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AGE-RELATED decline in physical function represents 

a major public health concern as it infringes on the 

ability to live independently. Difficulty in walking is a critical 

stage in this process (Ferrucci et al., 2000). Poor walking 

performance increases with aging even in healthy older 

adults (Himann, Cunningham, Rechnitzer, & Paterson, 1988) 

and indicates depletion of functional reserve and failure of 

compensatory mechanisms (Chou & Draganich, 1997) 

often in the context of frailty (Fried, 1992). Mobility is thus 

a critical aspect of functioning in old age (Ferrucci et al., 

2000) that promotes physical, social (Simonsick, Kasper, & 

Phillips, 1998), and psychological well-being (Penninx et 

al., 1998). Physical function and mobility in particular rep-

resent in older persons global measures of health status that 

are more valid and predictive of negative health outcomes 

compared with more traditional measures such as disease 

nosology and biomarkers. In fact, poor lower extremity per-

formance is a strong and robust risk factor for incident dis-

ability, hospitalization, institutionalization, and mortality 

independent of potential confounders (Gill, Williams, & 

Tinetti, 1995; Guralnik et al., 1994; Newman et al., 2006).

Interestingly, the prognostic value of walking speed is 

best captured by simple tests performed at self-selected 

pace. A preferred walking speed of less than 1 m/s, for ex-

ample, already identifies older individuals at risk for health-

related outcomes (Cesari et al., 2005). Walking speed is 

superior to other measures (i.e., self-report, clinical evalua-

tion) in terms of characterizing older individuals with vary-

ing degrees of lower extremity function (Guralnik et al., 

1994) and is now measured as part of clinical assessment of 

older persons as a tool for screening persons most likely to 

benefit from interventions of disability prevention.

However, the mechanism by which walking speed is such 

a powerful measure of health status is not understood. 

Chronic medical conditions; impairments such as muscle 

weakness, poor vision, and poor cognition; and behavioral 

and physiological factors have been independently associ-

ated with slower gait (Bootsma-van der Wiel et al., 2002; 

Brach et al., 2003; Volpato et al., 2008). Despite the numer-

ous studies examining correlates of gait speed, some impor-

tant gaps remain in understanding patterns of decline over 

the life span as well as factors likely to influence these pat-

terns. For example, it may be hypothesized that certain 

personality characteristics are associated with specific 

motor behaviors and attitudes known to affect performance 

early in life but also influence performance maintenance 

over the life span. Such behaviors include physical activity, 

smoking, abusive alcohol consumption, and unhealthy diet 
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The goals of this cross-sectional study were to explore correlates of walking speed in a large wide age-ranged 

population and to identify factors affecting lower walking speed at older ages. Participants were 3,872 community-

dwelling adults in the first follow-up of the SardiNIA study who completed a 4-m walking test. Sex-specific cor-

relates of walking speed included marital status, height, waist circumference, pulse wave velocity, comorbidity, 

subjective health, strength, and personality. Effect modifiers of the age–walking speed association included extra-

version (<55 years, p = .019) and education (<55 years, p = .021; ≥55 years, p = .012) in women, and openness (<55 

years, p = .005), waist circumference (<55 years, p = .010), and subjective health (<55 years, p = .014) in men. The 

strong impact of personality suggests that certain personality traits may be associated with behaviors that affect 

physical performance and condition the reduced mobility mostly at younger ages. If these patterns are confirmed 

in longitudinal studies, personality may be an important target for prevention.
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(Bogg & Roberts, 2004; Booth-Kewley & Vickers, 1994) 

and have been linked to personality via different mechanisms 

including biological (e.g., dopaminergic and serotonergic 

neurotransmission), social (e.g., sensation seeking, socia-

bility, and conventionality), affective (e.g., control of nega-

tive affect), and genetic (Donovan, Jessor, & Costa, 1991; 

Eysenck, Grossarth-Maticek, & Everitt, 1991).

In addition to health behaviors, psychophysiological/

emotional reactions could constitute a secondary mecha-

nism potentially explaining the association between person-

ality and walking speed (Friedman, 2000). Increased levels 

of chronic inflammation with aging have been reported and 

linked to poor physical performance (Cesari et al., 2004) 

and functional decline possibly through an effect on muscle 

atrophy and/or a pathophysiological role in certain chronic 

conditions (Ferrucci et al., 1999); they are also linked to 

certain personality traits (e.g., hostility; Marsland, Prather, 

Petersen, Cohen, & Manuck, 2008).

