

  ≥160 mmHg 294 0.91 ± 0.24 0.0087 (0.0143) 0.543 0.0070 (0.0141) 0.620 0.0058 (0.0136) 0.669 

Diastolic BP Continuous
e
 2,298 0.92 ± 0.20 0.0078 (0.0041) 0.060 0.0072 (0.0041) 0.080 0.0083 (0.0040) 0.037 

  70 to <90 mmHg 1,124 0.93 ±.0.24 REF - REF - REF - 

  <70 mmHg 

70 to 90 mmHg 

1,045 0.90 ±.0.22 -0.0162 (0.0093) 0.082 -0.0158 (0.0092) 0.086 -0.0192 (0.0089) 0.032 

 ≥90 mmHg 129 0.92 ± 0.21 -0.0142 (0.0120) 0.478 -0.0158 (0.0120) 0.425 -0.0124 (0.0189) 0.514 

Pulse Pressure Continuous
e
 2,298 0.92 ± 0.20 -0.0008 (0.0032) 0.809 -0.0008 (0.0032) 0.811 -0.0024 (0.0031) 0.435 

  <60 mmHg 520 0.93 ± 0.23 REF - REF - REF - 

  60 to <80 mmHg 1,240 0.93 ± 0.23 0.0069 (0.0113) 0.539 0.0057 (0.0112) 0.609 0.0011 (0.0107) 0.917 

  ≥80 mmHg 538 0.89 ± 0.23 -0.0035 (0.0135) 0.796 -0.0045 (0.0133) 0.733 -0.0078 (0.0129) 0.543 

Number of 0 162 0.97 ± 0.23 REF - REF - REF - 

anti-hypertensive 1 630 0.94 ± 0.24 -0.0140 (0.0189) 0.461 -0.0238 (0.0188) 0.205 -0.0123 (0.0181) 0.498 

agents 2 839 0.91 ± 0.22 -0.0367 (0.0185) 0.047 -0.0422 (0.0183) 0.021 -0.0251 (0.0178) 0.158 

  3 538 0.89 ± 0.22 -0.0477 (0.0194) 0.014 -0.0534 (0.0192) 0.005 -0.0308 (0.0187) 0.100 

  ≥4 129 0.90 ± 0.23 -0.0530 (0.0254) 0.037 -0.0509 (0.0252) 0.044 -0.0145 (0.0244) 0.552 

aAdjusted for age, sex, race, and education 
bAdjusted for covariates in Model 1 and physical activity, alcohol consumption, and smoking status 
cAdjusted for covariates in Model 2 and BMI, CKD, history of CVD, PVD, arthritis, pain or discomfort, moderate to severe depressive 
symptoms (PHQ-9≥10), MoCA score, and use of a walking aid 
dMean gait speed ± Standard deviation 
eMean change in gait speed per 10 mmHg (SBP, DBP, PP) increase 
 Analyses based on N=2,298 participants with no missing covariate data 
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TABLE 3.  Odds of slow gait speed (<0.8 m/s) according to levels of systolic and diastolic blood pressure (BP), pulse 
pressure (PP), and number of antihypertensive medications 
    Model 1

a
 Model 2

b
 Model 3

c
 

    Odds Ratio (95% CI) p-value Odds Ratio (95% CI) p-value Odds Ratio (95% CI) p-value 

Systolic BP Continuous
d
 1.04 (0.98-1.11) 0.157 1.05 (0.99-1.11) 0.131 1.06 (0.99-1.13) 0.090 

  <140 mmHg REF - REF - REF - 

  140 to <160 mmHg 1.04 (0.84-1.28) 0.721 1.05 (0.85-1.29) 0.667 1.05 (0.84-1.30) 0.663 

  ≥160 mmHg 1.23 (0.91-1.65) 0.177 1.24 (0.92-1.68) 0.151 1.25 (0.92-1.71) 0.153 

Diastolic BP Continuous
d
 1.01 (0.92-1.10) 0.894 1.01 (0.93-1.11) 0.790 1.01 (0.92-1.11) 0.865 

  70 to <90 mmHg REF - REF - REF - 

  <70 mmHg 1.03 (0.84-1.25) 0.776 1.02 (0.83-1.24) 0.856 1.04 (0.84-1.28) 0.723 

 ≥90 mmHg 0.99 (0.64-1.52) 0.951 0.99 (0.64-1.53) 0.978 0.96 (0.61-1.50) 0.852 

Pulse Pressure Continuous
d
 1.05 (0.98-1.13) 0.141 1.05 (0.98-1.13) 0.142 1.07 (0.99-1.15) 0.075 

