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Background. Although gait speed slows with age, the rate of slowing varies greatly. To date, little is known about the 

trajectories of gait speed, their correlates, and their risk for mortality in older adults.

Methods. Gait speed during a 20-m walk was measured for a period of 8 years in initially well-functioning men and 

women aged 70–79 years participating in the Health, Aging and Body Composition study. We described the trajectories 

of gait speed and examined their correlates using a group-based mixture model. Also risk associated with different gait 

speed trajectories on all-cause mortality was estimated using a Cox-proportional hazard model.

Results. Of 2,364 participants (mean age, 73.5 ± 2.9 years; 52% women), we identi�ed three gait speed trajectories: 

slow (n = 637), moderate (n = 1,209), and fast decline (n = 518). Those with fast decline slowed 0.030 m/s per year or 

2.4% per year from baseline to the last follow-up visit. Women, blacks, and participants who were obese, had limited 

knee extensor strength, and had low physical activity were more likely to have fast decline than their counterparts. 

Participants with fast decline in gait speed had a 90% greater risk of mortality than those with slow decline.

Conclusion. Despite being well-functioning at baseline, a quarter of older adults experienced fast decline in gait 

speed, which was associated with an increased risk of mortality.
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GAIT speed is a simple yet important clinical marker of 

current health and well-being and is a powerful predic-

tor of mortality in older adults (1–4). As such, gait speed 

has been proposed as a “vital sign” of overall health and 

well-being. Similar to other vital signs, gait speed changes 

with aging. Previous studies have reported that gait speed is 

relatively stable up to age 65, declines 1% per year from age 

65 to 69, and further declines to 4% per year for adults older 

than 80 years (5,6). Nevertheless, there is substantial vari-

ation in the rate of decline across individuals. At present, it 

is unclear whether change in gait speed follows distinct tra-

jectories with aging and if unique factors distinguish older 

adults who experience more rapid decline from those with 

gradual decline.

One method to quantify patterns of change in gait speed 

is to identify unique trajectory groups rather than describe 

the average change across an entire sample. This approach 

allows assessment of risk factors for different trajectory 

groups as well as examination of trajectories in relation 

to other health outcomes. Examining trajectories of gait 

speed in older adults is important as underlying patterns 

of change precede absolute values of gait speed (7). At 

present, the association of these trajectories on mortality 

in older adults is unclear. Previous studies have shown 

that initial gait speed, or “baseline” gait speed, is a strong 

predictor of survival in older adults with walking 0.1 m/s 

faster being associated with a 12% increase in survival (4). 

Nevertheless, it is unknown whether underlying rates of 
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decline (ie, trajectories) rather than one’s initial gait speed 

is associated with higher risk of mortality. Clarifying this 

issue is important since it would provide insights into the 

etiology of mortality in older adults.

The purpose of this study was to describe trajectories 

of gait speed in older adults, evaluate potential correlates 

of trajectories, and examine the risk of all-cause mortality 

associated with different trajectory patterns. We employed 

a group-based semiparametric mixture model to describe 

the trajectories of gait speed for a period of 8 years in ini-

tially well-functioning older adults using data from the 

Health, Aging and Body Composition (Health ABC) study. 

Additionally, we examined the added risk of mortality asso-

ciated with trajectories of gait speed over baseline gait speed.

Method

Sample

Health ABC is a longitudinal study of the association 

between changes in body composition and functional decline 

in initially well-functioning older adults. Details of Health 

ABC have been previously described (8). In brief, Health 

ABC consists of 3,075 community-dwelling older adults 

aged 70–79 at baseline. Participants were recruited from a 

random sample of Medicare bene�ciaries who were white 

and all-community-dwelling black residences in zip codes in 

and around Memphis, Tennessee and Pittsburgh, Pensylvania. 

Eligibility criteria included no self-reported dif�culty with 

walking one-quarter mile, climbing 10 steps, or performing 

basic activities of daily living. People with terminal cancer or 

plans to move out of the area within 3 years of the baseline 

examination were excluded. The baseline examinations took 

place between April 1997 and June 1998. All participants pro-

vided informed consent and the study protocol was approved 

by the Institutional Review Boards (IRB) of the University of 

Tennessee, Memphis and the University of Pittsburgh. This 

analysis was approved by the Boston University IRB.