Studies that reported on the relationship between personality 

and disability suggest that individual differences in personality 

traits (e.g., anxiety, neuroticism, mastery, extraversion, and 

conscientiousness) play an instrumental role in self-reported 

and performance-based functional status (Friedman, 2000; 

Krueger, Wilson, Shah, Tang, & Bennett, 2006). Yet, although 

psychological factors had been related to mobility, they were 

limited to positive affect (Lord & Menz, 2002; Ostir, Markides, 

Black, & Goodwin, 2000), although a new taxonomy of per-

sonality has gained wide acceptance (McCrae & Costa, 1987).

In this study, we explored correlates of walking speed and 

identified factors that modify the patterns of walking speed 

with higher age in a large wide age-ranged sample of male and 

female participants in the SardiNIA study. Moreover, the 

study investigates a multitude of correlates of walking speed, 

including personality, which, through different health-related 

behaviors, could affect gait changes during the aging process.

Methods

Study Participants

The SardiNIA project is an ongoing observational study 

initiated in 2001 in the Ogliastra province of Sardinia to 

explore the genetic contribution to different age-related 

phenotypes, with a focus on cardiovascular risk factors and 

personality traits. Study design and rationale, presented 

elsewhere (Pilia et al., 2006), were approved by the National 

Institute on Aging and relevant institutional review boards, 

and written informed consents were obtained from the par-

ticipants. Briefly, residents of four towns in the Ogliastra 

province aged older than 14 and their family were invited to 

participate in the study. Approximately 62% of the entire 

population in the targeted age range joined the study, yield-

ing a baseline sample of 6,191 participants, of which 3,891 

(63%) participated 3 years later in a follow-up evaluation, 

which included for the first time a test of walking speed.

Measures

Length divided by time to complete a 4-m course at usual 

pace was used to compute walking speed (m/s), our outcome 

measure. Instructions including demonstrations on the test 

were provided prior to testing and assistive devices allowed 

when necessary. The participants, who wore comfortable cloth-

ing and shoes, were positioned behind a marked starting line 

and instructed to start walking when prompted. The finish line 

was not marked to prevent slowing down at the end of the 

course. The time was recorded using a chronometer. The 4-m 

walking test had been previously reported to be a highly reli-

able (Ferrucci et al., 1996; Rolland et al., 2004) and an accurate 

and practical instrument for screening large populations for 

mobility limitations (Rolland et al., 2004). Based on an 

extensive literature review, the following variables potentially 

associated with walking speed were selected. Self-reported 

sociodemographic characteristics included age, sex, education, 

and marital status. Anthropometrical variables included waist 

circumference (girth) and height. Personality was measured 

using the revised NEO Personality Inventory, which has high 

internal consistency and test–retest reliability both in the 

English version (Costa & McCrae, 1992) and in the Italian 

translation (Terracciano, 2003). Domain and facet scores for 

neuroticism, extraversion, openness, agreeableness, and con-

scientiousness were used in this study as continuous variables. 

Behavioral risk factors included self-reported moderate ac-

tivity (min/week), walking (min/week), and smoking. Risk 

factors for cardiovascular disease included blood pressure 

measured supinely three times (average of last two measure-

ments used), lipid levels (total cholesterol, high-density lipo-

proteins cholesterol, and triglycerides) from fasting blood 

samples, and pulse wave velocity (PWV), a marker of arterial 

stiffness measured via time delay of the pulse propagation be-

tween carotid and femoral sites. Disease-related variables 

included self-reported health (1 = poor/average; 2 = good/very 

good; and 3 = excellent health), depression, anxiety, other 

major chronic conditions (self-reported angina, myocardial 

infarction, stroke, arthritis, asthma, cancer, eye disease, and 

diabetes [measured by a combination of fasting glucose ≥126 

mg/dl, diagnosis, or use of antidiabetic drugs]), as well as 

self-reported number of medications. Handgrip strength 

was measured by asking the participants to squeeze a dyna-

mometer (Jamar hydraulic hand dynamometer; Sammons 

Preston Corp., Bolingbrook, IL) with maximum strength three 

times with each hand; the average of the two hands was 

used in the analysis. The Mini-Mental State Examination 

(MMSE) score (Folstein, Folstein, & McHugh, 1975), a 

measure of cognitive status, was used as a continuous vari-

able. A log transformation was used to obtain more normally 

distributed triglyceride, PWV, and physical activity values.