  <60 mmHg REF - REF - REF - 

  60 to <80 mmHg 0.99 (0.77-1.26) 0.927 1.01 (0.79-1.29) 0.951 1.05 (0.81-1.36) 0.693 

  ≥80 mmHg 1.34 (1.01-1.78) 0.041 1.36 (1.03-1.81) 0.033 1.43 (1.06-1.93) 0.019 

Number of 0 REF - REF - REF - 

Antihypertensive 1 1.30 (0.84-2.02) 0.241 1.42 (0.91-2.21) 0.122 1.32 (0.83-2.09) 0.245 

Medications 2 1.48 (0.96-2.28) 0.073 1.55 (1.00-2.38) 0.048 1.42 (0.90-2.23) 0.131 

  3 1.45 (0.93-2.27) 0.100 1.53 (0.98-2.40) 0.062 1.33 (0.83-2.14) 0.233 

  ≥4 1.89 (1.08-3.29) 0.025 1.84 (1.05-3.22) 0.034 1.47 (0.82-2.65) 0.199 

aAdjusted for age, sex, race, and education  
bAdjusted for covariates in Model 1 and physical activity, alcohol consumption, and smoking status 
cAdjusted for covariates in Model 2 and BMI, CKD, CVD, PVD, arthritis, pain, moderate to severe depressive symptoms (PHQ-9≥10), 
MoCA score, and use of a walking aid 
dOdds Ratio per 10 mmHg (SBP, DBP, and PP) increase   
Analyses based on N=2,298 participants with no missing covariate data 
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CHAPTER 3:  REVIEW 

 

Hypertension and Gait Speed:  The Study in Context 

This thesis is an investigation of the relationship between blood pressure 

and mobility impairment as measured by gait speed in older hypertensive adults, 

an inquiry important in determining whether the existence or severity of 

hypertension is a risk factor for mobility disability. Though little is known, it is 

plausible that hypertension is associated with functional ability through age-

related vascular mechanisms as measured by blood pressure  independent of (or 

perhaps proximal to) cardiovascular events such as stroke, myocardial infarction, 

or heart failure.  It is also plausible that antihypertensive therapy itself may be 

associated with mobility impairment, independent of blood pressure. 

This inquiry also provides a basis for future studies investigating whether 

mobility impairment modifies the relationship between hypertension and 

mortality.  Studies in adults of very advanced age have shown an inverse 

relationship between blood pressure and mortality,1;2 fostering a growing interest 

in using functional measures to better understand this relationship.   

Indeed, the consequences of hypertension may vary according to physical 

ability.  Odden and colleagues recently found that mortality associated with 

hypertension in older persons was modified by gait speed; those who walked 

faster than 0.8 m/s had the expected relationship between hypertension and 

mortality (HR [95% CI]= 1.35 [1.03-1.77]), but no clear relationship was present 
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in those who walked slower.  Moreover, hypertension appeared to be protective 

among the 243 participants (9.9%) who were unable to complete the walk test 

(HR [95% CI] =0.38 [0.23-0.62]).3  Among these participants, two-thirds offered a 

physical issue as the explanation, while the remainder was unable to complete 

the test due to scheduling or time constraints.  It is therefore difficult to draw 

conclusions regarding the mechanism of this finding.  Nevertheless, the authors 

hypothesized that younger, more functional older adults may have the expected 

association between hypertension and mortality seen in adults of younger age, 

whereas this association may not be seen in older, frail adults; higher BP may be 

necessary to maintain perfusion of the vital organs in this “functionally older” 

subset, particularly the brain during the systolic phase and the heart during the 

diastolic phase of the cardiac cycle.  These are intriguing findings which should 

propel further investigation into the possibility that physical function may modify 

the association between chronic diseases such as hypertension and mortality, an 

investigation that SPRINT is positioned to do.  

It is imperative that we improve our ability to identify which patients are 

most likely to benefit from hypertension management so that treatment can be 

appropriately directed.  Recognizing that the older adult population comprises 

phenotypically different individuals, a promising application of gait speed 

assessment is to help identify functional subgroups of hypertensive adults in 

which interventions and outcomes can be more specifically investigated.  

Ultimately, this knowledge may lead to the development of personalized care 

plans based on patient-centered risks and preferences. 
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As discussed in Chapter 1, little is known about mobility function in 

hypertensive older adults.  The SPRINT subset of adults age ≥75 years 

represents one of the largest and oldest adult cohorts in which gait speed has 

been measured, and provides a unique opportunity to better understand the 

pathway from disease to disability as this cohort is followed longitudinally.  