Study Subsample

We used the Year 2 Health ABC visit as this study’s base-

line since serial testing of gait speed began at this visit. 

Testing of gait speed continued annually for the next 4 years 

and every 2 years for the last 4 years, resulting in a total of 

8 years of follow up. A total of 2,694 participants had gait 

speed data from the Year 2 clinic visit. Of these participants, 

2,364 (87.8%) had gait speed assessed at both Year 2 and at 

least two follow-up visits and were included in the current 

analyses (9,10).

Gait Speed

Gait speed was measured over a 20-m course in an unob-

structed corridor and was summarized in meters per second. 

Participants were instructed to walk at their usual pace from 

a starting point and walk past an orange cone indicating the 

end of the course. Timing started with the �rst step after the 

starting line and ended after the �rst step over the �nishing 

line. Participants were allowed to use walking aids during 

the test, such as a cane. Gait speed has high test–retest reli-

ability in older adults with intraclass correlation coef�cients 

greater than 0.9 (11).

Correlates of Trajectories

We evaluated the following factors as possible correlates 

of gait speed trajectories based on previous literature link-

ing them to gait speed (8,12–17). Correlates included age, 

race, sex, and education level from self-report, body mass 

index (BMI) computed from standardized weight and height 

assessments classi�ed into World Health Organization cat-

egories (18), pain in either knee in most of the last 30 days 

from self-report, the mean of three maximum isokinetic knee 

extensor torque repetitions at 60 deg/s categorized strength 

into sex-speci�c and weight adjusted tertiles, physical activ-

ity (kcal/wk spent walking) from a self-report questionnaire 

developed speci�cally for Health ABC categorized into ter-

tiles (19), and hospitalization de�ned as being a patient in a 

hospital for one or more nights within the past 12 months. 

We also counted the number of prevalent chronic conditions 

(coronary heart disease, peripheral arterial disease, stroke, 

hypertension, diabetes, and chronic obstructive pulmonary 

disease) based on self-report and use of relevant medica-

tions. Race, sex, education, and chronic conditions were 

measured from the Year 1 visit, whereas the other correlates 

were measured at the Year 2 visit, that is, our study baseline.

Statistical Analysis

We employed a group-based semiparametric mixture 

model to identify three sets of trajectories of gait speed 

(9). The �rst set described gait speed patterns for a period 

of 8 years. The second set described gait speed for a period 

of 2 years and was employed to examine the association of 

trajectories with mortality. The third set calculated separate 

trajectories for a period of 2 years strati�ed by baseline gait 

speed categories and was used to examine the association of 

trajectories with mortality within each baseline gait speed 

category. We identi�ed distinctive trajectory groups of gait 

speed using a SAS macro named PROC TRAJ (20). This 

approach applies a multinomial modeling strategy to identify 

relatively homogenous clusters of developmental trajectories 

within a sample population, that is, the modeling strategy 

allows for the emergence of more than two trajectories. 

Trajectory parameters are derived by latent class analysis 

using maximum likelihood estimation. In particular, the 

distinctive trajectories of gait speed were derived by modeling 

gait speed as a function of time, that is, the number of years 

in the study. The number of trajectories were determined by 

the patterns of change in gait speed and not forced to �t a 
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particular model. We assumed that each trajectory of gait 

speed had a linear pattern of decline. We tested this by also 

including a quadratic term, which tests for the possibility 

that change in gait speed has a curved shape (eg, faster then 

slower) and evaluated these patterns of decline from p values 

for each trajectory group. Linear but not quadratic model 

terms were statistically signi�cant (p < .05), therefore, we 

only included a linear term in our �nal models. We considered 

adjacent trajectory groups with slopes differing by more than 

10% to be unique given that this level of relative change 

is an approximation of a meaningful difference in older 

adults (21). We used the posterior probabilities of group 

membership from each individual to assess the �t of the 

model, which was provided by the PROC TRAJ macro. High 

probability of membership into a single group represents a 

good model �t. We compared the prevalence and means of 

baseline correlates across trajectory groups using chi-square 

tests or analysis of variance when appropriate and examined 

the association of correlates with each trajectory of gait speed 

using a multivariable polytomous regression model mutually 

adjusted for other correlates.