Data Analysis

Statistical analyses were stratified by sex due to sex dif-

ferences in gait speed. Initial inspection showed a nonlinear 
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age–walking speed relationship. Therefore, using spline re-

gression analysis, bivariate and multivariate models were 

run to identify factors that correlated with walking speed 

without and with adjustment for other factors. To explore 

the correlates of walking speed, factors significantly associ-

ated with walking speed in bivariate analysis were added to 

an initial multivariate model, which was then reduced to a 

parsimonious model by manually selecting out insignificant 

terms (Model 1). Due to the large number of correlates be-

ing tested at the bivariate level, a Bonferroni correction was 

applied, leading to a p level of ≤.002 being used to indicate 

significance at this level. To identify effect modifiers of the 

age-related patterns of walking speed, all significant corre-

lates in bivariate analyses were tested for their interaction 

with age, controlling for Model 1 covariates. Two factors 

were identified as significant (p < .05) modifiers in women 

and three in men, and analyses concerning them are pre-

sented separately (Models 2–4). Associations between 

walking speed and age are presented as slopes per decade of 

age. Statistical analyses were carried out using SAS version 

9.1 (SAS Institute, Cary, NC) software package.

Results

Sample Characteristics

The analytical sample consisted of 3,872 (59% women) 

participants representing 62.5% of the baseline sample with 

valid data on the 4-m walking test. Participants were on 

average 48 years old (age range: 18–98 years), with men 

slightly but significantly older than women. Collectively, 

the prevalence of social (except being married), behavioral 

(except smoking), and biological risk factors increased with 

age and differed by sex (Table 1). Compared with women, 

men were taller and thicker, had stronger muscles, rated 

their health higher, and walked more for exercise. However, 

they were also more likely to be uneducated, to smoke, and 

to have higher blood pressure and triglyceride levels. 

Women tended to report higher levels of neuroticism, open-

ness, and agreeableness. In terms of usual walking speed, 

women walked on average with a speed of 1.05 m/s (SD = 

0.24, median = 1.05, interquartile range = 0.90–1.21), 

whereas men had a speed of 1.14 m/s (SD = 0.23, median = 

1.13, interquartile range = 0.99–1.29).

Correlates of Walking Speed

As expected given the wide age range, the association 

between age and walking speed was not linear. In both 

sexes, walking speed did not differ across the younger age-

groups, but reduced speed was evident for older age-groups 

beginning around 50–55 years (Figure 1a). To determine a 

more exact inflection point at which the age–walking speed 

association departs from linearity, we conducted a sensitivity 

analysis testing every age from 35 to 80 years as such in-

flector. This was done by comparing models with inflection 

points set at different ages in terms of their goodness of fit 

based on the deviance criterion. The results of the sensitivity 

analysis indicated age 55 as the best inflection point for 

both sexes. Therefore, all subsequent analyses, bivariate 

and multivariate, were conducted with spline regression 

models with one inflection point set at the age of 55. Gener-

ally, women walked slower than men at every age, with 

more marked differences after age 55, and older women 

walked slower than younger women.

Bivariate analysis.—Among those younger than 55 years, 

age was negatively associated with walking speed, and 

women walked slower than men. After the age of 55, the 

negative association between age and walking speed was 

even more pronounced, but patterns in men and women 

were not substantially different (Tables 2 and 3). Besides 

age, being married (men only), waist circumference, agree-

ableness, conscientiousness (women only), blood pressure, 

cholesterol (women only), triglycerides (women only), 

PWV, depression (women only), comorbidity, and number 

of medications were also negatively associated with walk-

ing speed. Positive correlates of walking speed included 

education, height, extraversion, openness, subjective 

health, handgrip strength, and MMSE score in both sexes. 

Unexpectedly, among women, smoking was positively and 

physical activity negatively associated with walking speed.

Multivariate analysis.—Results of the multivariate  

regression analysis are also presented in Tables 2 and 3. 

Model 1 represents the most parsimonious set of correlates 

of walking speed, controlling for the effect of other signifi-

cant factors. Age was negatively associated with walking 

speed only among women younger than 55 years (p = .017) 

but in both sex groups among those aged 55 years or older (p < 

.001). It is worth noting that after adjusting for other covari-

ates, the size of these coefficients was reduced in half 

(bivariate vs. model 1). Taller stature and better subjective 

health were independently associated with faster walking 

speed in both sex groups after adjusting for other covariates. 

Also, higher extraversion, higher openness, lower PWV, 

absence of comorbidity, and higher handgrip strength re-

mained significantly associated with faster walking speed in 

women. Married, less agreeable, and stronger men were 

more likely to walk faster. Of note, handgrip strength was 

nonlinearly associated with walking speed in men (Table 3) 

but not in women, as illustrated by the insignificant qua-

dratic terms (Model 1, Table 2) and in Figure 1b.