The following is a review of findings, additional questions, and future directions 

associated with this investigation. 
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Findings 

Aim 1:  To determine the prevalence of mobility impairment defined as slow gait 

speed (<0.8 m/s) in a community-dwelling, hypertensive, older adult population 

enriched for cardiovascular disease risk.   

Hypothesis:  The prevalence of mobility impairment is higher among older, 

hypertensive persons than in other age-matched, community-dwelling, older 

adult cohorts. 

Gait speed is known to slow with advancing age, and given the average 

age of 80 years in the SPRINT senior subgroup, we anticipated that mobility 

impairment (gait speed <0.8 m/s) would be fairly common,  and that gait speed 

would be generally lower than that reported for older adult populations of younger 

average age.  The overall prevalence of mobility impairment in SPRINT was 

29.4%, a proportion which increased with age and was higher in women than in 

men; nearly one-half of women ages 85 and older walked at a pace consistent 

with mobility impairment.  

 Comparisons of age- and sex-specific prevalence of slow gait were made 

to older adults age ≥ 75 in the National Health and Nutrition Examination Survey 

(NHANES),4 a nationally representative cohort of adults, and overall prevalence 

was compared to selected large observational studies of community-dwelling 

older adults.  Compared to NHANES, the prevalence of mobility impairment in 

the SPRINT population was lower for men of all ages and for women age 80 
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years and older (Table 1), a finding which may be due in part to the healthy 

volunteer effect observed in clinical trial populations.5   

 Among large cohort studies of community-dwelling older adults for which 

gait speed is available (as summarized by Studenski6), the Established 

Populations for Epidemiologic Studies of the Elderly (EPESE) cohort is most 

comparable to SPRINT in age; 74% of 2,128 individuals were at least 75 years of 

age (mean [SD] =78.9 [5.52]).  Mean [SD] gait speed in the SPRINT senior 

subgroup was 0.92 [0.23] m/s, with 29.4% walking slower than 0.8 m/s; in 

EPESE, mean gait speed was 0.83 [0.13] m/s, and 40.8% walked slower than 

0.8 m/s.  Data for EPESE and other cohorts are presented in Table 2.  Despite 

being the oldest cohort among the representative studies reviewed by 

Studenski,6 slow gait was less common in SPRINT than in all but the Health ABC 

study, a trial whose participants were selected to be well-functioning.  The 

exclusion of participants with diabetes and stroke in SPRINT may partly account 

for the lower prevalence of slow gait speed. 



 

65 
 

 

 

 

 

 

 

 

 

 

 



 

66 
 

Aim 2:  To determine the cross-sectional association of systolic (SBP) and 

diastolic (DBP) blood pressures with gait speed in this population. 

Hypothesis:  Higher systolic and diastolic blood pressures are associated with 

slower gait speed, independent of covariates. 

 As described in Chapter 2, we did not find an association of higher systolic 

or higher diastolic blood pressure with slow gait speed in the SPRINT cohort.  

Rather, lower diastolic pressure was associated with slow gait, as was the 

number of antihypertensive medications entered as a proxy for hypertension 

severity.   A number of possible explanations for our findings were presented, 

including the failure to identify an existing relationship between higher systolic 

pressure and slower gait speed due to methodological issues.  The potential for 

classification bias, in particular, is of interest.   

Epidemiologic studies of blood pressure must define and classify 

hypertension, a quantitative trait which is subject to the effects of treatment with 

medication.7;7  We defined systolic, diastolic and pulse pressures both 

continuously and categorically according to observed measurements, regardless 

of treatment, at a single baseline visit.  For a number of reasons, this 

classification can be problematic.   

 First, blood pressure is inherently variable, and problems with single 

baseline measures in hypertension studies are well-documented.8;9  This 

variability increases with age, as does the likelihood of the “white coat effect”, an 

elevated blood pressure which occurs only in the office setting; such situations 
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can lead to the misclassification of hypertension.  Taking the average of three 

readings at the time of blood pressure assessment, as was done in SPRINT, 

may help mitigate erroneous classification due to within-person variability at a 

single visit, but does not account for the variability of blood pressure throughout 

the day.  

Second, the baseline population comprised individuals of varying levels of 

hypertension duration and treatment, so no assumptions can be made regarding 

the burden of disease over time or the comparability of this burden among those 

with the same blood pressure.  For example, two individuals with SBP of 150 do 

not have directly comparable disease burden if one has newly developed 

hypertension and is taking no medications, and the second has had hypertension 

for 20 years and is taking 4 medications.  The Cardiovascular Health Study 

addressed this challenge by identifying 4 groups; no history of hypertension 

(BP<140/90), recent or newly diagnosed hypertension on no antihypertensive 

medications (BP≥140/90), treated and controlled hypertension (BP<140/90), and 

treated and uncontrolled hypertension (BP≥140/90).10 Unlike the hypertensive 

SPRINT cohort, the CHS population had a large number of normotensive 

participants without a history of hypertension or antihypertensive medication use.    