To examine the risk of mortality, we identi�ed a sec-

ond set of trajectories over the �rst 2 years (ie, gait speed 

assessed at Year 2, Year 3, and Year 4)  using the same 

methodology described previously. Person-years of fol-

low up for each participant was computed as the amount 

of time starting from the end of the gait speed trajectory 

to the date of either death or the Year 14 contact. Mortality 

rates for each trajectory group were calculated by divid-

ing the number of deaths by person-years of follow up. We 

used Kaplan–Meier methods to construct survival curves to 

determine the mortality rate for each gait speed trajectory. 

In particular, we used failure rates to calculate the cumula-

tive incidence of mortality for each gait speed trajectory. We 

�tted Cox-proportional hazards models to assess the rela-

tion of gait speed trajectories to the risk of death, adjusting 

for correlates as well as gait speed at Year 2, which would 

be considered a baseline measure of gait speed. Gait speed 

at Year 2 was treated both as a continuous and a categori-

cal correlate(>1.22 m/s, <1.22 and >1.0 m/s, and <1.0 m/s) 

in separate models. Walking 1.22 m/s is a minimum speed 

needed to cross a street at a timed crosswalk (22) and walk-

ing less than 1.0 m/s is a risk factor for mortality (2). The 

association of gait speed trajectories with mortality was also 

assessed within each stratum of these gait speed categories 

to examine the relative association of initial gait speed and 

trajectories of gait speed. For the within-stratum analyses, 

the third set of gait speed trajectory groups were de�ned 

using only observations within each baseline speed stratum.

Results

Of the 2,364 participants in the analytic cohort, 52% 

were women and 37% were black. The mean (±SD) age was 

73.5 (±2.9) years and mean BMI was 27.3 (±4.8) kg/m2 at 

study baseline. The majority (78%) of participants had at 

least a high school education and less than 20% had two or 

more comorbidities. (Table 1)

Gait Speed Trajectories for More Than 8 Years

We identi�ed three gait speed trajectories: slow, moderate, 

and fast decline. (Figure 1) The mean (±SD) gait speed for par-

ticipants in the slow decline trajectory (n = 637, 27%) started 

at 1.37 m/s (±0.13) and dropped 0.020 m/s per year (95% CI 

Table 1. Subject Characteristics

Overall  

(n = 2,364)

Slow Decline  

(n = 637)

Moderate Decline 

(n = 1,209)

Fast Decline  

(n = 518)

p Value between 

trajectory groups

Age, mean (SD; interquartile range) 73.5 (2.9; 71–76) 72.8 (2.6; 71–75) 73.5 (2.8; 71–76) 74.4 (2.9; 72–77) <.0001

Women (%) 52 37 54 67 <.0001

Black (%) 37 17 37 63 <.0001

<High school education (%) 22 11 22 36 <.0001

Number of comorbidities, mean (SD;  

interquartile range)

1.1 (1.0; 0–2) 0.8 (0.9; 0–1) 1.1 (1.0;0–2)) 1.4 (1.1;1–2) <.0001

Body mass index (BMI; kg/m2), mean (SD; 

interquartile range)

27.3 (4.8; 24.1–29.9) 25.9 (3.6; 23.5–28.1) 27.2 (4.4; 24.2–29.7) 29.2 (5.9; 24.8–32.9) <.0001

 <25 (%) 33 41 32 26

 25–29 (%) 43 46 46 32

 30–34 (%) 18 12 17 25

 >35 (%) 7 1 6 16

Knee pain in the last 30 days (%) 26 15 27 37 <.0001

Knee extensor strength [N-M/kg (SD)] 3.7 (1.3) 4.3 (1.3) 3.6 (1.2) 3.0 (1.1) <.0001

Physical activity (Kcal/kg/wk), mean (SD; 

interquartile range)

7.0 (13.7; 0–9) 10.0 (17.0; 0–13.8) 6.5 (12.5; 0–8.0) 4.2 (10.8; 0–4.5) <.0001

 Highest tertile (most active; %) 36 50 35 21

 Middle tertile (%) 25 23 26 27

 Lowest tertile (least active; %) 39 27 40 52

Hospitalization within the last 12 months (%) 13.5 12 12 20 .0003

Baseline gait speed, mean (SD; interquartile 

range)