Effect Modifiers

Extraversion and education in women and openness, 

waist circumference, and subjective health in men signifi-

cantly modified the age–walking speed relationship after 

adjustment for covariates in Model 1. The significant inter-

action terms with age are presented in Tables 2 and 3. The 
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individual effect of these modifiers can be observed in 

Models 2–4 separately for each factor and in a graphical 

form in Figure 1c and d for women and in Figure 1e–g for 

men. Because extraversion, openness, and waist circumfer-

ence were analyzed as continuous variables, their interac-

tion with age is summarized graphically as estimates for the 

lowest, intermediate (median), and highest scores.

In women with the highest extraversion score, estimated 

walking speed was the same for those aged 18–54 years 

(p = .675) compared with women with intermediate (p < 

.001) and lowest extraversion (p < .001) scores, who walked 

more slowly across older age-groups; differences between 

them were statistically significant (Table 4). However, in 

women aged 55 years and older, there were no significant 

differences among the three groups. The highly educated 

group did not differ in walking speed among those younger 

than 55 years, but walking speed decreased across increas-

ingly older groups (p < .001). In contrast, women with low 

education walked slower with higher age both before the in-

flection point (p < .001) and after (p < .001), although the 

latter association was weaker than in the high-education 

group. Differences between low- and high-education groups 

were statistically significant both among women younger 

than 55 years and among those 55 years and older (Table 4).

In similar analyses, the association of age with walking 

speed differed by openness score among men. Among 

Figure 1. Patterns of walking speed from ages 18 to 100 according to gender (a); education (c), and extraversion (d) among women; and waist circumference 

(e), openness (f), and subjective health (g) among men. (b) The association between walking speed and muscle strength according to gender.
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those younger than 55 years, lower openness score was 

associated with slower speed (p = .003); differences were 

statistically significant (Table 4). However, although these 

associations seem to flip in those aged 55 years and older, 

differences between openness groups were not statistically sig-

nificant. Moreover, among those younger than 55 years, indi-

viduals with the highest girth walked significantly slower with 

higher age, compared with those with smaller girth who were 

more stable, whereas a reverse in direction was noted among 

those aged 55 years and older. Differences among these three 

categories of girth were significant only among individuals 

younger than 55 years (Table 4). Also, poor subjective health 

was associated with slower speed in those younger than 55 

years, whereas among those aged 55 years and older, the 

group rating their subjective health as excellent seemed to 

experience the slowest speed. Similarly, differences be-

tween groups were significant only among those younger 

than 55 years and not among those aged 55 years and older.

However, it should be noted that for the most part, the 

magnitude of the effect of these modifiers was relatively 

low. Nonetheless, the significance of the interaction terms 

along with smaller deviances for the models that include the 

interaction terms as compared with the reduced model 

(Model 1) is a reasonable indication that these factors syn-

ergistically interact with age to affect walking speed beyond 

their individual effects.

Discussion

In this cohort of Sardinians aged 18 years and older, we 

found that correlates of walking speed previously reported 

for older individuals exert their effects at younger ages as 

well. Beyond the traditional correlates of walking speed, we 

found a clear predictive association between personality 

characteristics and walking speed, a relationship little 

explored previously. Our study is also one of the few to 

Table 2. Independent Correlates of Walking Speed and Effect Modifiers of the Age–Walking Speed Association Among Women

Correlates Bivariate analysis, b (p value)

Multivariate analysis, b (p value)

Model 1 Model 2 Model 3

Age pre-55 −.045 (<.001) −.016 (.017) −.081 (.002) −.025 (.001)

Age post-55 −.128 (<.001) −.063 (<.001) .017 (.792) −.044 (.002)

Education (high vs. low) .134 (<.001) — — −.086 (.038)

Married (vs. unmarried) −.023 (.027) — — —

Height (cm) .013 (<.001) .004 (<.001) .004 (<.001) .004 (<.001)

Waist circumference (cm) −.006 (<.001) −.001 (.045) −.001 (.054) −.001 (.070)

Neuroticism −.002 (.006) — — —

Extraversion .005 (<.001) .001 (.039) −.004 (.036) .001 (.036)

Openness .007 (<.0001) .002 (<.001) .002 (<.001) .002 (.001)

Agreeableness −.004 (<.001) — — —

Conscientiousness −.002 (<.001) — — —

Systolic blood pressure (mmHg) −.004 (<.001) — — —

Diastolic blood pressure (mmHg) −.005 (<.001) — — —

Cholesterol (mg/dl) −.001 (<.001) — — —

HDL (mg/dl) .001 (.005) — — —

Triglycerides (log) −.076 (<.001) — — —

PWV (log) −.350 (<.001) −.056 (.027) −.058 (.021) −.051 (.044)

Moderate activity (log) −.018 (.002) — — —

Walking activity (log) −.011 (.019) — — —

Smoker (vs. nonsmoker) .079 (<.001) — — —

Subjective health .117 (<.001) .040 (<.001) .040 (<.001) .041 (<.001)