Given this constraint, we attempted to account for the influence of 

antihypertensive treatment in four ways; a) by performing a sensitivity analysis on 

those taking no medications at baseline, b) by using the number of 

antihypertensive medications as a proxy for disease severity,11 c) by testing for 

an interaction between the number of medications and  blood pressure on gait 
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speed, d) and by using two methods of imputation to account for treatment 

effects.   

a) When we examined the association of blood pressure measures and gait 

speed in the 175 individuals who were not taking antihypertensive 

medication at baseline, there was no correlation overall (data not shown).  

These analyses were insufficiently powered, as relatively few participants 

were taking no antihypertensive medication at baseline in SPRINT. 

b) An association between antihypertensive medication burden and gait 

speed was identified in SPRINT, as described in chapter 2.  Because 

more medications were presumed to indicate more severe hypertension, 

this finding would support the hypothesis that higher blood pressure is 

associated with slower gait.  Alternative interpretations are equally 

plausible; our finding that lower diastolic blood pressure was associated 

with slow gait may suggest that the association of medication and slow 

gait speed is mediated through the lowering of diastolic blood pressure.  

Moreover, higher antihypertensive medication burden may have side 

effects or physiologic consequences affecting mobility independent of 

hypertension severity.  Polypharmacy is a significant risk factor for falls in 

older adults,12 which in turn can cause a gradual decline in physical 

function or a more precipitous mobility impairment due to injury, and 

antihypertensive medications themselves are associated with adverse 

functional outcomes including fall injuries,13 urinary incontinence,14 and 

decreased physical performance.15  
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c) We did not identify an interaction between the number of hypertension 

medications and blood pressure measures on gait speed.  Unadjusted 

median gait speed was examined with respect to blood pressure levels 

and number of antihypertensive medications.  As seen in the Figure 

below, gait speed does not appear to be associated with SBP level among 

those taking one or no blood pressure medications, but it appears that gait 

speed is slower among those on a greater number of medications and 

with higher systolic blood pressure.   
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d) We adjusted measured blood pressure in treated subjects so that they 

better reflected the inherent untreated levels.   Additional analyses were 

performed comparing two methods of imputation for blood pressure 

variables; the first, a fixed imputation in which 10 mm Hg was added to 

SBP and 5 mg Hg was added to DBP in participants on antihypertensive 

medication,7 and the second, a stepped imputation whereby adjustments 

to SBP and DBP were made according to the number of antihypertensive 

medications taken.16  A comparison of these imputation methods to the 

original analysis in both unadjusted and minimally adjusted models is 

presented in Table 3.  The imputed values did not change the original 

findings.    
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In summary, we did not identify sources of bias as a result of the above 

analyses, and further investigation of the lack of an association between systolic 

blood pressure and gait speed are warranted.  The power to detect differences 

may simply have been inadequate due to the reduced range of systolic blood 

pressures in this exclusively hypertensive cohort, most of whom were taking 

antihypertensive therapy.   It is notable that while eligibility for SPRINT was 

determined by systolic hypertension, there was no cut-off for DBP, and therefore 

a broad range of diastolic pressures is represented.  The ability to detect an 

association between diastolic pressure and gait speed may therefore have been 

greater than with systolic pressure. 

Little is known about the role of DBP and physical function.  The finding that 

lower, but not higher DBP was associated with slower gait is consistent with the 

literature indicating that low DBP is a risk factor for other adverse outcomes 

including cognitive impairment, cardiovascular events, and mortality.  Coronary 

blood flow occurs during diastole, and low coronary perfusion is associated with 

low diastolic pressure.  It has not yet been determined whether low DBP is 

causal in the adverse events above, or if the low diastolic is merely reflective of 

another process.  Because isolated systolic hypertension is so common in the 

older adult population, lowering the SBP to achieve a particular target could 

inadvertently lower the DBP to potentially deleterious levels.  Our results suggest 

the importance of investigating the outcomes of SBP and DBP separately in 

future studies of the association between blood pressure and physical function, 

as described below. 
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Aim 3:  To determine the cross-sectional association of pulse pressure and gait  

speed. 

 
Hypothesis:  Higher pulse pressure, as a crude measure of arterial stiffness, is 

associated with slow gait speed, independent of covariates. 