1.15 (0.21; 1.02–1.29) 1.37 (0.13; 1.27–1.45) 1.14 (0.13; 1.06–1.22) 0.90 (0.15; 0.84–1.00) <.0001
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[−0.019, −0.022]) for an absolute decline of 1.9% per year or 

relative decline of 11.3% for a period of 8 years compared 

with baseline. In contrast, participants in the fast decline tra-

jectory (n = 518, 22%) started at 0.9 m/s (±0.15) and slowed 

at 0.030 m/s per year [−0.028, −0.033] for an absolute decline 

of 2.4% per year or a relative decline of 21.7% for a period 

of 8  years. Participants in the moderate decline trajectory 

(n = 1,209, 51%) started at 1.14 m/s (±0.13) and slowed at 

0.023 m/s per year [−0.022, −0.024] for and absolute decline 

of 2.0% per year decline or relative decline of 14.3% for a 

period of 8 years. We found the posterior probability of allo-

cating each study participant into the slow, moderate, and fast 

decline groups to be 0.94, 0.94, and 0.95, respectively, indicat-

ing a good �t of the model of group trajectories to individual 

trajectories. We found loss to follow up from the baseline to 

the eighth year of follow up, highest in the fast decline tra-

jectory (63%) followed by the moderate decline group (43%) 

and lowest in the slow decline group (21%).

Correlates of Gait Speed Trajectories for More Than 

8 Years

As shown in Table 2, all correlates were associated with 

both fast and moderate decline trajectories in gait speed 

after mutual adjustment, except for hospitalization. The 

magnitude of association was stronger for fast decline 

than for moderate decline in gait speed. For each 2-year 

increment in age, there was more than a 2- and 1.4-fold 

increase in odds of fast and moderate decline, respectively. 

Women, blacks, and participants who were obese, had 

weak knee extensor strength, and had low levels of physical 

activity were also more likely to have moderate or fast 

decline in gait speed than their counterparts.

All-Cause Mortality Across Gait Speed Trajectories for 

a Period of 2 Years

The cumulative incidence of all-cause death for a period 

of 10 years of follow up was 27%, 41%, and 56% for par-

ticipants in slow, moderate, and fast decline trajectories, 

Figure 1. Relative change* in gait speed for each 8-year trajectory, N = 2,364. Note: *Relative change was calculated as [(follow up − baseline)/baseline] for gait 

speed values. Study Year 2 was considered baseline.

Table 2. Mutually Adjusted Correlates of Gait Speed Trajectories

Fast Decline (n = 518) 

vs Slow Decline 

(n = 637) OR (95% CI)

Moderate Decline 

(n = 1209) vs Slow 

Decline (n = 637) OR 

(95% CI)

Age (per 2 years) 2 (1.7, 2.2) 1.4 (1.3, 1.6)

Women 5.7 (4, 8.2) 2.8 (2.1, 3.6)

Black 10.0 (6.7, 15.1) 3.4 (2.4, 4.8)

<High school 3.0 (1.9, 4.6) 1.7 (1.1, 2.5)

Number of comorbidities 1.7 (1.5, 2.1) 1.4 (1.2, 1.6)

BMI categories

 <25 1.0 Reference 1.0 Reference

 25–29 1.0 (0.6, 1.4) 1.2 (0.9, 1.6)

 30–34 1.8 (1.1, 3) 1.5 (1.0, 2.3)

 >35 5.8 (1.9, 17.7) 3.1 (1.1, 9.1)

 p for trend p < .0001 p < .0001

 Knee Pain 3.0 (2.0, 4.5) 2.0 (1.4, 2.8)

Knee extensor strength

 Strongest tertile 1.0 Reference 1.0 Reference

 Middle tertile 3.4 (2.2, 5.2) 1.6 (1.2, 2.2)

 Weakest tertile 7.6 (4.9, 11.9) 2.6 (1.9, 3.7)

Physical activity

 Highest tertile (most 

  active)

1.0 Reference 1.0 Reference

 Middle tertile 2.1 (1.4, 3.3) 1.3 (1.0, 1.8)

 Lowest tertile (least 

  active)

2.7 (1.8, 4.1) 1.8 (1.4, 2.5)

 Hospitalization 1.3 (0.8, 2) 0.9 (0.6, 1.4)