Depression −.080 (<.001) — — —

Anxiety −.050 (.028) — — —

At least 2 other major conditions (yes vs. no) −.227 (<.001) −.043 (.007) −.044 (.006) −.043 (.007)

Number of meds −.191 (<.001) — — —

Handgrip strength .025 (<.001) .002 (.041) .001 (.079) .002 (.049)

Handgrip strength (quadratic term) −.0003 (.002) — — —

MMSE score .015 (<.001) — — —

Extraversion × Age Pre-55 — — .001 (.010) —

Extraversion × Age Post-55 — — −.002 (.258) —

Education × Age Pre-55 — — — .026 (.014)

Education × Age Post-55 — — — −.072 (.006)

Deviance — 72.32 72.01 71.97

Notes: Age pre-55 and age post-55 indicate the effect of age on walking speed among those younger than 55 years and those aged 55 years and older, respectively. 

Only variables significant at p ≤ .002 were considered significant and entered in the multivariate analysis. Model 1: obtained by reducing the full model of correlates 

of walking speed significant at p ≤ .002 in the bivariate analysis. Model 2: Model 1 + interaction terms between extraversion and age. Model 3: Model 1 + interaction 

terms between education and age. Note that only effect modifiers that contributed significantly to the model fit are reflected in this table. Due to the spline regression 

analysis design, the actual estimates for the age–walking speed association among those aged 55 years and older require summation of the slopes before and after the 

inflection (presented in Table 4). MMSE = Mini-Mental State Examination; HDL = high-density lipoprotein; PWV = pulse wave velocity.
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explore effect modifiers of the age–walking speed associa-

tion in a wide-aged population. For example, Callisaya, 

Blizzard, Schmidt, McGinley, and Srikanth (2008) reported 

that in older individuals, the patterns of walking speed with 

higher age differs by sex, being linear in men but curvilinear 

in women. We found that women and men differ in terms of 

patterns of walking speed with higher ages not only in late 

life but also at younger ages. Our findings also suggest that 

education influences walking speed in both young and old 

adulthood, whereas other factors such as waist circumfer-

ence, subjective health, and personality appear to be impor-

tant only early in life.

Most studies of walking speed conducted in older sam-

ples have described a linear pattern of slower walking speed 

with increasing age (Escalante, Lichtenstein, & Hazuda, 

2001), patterns that differ by sex (Callisaya et al., 2008). In 

line with other studies encompassing a broader age range 

(Bohannon, 1997), we found a curvilinear association 

between walking speed and age, the pattern of slower walk-

ing speed with higher age being more pronounced in old 

age. Age 55 as the inflection is in line with some reports 

(Bohannon, Andrews, & Thomas, 1996) but about 10 years 

sooner than in another (Himann et al., 1988).

Several correlates of walking speed were identified in 

this study. Taller stature probably because of longer strides 

(Escalante et al., 2001) and better subjective health, which 

might reflect fewer underlying medical conditions (Lord & 

Menz, 2002), were positive correlates in both sex groups. 

Additionally, men who were married or had higher handgrip 

strength, used in our study as a proxy for muscle strength 

Table 3. Independent Correlates of Walking Speed and Effect Modifiers of the Age–Walking Speed Association Among Men

Correlates

Bivariate analysis,  

b (p value)

Multivariate analysis

Model 1, b (p value) Model 2, b (p value) Model 3, b (p value) Model 4, b (p value)

Age pre-55 −.013 (.029) −.008 (.365) −.096 (.003) .139 (.017) −.037 (.011)

Age post-55 −.121 (<.001) −.074 (<.001) .064 (.357) −.332 (.023) −.031 (.243)

Education (high vs. low) .084 (<.001) — — — —

Married (vs. unmarried) −.067 (<.001) .035 (.043) .036 (.038) .032 (.062) .035 (.041)

Height .009 (<.001) .004 (<.001) .003 (.001) .004 (<.001) .004 (<.001)

Waist circumference (cm) −.003 (<.001) — — .006 (.017) —

Neuroticism −.003 (.006) — — — —

Extraversion .004 (<.001) — — — —

Openness .004 (<.001) — −.007 (.017) — —

Agreeableness −.005 (<.001) −.001 (.048) −.001 (.059) −.002 (.033) −.001 (.040)