 Consistent with our hypothesis, the odds of slow gait speed (<0.8 m/s) 

were increased for participants with pulse pressures of 80 mmHg and higher, 

representing nearly a quarter of the participants in this analysis.  The biologic 

plausibility of this finding rests on the possibility of vascular stiffness as a 

pathway through which mobility may be affected, as described in Chapter 1.  

However, it is worth noting that in a cross-sectional setting, it is challenging to 

disentangle the effects of correlated measures such as SBP, DBP, and PP.  

These measures become less correlated in older age when pulse pressure may 

be higher due to higher SBP, lower DBP, or both.  We did not perform analyses 

to determine the effect on gait speed of DBP for a fixed SBP or vice versa.  In 

studies of mortality using such conditional modelling, higher SBP for a fixed DBP 

(and thus PP) was linearly associated with mortality, while the impact of higher 

DBP (and thus lower PP) for a fixed SBP was variable;  a lower risk of mortality 

was seen if DBP was below 80 to 90 mm Hg, and a higher risk was noted for 

DBP above 80 to 90 mm Hg.17  It may be more appropriate, therefore, to 

evaluate the joint effect of systolic and diastolic pressure on gait speed rather 

than each component separately, as was done in our analysis.  It is possible that 
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the association of higher pulse pressure with slower gait speed is determined by 

a lower DBP rather than a higher SBP. 

 

Additional questions 

Is heart rate, a determinant of blood pressure, independently associated with gait 

speed?   

Blood pressure is determined by peripheral vascular resistance and 

cardiac output, which represents the product of stroke volume and heart rate.  

Faster heart rate is associated with an increased risk of cardiovascular events 

and mortality,18 in part hypothesized to reflect changes in the autonomic nervous 

system. One determinant of heart rate is physical fitness, but it is unknown 

whether physical performance measures such as gait speed are associated with 

heart rate.  As an exploratory analysis, we examined whether heart rate was 

associated with gait speed, hypothesizing that faster heart rate would be 

associated with slower gait.  No association was observed in linear regression 

(Table 4a), although a small increase in the odds of slow gait speed per 10 bpm 

increment in heart rate was seen in logistic regression Models 1 and 2 (Table 

4b).  
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 Heart rate is highly correlated with blood pressure measures and is 

influenced by some antihypertensive medications.  Further studies investigating 

the association of heart rate and physical performance measures would have to 

account for these factors. 

Does changing the cut-off for slow gait speed influence our results? 

The associations between gait speed and clinical outcomes are graded, 

and while 0.8 m/s is commonly used to distinguish a pace below which 

community ambulation is impaired19;20 and life expectancy is decreased,6 the risk 

of disability and poor outcomes is greater at gait speeds slower than 0.6 m/s.21  A 

recent Mobility Working Group has recommended that this lower cut point be 

used in the diagnosis of mobility disability to focus attention on those at highest 

risk.4 
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In examining whether higher blood pressures increases the odds of slow 

gait, we additionally used the cut off of <0.6 m/s to determine if our results were 

influenced by the threshold used to define mobility impairment.  The prevalence 

of very slow gait speed (< 0.6 m/s) was 8.2% overall, and was more than twice 

as common in women (12.1%) as it was in men (5.9%).  There was no increase 

in odds of slow gait speed associated with any measure of blood pressure, heart 

rate, or number of blood pressure medications at this lower cut-point in the 

SPRINT older adult population at baseline (Table 5).   

Due to the small number of individuals with very slow gait, the power to 

detect an association was limited using this lower cut-point. 
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Future directions 

To ensure the validity of model fit, a power term will be added to the 

analyses in Chapter 2 to determine if the association between blood pressure 

components and gait speed is indeed linear.  Peripheral SBP may not be 

sufficiently discriminating to capture the age-related alterations in peripheral or 

central perfusion potentially associated with mobility.  A better measure may be 

aortic pulse wave velocity (aPWV), an estimate of large artery stiffness which is 

poorly approximated by pulse pressure.  A subset of older individuals in SPRINT 

underwent aPWV measurement and these data will be analyzed to further 

explore the association of blood pressure and gait speed.   

The number of medications and susceptibility to their side effects both 

tend to rise with increasing age, so separating the effects of the treatment from 

the disease is also important in the investigation of blood pressure and mobility.  

A separate analysis in SPRINT will examine how different classes of blood 

pressure medications are associated with gait speed, independent of blood 

pressure.   

Finally, the SPRINT study provides the opportunity to determine if 1) the 

level of blood pressure control affects mobility over time by comparing the gait 

speed of participants in the intense control group (SBP <120) vs the standard 

control group (SBP<140); and 2) whether gait speed modifies the relationship 

between the two levels of blood pressure control and cardiovascular outcomes.   
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