Note: BMI = body mass index; CI = con�dence interval; OR = odds ratio.
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respectively (Figure 2). Compared with those in the slow 

decline trajectory for a period of 2 years, participants in the 

fast and moderate decline trajectories had 1.9 (95% CI [1.3, 

2.8]) and 1.4 [1.1, 1.8] times the risk of all-cause mortality, 

respectively, after adjusting for correlates and gait speed as 

a categorical correlate. Adjusting for gait speed as a contin-

uous correlate, participants in the fast and moderate decline 

trajectories had 2.1 (95% CI [1.4, 3.1]) and 1.5 [1.2, 1.9] 

times the risk of all-cause mortality compared with those in 

the slow decline trajectory.

Risk of All-Cause Mortality by Baseline Gait Speed 

Stratums

Within each 2-year gait speed trajectory stratum, gait 

speed trajectories of fast decline were associated with all-

cause mortality (See Figure  3 and Table  3). Even among 

participants with a gait speed greater than 1.22 m/s at Year 

2, those in a trajectory of fast decline had 1.9 times the 

risk of all-cause mortality compared with those in the slow 

decline trajectory. Similar trends were observed within the 

other two strata of baseline gait speed.

Discussion

We identi�ed three distinctive gait speed trajectories 

(slow, moderate, and fast decline) for a period of 8 years 

in 2,364 older adults. Although all study participants 

were considered well-functioning at baseline, more than 

20% had fast decline in gait speed slowing 2.4% per year. 

Participants who were older, women, and black and those 

who had higher BMI, knee pain, muscular weakness, and 

low physical activity were more likely to be in a fast decline 

trajectory of gait speed than their counterparts. Participants 

with a fast decline trajectory had 1.9 and 2.1 times the risk 

of all-cause mortality compared with those in the slow 

decline trajectory, adjusting for baseline gait speed as a 

categorical and continuous correlate, respectively. Even 

among participants walking at a similar speed at baseline, 

Year 2, higher mortality was observed among those with 

fast or moderate decline compared with those with slow 

decline in gait speed.

Although gait speed itself, especially when slower than 

1.0 m/s, is a known risk factor for death (4), this study 

found that the trajectory of gait speed for a period of 2 years 

is strongly associated with subsequent mortality even after 

Figure 2. Cumulative incidence of mortality by 2-year gait speed trajectory groups.
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 TRAJECTORIES OF GAIT SPEED IN OLDER ADULTS 461

adjustment for gait speed at what would be considered a 

baseline measure. Assessing gait speed at any one point in 

time may not provide suf�cient insight regarding the risk 

of adverse outcomes, particularly when simple threshold 

values such as 1.0 m/s are applied (2). For instance, an 

individual may be on a trajectory of fast decline but 

assessed at a time before falling below 1.0 m/s. Similarly, an 

individual may chose to walk at a slow speed independent 

of health status and be on a trajectory of slow gradual 

decline, and at the same time be at low risk of poor health 

Figure 3. Strati�ed trajectories of gait speed for a period of 2 years by baseline gait speed (Year 2) groups (≥1.22 m/s, ≥1.0 m/s and <1.22 m/s, and <1.0 m/s).

Table 3. Adjusted* Hazard Ratios and 95% Con�dence Intervals (CI) for All-Cause Mortality by Trajectories Strati�ed by Baseline Gait 

Speed Categories

Baseline Trajectory (n) Number of Deaths Rate (100 Person-Years) Hazard Ratio [95% CI]

>1.22 m/s Slow decline (107) 21 2.10 1.0 REF

Moderate decline (517) 142 3.10 1.01 [0.69, 1.60]

Fast decline (201) 88 5.29 1.89 [1.11, 3.20]

>1.0 m/s and < 1.22 m/s Slow decline (164) 12 1.23 1.0 REF

Moderate decline (570) 98 2.52 1.15 [0.84, 1.58]

Fast decline (142) 43 4.22 1.70 [1.13, 2.54]

<1.0 m/s Slow decline (76) 16 2.89 1.0 REF

Moderate decline (307) 80 3.63 1.36 [0.84, 2.20]

Fast decline (74) 31 6.37 2.38 [1.41, 4.00]

Note: *Adjusted for age, sex, body mass index (BMI), comorbidities, race, knee pain, education, knee extensor strength, and physical activity.
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outcomes. Inquiring about recent change in gait speed may 

help identify older adults progressively slowing over time 

and who are subsequently at risk of poor health outcomes. 