Conscientiousness −.0001 (.907) — — — —

Systolic blood pressure (mmHg) −.003 (<.001) — — — —

Diastolic blood pressure (mmHg) −.001 (.014) — — — —

Cholesterol (mg/dl) −.0003 (.063) — — — —

HDL (mg/dl) −.001 (.011) — — — —

Triglycerides (log) −.004 (.658) — — — —

PWV (log) −.236 (<.001) — — — —

Moderate activity (log) .003 (.724) — — — —

Walking activity (log) −.004 (.401) — — — —

Smoker (vs. nonsmoker) .040 (.002) — — — —

Subjective health .093 (<.001) .037 (.001) .035 (.001) .036 (.001) −.072 (.095)

Depression −.095 (.019) — — — —

Anxiety −.056 (.519) — — — —

At least 2 other chronic conditions  

 (yes vs. no)

−.160 (<.001) — — — —

Number of meds −.155 (<.001) — — — —

Handgrip strength .027 (<.001) .010 (.001) .010 (.002) .011 (.001) .010 (.001)

Handgrip strength (quadratic term) −.0002 (<.001) −.0001 (.005) −.0001 (.006) −.0001 (.003) −.0001 (.004)

MMSE score .014 (<.001) — — — —

Openness × Age Pre-55 — — .002 (.005) — —

Openness × Age Post-55 — — −.003 (.059) — —

Waist × Age Pre-55 — — — −.002 (.010) —

Waist × Age Post-55 — — — .003 (.065) —

Subjective Health × Age Pre-55 .026 (.014)

Subjective health × Age Post-55 −.040 (.096)

Deviance — 58.83 58.37 58.49 58.53

Notes: Age pre-55 and age post-55 indicate the effect of age on walking speed among those younger than 55 years and those aged 55 years and older, respectively. 

Only variables significant at p ≤ .002 were considered significant and entered in the multivariate analysis. Model 1: obtained by reducing the full model of correlates 

of walking speed significant at p ≤ .002 in the bivariate analysis. Model 2: Model 1 + interaction terms between openness and age. Model 3: Model 1 + interaction 

terms between waist circumference and age. Model 4: Model 1 + interaction terms between subjective health and age. Note that only effect modifiers that contributed 

significantly to the model fit are reflected in this table. Due to the spline regression analysis design, the actual estimates for the age–walking speed association among 

those aged 55 years and older require summation of the slopes before and after the inflection (presented in Table 4). MMSE = Mini-Mental State Examination;  

HDL = high-density lipoprotein; PWV = pulse wave velocity.
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(Rantanen, Era, & Heikkinen, 1994), and women who had 

smaller waist circumference, had no other major comorbid-

ities, or had lower PWV (log) walked faster. The association 

with marital status might reflect the propensity of married 

men to engage in health-promoting behaviors such as good 

nutritional health (Locher et al., 2005) and higher leisure-

time physical activity (Hughes, McDowell, & Brody, 2008), 

with a positive effect on their walking speed. The observed 

relationship between handgrip strength and walking speed, 

which echoes other reports on walking performance (Bootsma-

van der Wiel et al., 2002), was curvilinear, suggesting that 

after a certain threshold, additional increases in hand 

strength are not associated with further increases in walking 

speed (Buchner, Larson, Wagner, Koepsell, & de Lateur, 

1996). However, we could not demonstrate a significant 

departure from linearity in the relationship between 

strength and walking speed in women (Figure 1b), explained 

by the fact that very few women in our study had very high 

handgrip strength.

The association between comorbidity and walking speed, 

consistent with other reports (Cesari et al., 2006), can be 

explained via impairment of different types such as poor 

muscle strength or impaired circulation or cardiovascular 

function (Verbrugge & Jette, 1994). Increased arterial stiff-

ness might be related to slower walking speed via microvas-

cular and conduit artery dysfunction (Malik, Kondragunta, & 

Kullo, 2008) and other consequences of increased arterial 

stiffness such as increased systolic blood pressure and 

reduced diastolic blood pressure (Amoh-Tonto, Malik, 

Kondragunta, Ali & Kullo, 2009), which may have a 

negative effect on exercise capacity. However, it could also 

be that lower walking speed might indicate poor health sta-

tus leading to decreased physical activity and, subsequently, 

arterial stiffness. Higher PWV had been previously associ-

ated with reduced walking distance among patients with 

suspected peripheral artery disease (Amoh-Tonto et al., 2009).

Our findings of an independent effect of personality traits 

on walking speed are particularly interesting. Despite 

Table 4. Actual Estimates of the Association Between Walking Speed and Age According to Different Categories (i.e., education) or Scores 

(i.e., extraversion, girth, and openness) of Effect Modifiers

Women Men

<55 years ≥55 years <55 years ≥55 years

b 95% CI b 95% CI b 95% CI b 95% CI

Individual estimates

 Low education −.025 −0.040 to −0.010 −.069 −0.089 to −0.048 — — — —

 High education −.002 −0.016 to 0.019 −.115 −0.149 to −0.080 — — — —

 Lowest extraversion −.056 −0.089 to −0.023 −.069 −0.125 to −0.012 — — — —

 Median extraversion −.018 −0.030 to −0.005 −.076 −0.096 to −0.055 — — — —

 Highest extraversion .022 −0.009 to 0.053 −.083 −0.155 to −0.011 — — —

 Lowest girth — — — — .035 −0.003 to 0.073 −.116 −0.188 to −0.044

 Median girth — — — — −.012 −0.031 to 0.007 −.081 −0.104 to −0.059

 Highest girth — — — — −.080 −0.139 to −0.022 −.031 −0.116 to 0.055

 Lowest openness — — — — −.062 −0.103 to −0.022 −.051 −0.106 to 0.004

 Median openness — — — — −.012 −0.029 to 0.005 −.079 −0.101 to −0.057

 Highest openness — — — — .065 0.010 to 0.120 −.122 −0.215 to −0.028

 Poor subjective health — — — — −.037 −0.065 to −0.008 −.068 −0.099 to −0.036

 Good subjective health — — — — −.011 −0.028 to 0.007 −.082 −0.105 to −0.059

 Excellent subjective health — — — — .015 −0.011 to 0.041 −.096 −0.142 to −0.050

Differences between groups of moderators

 High vs. low education .026 0.005 to 0.047 −.046 −0.083 to −0.009 — — — —

 Highest vs. lowest extraversion .078 0.019 to 0.138 −.015 −0.137 to 0.107 — — — —

 Highest vs. median extraversion .040 0.009 to 0.070 −.007 −0.069 to 0.055 — — — —

 Median vs. lowest extraversion .038 0.009 to 0.068 −.007 −0.067 to 0.053 — — — —

 Highest vs. lowest girth — — — — −.115 −0.203 to −0.027 .085 −0.066 to 0.236

 Highest vs. median girth — — — — −.068 −0.120 to −0.016 .051 −0.039 to 0.140

 Median vs. lowest girth — — — — −.047 −0.083 to −0.011 .035 −0.027 to 0.097

 Highest vs. lowest openness — — — — .127 0.038 to 0.216 −.071 −0.212 to 0.071

 Highest vs. median openness — — — — .076 0.023 to 0.130 −.042 −0.128 to 0.043

 Median vs. lowest openness — — — — .051 0.015 to 0.086 −.028 −0.085 to 0.028

 Excellent vs. poor health — — — — .052 0.011 to 0.093 .028 −0.093 to 0.036

 Excellent vs. good health — — — — .026 0.005 to 0.047 −.014 −0.046 to 0.018

 Good vs. poor health — — — — .026 0.005 to 0.047 −.014 −0.046 to 0.018

Notes: This table presents estimates of the association between age and walking speed for women and men aged 18–54 years and 55 years and older according to 

their level of education and subjective health, and for different scores of extraversion, girth, and openness. It also compares estimates for different groups and scores. 

For example, the individual estimate for low-educated women was −0.035 m/s per decade for those younger than 55 years (obtained from Table 2, Model 2) and was 

significantly different from 0 as indicated by the 95% CI (−0.048 to −0.021), which can be interpreted as a significant association between age and walking speed in 

this group. Additionally, the estimate of 0.027 m/s per decade along with its 95% CI indicate that before age 55, the estimates for the high-education (−0.008 m/s) and 

the low-education (−0.035 m/s) groups were significantly different among women in that age range. CI = confidence interval.
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evidence that personality is associated with certain chronic 

diseases (e.g., cardiovascular disease, depression) and with 

cause-specific and all-cause mortality, the association of 

personality and physical function has not been fully investi-

gated (Kendler, Gatz, Gardner, & Pedersen, 2006; Shekelle, 

Gale, Ostfeld, & Paul, 1983; Shipley, Weiss, Der, Taylor, & 

Deary, 2007). In this study, walking speed was positively 

correlated with extraversion and openness in women and 

agreeableness in men. Thus, openness, a personality trait 

that predisposes to intellectual curiosity and availability to 

new experiences, may protect against physical decline and 

possibly through the same causal pathway against mortality 

(Iwasa et al., 2008), at least among women. More open 

individuals are probably inclined to try new types of exer-

cises, which might promote continued engagement in 

physical activities, with its beneficial effect on health and 

physical function as reflected by walking speed. Moreover, 

the positive association between extraversion and walking 

speed might be explained by a tendency toward support-

seeking behavior (Amirkhan, Risinger, & Swickert, 1995) 

and lower risk of depression (Kendler et al.) and disability 

(Krueger et al., 2006).