However, slowing at a rate observed in the fast decline 

trajectory, 0.03 m/s per year, may not be readily noticed 

apart from objective longitudinal evaluations of gait speed.

We found a strong correlation between baseline gait speed 

and subsequent trajectories in gait speed. Participants who 

had an initial gait speed less than 1.0 m/s tended to show 

fast decline in gait speed over the subsequent 8 years. This 

phenomenon has also been observed in the other numerical 

quantities of physiological measures, such as blood pressure 

in adults (23) and knee cartilage loss among people with 

osteoarthritis (24). The strong correlation between an 

absolute value and the rate of change is akin to a “horse-

racing” effect; one would expect the fast horses to be out in 

front at any given time point (7). Thus, older adults with a 

slow gait speed do not “start” slowly at the beginning of a 

longitudinal study but rather were in a trajectory of fast decline 

well before the start of the study. We acknowledge that while 

Peto’s horse-racing effect was not originally applied to gait 

speed, its principle is relevant for understanding the etiology 

of trajectory patterns. Nevertheless, we believe most older 

adults who are on a trajectory of fast decline did walk faster 

earlier in life. The lower 95% con�dence interval bound 

for gait speeds of healthy adults up to their sixth decade of 

life walk is 1.1 m/s according to a meta-analysis of walking 

speed (25). Given the average baseline walking speed of 

older adults from Health ABC on a trajectory of fast decline 

was 0.9 m/s, we believe it is reasonable to assume most of 

these older adults have slowed since their fourth and �fth 

decades of life. However, we acknowledge that it is possible 

that other trajectory patterns may exist whereby adults 

decline in gait speed from their �fth and sixth decades of life 

but then plateau and remain on a stable trajectory thereafter. 

Exploring such alternative trajectory patterns was beyond 

the scope of this study, however of interest and importance 

for future research.

We believe that although differences in rates of decline 

per year between trajectory groups were small, they are 

nonetheless important. First, the rate of decline in each 

trajectory group represented the mean or average change 

among all group participants and therefore should not be 

interpreted as an individual’s speci�c change. Second, the 

consequence of the different trajectory patterns becomes 

greater over time. Assuming all study participants started 

with the same initial gait speed at some point prior to enroll-

ment in the study, the slight but different underlying trajec-

tory patterns have resulted in more apparent differences in 

their gait speeds at study entry and over follow up. Hence, 

the average difference in slopes of decline, although small, 

is of importance.

We found that several modi�able correlates of gait speed 

trajectories, such as knee extensor strength, knee pain, phys-

ical activity, and BMI. For instance, muscular weakness 

was associated with 8 times the odds of fast decline in gait 

speed. Previous studies have shown that strength training 

has modest effects on increasing gait speed in older adults 

(26,27). Improving upon these modi�able factors may be 

able to shift a trajectory of gait speed toward slower decline. 

Similarly, intervention to reduce knee pain and obesity 

may slow the rate of decline in gait speed. However, future 

research is needed to further investigate these relationships 

in the context of clinical trials.

Our study has several clinical implications. Clinicians 

should measure gait speed when possible and consider 

an older adult’s underlying trajectory of gait speed to 

assess future health outcomes. Hardy and colleagues (28) 

previously reported the association of improvement of gait 

speed with better survival in older adults. Our study adds 

that a trajectory of rapid decline is associated with a higher 

risk of mortality compared with those with slow decline. 

Therefore, clinicians may consider that change in gait 

speed is indeed important and that the underlying trajectory 

of gait speed may provide additional information about 

future health risk in addition to their present gait speed (4). 

For instance, our �ndings suggest that even among older 

adults with a similar gait speed at a given time point, it is 

the overall trajectory path that is relevant for survival in 

older adults. In other words, the patient on a trajectory of 

decline is at higher risk of mortality compared with his/

her counterparts who have the same gait speed but are 

on a more stable trajectory. We acknowledge that the use 

of trajectories collected over annual visits may have less 

clinical utility compared with using a single baseline gait 

speed when attempting to predict the risk of mortality in 

older adults. However, given our study �ndings, we believe 

that if a decline in gait speed is noted over shorter intervals 

of time, such change is likely to be a risk factor for future 

poor health outcomes and clinicians may consider referral 

to rehabilitation to increase gait speed (29) and possibly 

alter the underlying trajectory pattern of decline. These 

�ndings provide greater understanding that gait speed 

at any given time is largely determined by the trajectory 

of gait speed change. In the same manner, our �ndings 

suggest that the preservation of gait speed may be more 

bene�cial if promoted earlier rather than later in older 

adulthood before decline takes hold. This is based on the 

hypothesis that older adults had healthy walking speeds in 

their sixties in general tended to have little or no decline in 

gait speed through their seventies. A recent meta-analysis 

of gait speed among nondiseased older adults reported 

men and women between the ages of 60–69 years walked 

at 1.33 and 1.24 m/s, respectively (25). Study participants 

from Health ABC walking at these speeds at the start of 

the study were more likely to be in a slow rather than 

fast decline trajectory. Therefore, clinicians may consider 

promoting the preservation of gait speed earlier in the aging 

process, for example, in the sixth decade of life, rather than 

starting to address gait speed in later decades. This can be 
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accomplished through a healthy lifestyle such as adhering 

to physical activity guidelines for aerobic and strengthening 

components of �tness (30) as well as maintaining a healthy 

weight (31).

There are several strengths to this study. First, the data 

were collected from a large study that systematically 

assessed gait speed for a period of 8 years and this sample 

provided suf�cient numbers and follow-up time to describe 

trajectories of gait speed. These data are important as they 

provide a means to describe the natural history of change 

in gait speed in healthy older adults. Second, we employed 

a novel methodology to describe change in gait speed over 

time. Previous longitudinal studies have charted the indi-

vidual variability of gait speed around a mean population 

trend (32–35). A  limitation to this approach is that mean-

ingful subgroups of change that follow a distinct trajectory 

cannot be identi�ed (9). We employed a group-based analy-

sis that differs from growth curve modeling with regards to 

the underlying assumptions of the distribution of trajectories 

in the population. Growth curve modeling assumes that the 

population distribution of trajectories is continuous and nor-

mally distributed. In contrast, a group-based analysis allows 

for the emergence of distinct trajectories of gait speed and 

affords the ability to investigate unique patterns within a 

sample instead of assuming a common rate of decline.

Our study has some limitations that should be acknowl-

edged. First, there was differential loss to follow up due 

between the 8-year trajectory groups, for example, mobility 

disability or death for the three gait speed trajectories with 

the fast decline group experiencing the most loss to follow 

up from the baseline to the eighth year of follow up. This 

could possibly bias the gait speed trajectories observed in 

the study with more participants missing in the fast decline 

trajectory than the slow decline group. Nevertheless, given 

that gait speed is slowest just prior to functional limitation 

or death, our estimates of absolute and relative change in 

speed within trajectory groups are likely to be underesti-

mated. Moreover, mortality was the outcome of interest in 

the survival analyses, hence loss to follow up due to death 

would not bias the study �ndings. Second, we only exam-

ined gait speed trajectories over one distance, 20 m, which 

may limit the generalizability of our �ndings to gait speeds 

taken at shorter and longer walking distances. Third, we 

did not adjust for depressive symptoms since only 4% of 

study participants had major depressive symptoms. We re-

ran study analyses adjusting for depressive symptoms and 

found similar results. Fourth, we did not examine the effects 

of intercurrent events, such as hospitalization or illness, 

occurring within follow-up periods. We believe understand-

ing how such events alters trajectory patterns is important 

and needed for study in future research.

In conclusion, we found three distinctive gait speed tra-

jectories in initially well-functioning older adults. One �fth 

of well-functioning older adults had a fast decline trajectory 

of gait speed and had a twofold increased risk of all-cause 

mortality compared with those on a slow decline trajectory. 

Correlates of fast decline included modi�able character-

istics, such as knee strength, pain, and BMI. Even among 

study participants with similar baseline gait speeds, those 

on a fast decline trajectory of gait speed had the highest 

risk of all-cause mortality. Future studies should evaluate 

if early intervention for those older adults who do not yet 

walk slowly but exhibit a trajectory of fast decline can suc-

cessfully avoid or slow the rate of further decline.
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