The finding of a negative effect of agreeableness among 

men was surprising. Most reports on agreeableness and 

health are negative, although straight forwardness (a facet 

of agreeableness) was found modestly associated with 

reduced total mortality (Weiss & Costa, 2005). Agreeable 

individuals tend to be trustful, altruistic, compliant, and tender 

minded, and to have a lower risk for cardiovascular disease 

(Costa, Stone, McCrae, Dembroski, & Williams, 1987). In 

the context of walking speed, we found agreeableness to 

indicate slowness and antagonism (low agreeableness) fast-

ness, probably a reflection of the former’s general mildness 

and compliance and the latter’s rigidity and opposition.

Our findings also add to the literature by identifying some 

of the factors that influence the age–walking speed relation-

ship. Identification of these moderators is very important as 

it could lead to therapies targeted at reducing the age-related 

decline in physical function and overall health. Our study 

highlights several potential moderators of this age-related 

decline in physical function as being social, behavioral, and 

psychological in nature. Although future longitudinal studies 

will be needed to confirm these associations, our findings 

suggest that extraverted women and men who are open, 

think they are in good health, and have lower waist circum-

ferences might experience a slower decline in walking speed 

as they grow older. However, these effects appear to operate 

primarily in early life. It is possible that these factors are 

important correlates of behavior in healthy persons and 

contribute to build their functional reserve. However, later 

on, their effect may diminish and they cannot substantially 

counteract the effect of aging. The only exception was edu-

cation, which significantly influenced the age–walking 

speed association both among women younger than 55 and 

among those aged 55 years and older.

Our results should be considered with caution in light of 

study limitations. First of all, the risk of making Type I 

errors was increased due to the multiple comparisons  

involved. We partially overcame this problem by selecting a 

significance p level of .002, which took into account the 

total number of correlates being tested at the bivariate level. 

However, in the moderation analyses, because there was no 

prior indication from the literature as to what factors might 

moderate the age–walking speed association (except for 

sex), we wanted to test all the significant correlates as 

potential moderators. We felt that by applying a corrective 

methodology (i.e., Bonferroni correction), the likelihood of 

making Type II errors would have been excessively in-

creased. As other authors suggested, taking into account the 

infancy of this field of research, avoiding missing a true 

effect is important (Goodwin & Friedman, 2006). Second, 

we did not have information to account for secular trends in 

factors likely to affect walking speed such as changes in 

lifestyle, occupation, health care, and access to care. Third, 

the cross-sectional design does not allow inferences on cau-

sality and even temporality in regard to walking speed and 

its correlates. Slower walking speed per decade was based 

on mean differences between individuals at different ages 

and does not reflect differences within the same individual 

over time. Fourth, we might have been limited in our ability 

to capture the importance of physical activity on walking 

speed by the way walking and moderate activity were 

measured in the SardiNIA study. Participants were asked 

whether they walked for at least 10 min during the past 

week, and the moderate activity was limited to activities 

done at work during the previous week. Finally, although 

our study results suggest that personality might be part of 

the causal pathway by which walking speed is such a good 

marker of health status, further work is necessary to fully 

explain the specific mechanisms that link walking speed, 

personality, and health status/adverse health outcomes. In 

spite of these limitations, our study has the advantage of a 

large cohort of individuals aged 18 years and older and 

also of comprehensive assessment of the different factors 

hypothesized to influence walking speed.

In conclusion, our findings suggest that slower walking 

speed with higher age is not limited to late life but can also 

be seen at much younger ages and that the magnitude of this 

association may be affected by different factors in different 

periods of the life span. The results of a strong association 

between personality and walking speed and its effect on the 

age-related patterns support its proposed moderating effect 

on the disablement process (Verbrugge & Jette, 1994) par-

ticularly early in life. Our findings also have significance 

from a clinical perspective. They suggest that personality 

has an impact on physical function as indicated by walking 

speed even before usual declines become evident. Women 

with low extraversion and men with low openness should 

be made aware of their increased risk early on in life, such 

that steps can be taken to prevent or alleviate their risk of 
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decline. Although we did not find an effect of personality on 

the association between age and walking speed in late life, 

individuals with high scores continued to walk faster, prob-

ably a residual of their earlier advantage. Thus, if measures 

are taken early in their adulthood to prevent future risk, 

these at-risk individuals might be able to achieve higher 

levels of walking speed in later life. However, whether 

health behaviors represent the link between personality and 

physical performance, and disability and other negative 

health outcomes remain to be determined. Moreover, longi-

tudinal studies should provide a more informative analysis 

of the effects of personality domains and their facets on 

function loss.
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