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Brief Report

Introduction

Although adiposity is known to contribute to mobility decline 
in older adults, the impact of adiposity on mobility decline in 
middle-age and early old age is not as well-studied. Two pre-
vious long-term follow-up studies among initially middle-
aged persons found that obesity (body mass index [BMI] > 
30 kg/m2) predicted decline in usual walking speed and inci-
dence of walking limitation (Stenholm, Sainio, et al., 2007; 
Windham et al., 2017). Limitations of these studies include 
consideration of only BMI as an indicator of adiposity and 
lack of sex-stratified analyses. Moreover, instead of using 
usual walking speed or self-reported information on walking 
limitation, it is of interest to examine changes in maximal 
walking speed, which is more sensitive marker of mobility 
decline than usual walking speed, as it often begins to decline 
for men in their fifties and women in their sixties (Ferrucci 
et al., 2016; Simonsick et al., 2005). In addition to mobility 
decline, a slower maximal walking speed strongly predicts 
decrease in functional capacity related to instrumental activi-
ties of daily life (Suzuki et al., 2003).

As both the number and proportion of late midlife adults 
with obesity have increased markedly over the past few 
decades, there is need to identify sensitive measures that 
would allow for early detection of mobility decline and 

decreased functional capacity appropriate for use in clinical 
practice. This study aims to examine the association between 
adiposity markers and 11-year change in maximal walking 
speed among Finnish men and women in late midlife.

Method

Study Population

The initial assessment occurred in the Health 2000 Survey, a 
comprehensive nationwide health interview and examination 
survey carried out in Finland in 2000–2001 with a follow-up 
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Background: Obesity is linked to poorer physical functioning in older adults, but impact of excess adiposity on loss 
of functional capacity in late midlife is unclear. This study examined associations between adiposity markers and 11-year 
change in maximal walking speed, a sensitive indicator of physical functioning, among adults aged 55 to 69 years. Method: 
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the prospective Health 2000 Survey. Body mass index (BMI) and waist circumference were assessed in 2000. Generalized 
estimating equation models estimated changes in maximal walking speed by BMI and waist circumference, stratified by sex. 
Results: BMI greater than 30 kg/m2 was associated with accelerated decline in maximal walking speed particularly in women. 
Associations with waist circumference were nonsignificant. Conclusion: Late midlife obesity may speed up the decline in 
functional capacity as measured by maximal walking speed, especially in women.
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measurement in 2011. Details of the design and implementa-
tion of the Health 2000 Survey and its follow-up have been 
reported elsewhere (Aromaa & Koskinen, 2004; Koskinen 
et al., 2012).

Inclusion criteria for this study were age 55 to 69 years, 
BMI ≥ 18.5 kg/m2, measured waist circumference and 
walking speed assessment without an assistive walking 
device at baseline. Of the 1,513 eligible participants in 
2000, 980 (65%) participated in the follow-up health exam-
ination in 2011 and 930 (61%) completed follow-up walk-
ing speed assessment. An additional 23 subjects were 
excluded because of missing data on baseline covariates 
yielding an analytic sample of 907: 409 men and 498 
women. Written informed consent was obtained from all 
individual participants included in the study.

Measures

Adiposity markers.  At baseline, height and weight were 
assessed in light clothing and without shoes. BMI was clas-
sified as normal-to-overweight (18.5–29.9 kg/m2) and obese 
(≥30 kg/m2) (World Health Organization, 2000). Estab-
lished cutoffs identified high waist circumference in women 
(>88 cm) and men (>102 cm) with lower values considered 
normal (World Health Organization, 2000).

Maximal walking speed.  At baseline, and 11-year follow-up, 
participants walked 6.1 m as fast as possible, starting from a 
standing position, continuing at a maximum pace over the 
finish line (Sainio et al., 2008).

Covariates.  All covariates were evaluated at baseline. Grip 
strength was assessed as the higher of two measurements on 
the dominant hand (Sainio et  al., 2008). Self-reported lei-
sure-time physical activity was classified into three catego-
ries based on the volume of activity: low, medium, and high 
(Borodulin et  al., 2016). Information on smoking, alcohol 
consumption, and baseline education were self-reported 
using a standardized questionnaire (Aromaa & Koskinen, 
2004).

Statistical Analyses

The differences in background characteristics by sex were 
explored by chi-square test for categorical variables and anal-
ysis of variance or Wilcoxon Scores test for continuous vari-
ables. Normality of maximal walking speed was verified. The 
association between BMI (normal-to-overweight or obese) 
and waist circumference (low or high) with change in maxi-
mal walking speed was examined using generalized estimat-
ing equation (GEE) models, stratified by sex, including either 
a BMI and time, or a waist circumference and time interaction 
term in the models. Analyses controlled for baseline educa-
tion, smoking, alcohol consumption, leisure-time physical 
activity, and grip strength. Statistical analyses were performed 
using SAS version 9.3 (SAS Institute, Inc., Cary, NC).

Results

Characteristics of the study population are presented in Table 1. 
Participants excluded from the analyses due to missing 11-year 
follow-up data were older and had a slower walking speed, 
higher waist circumference, lower education levels, smoked 
more often, and were less physically active in 2000 as com-
pared with those included in the analysis (all p < .05).

Among the 907 subjects remaining in the sample, at 
baseline the mean maximal walking speed was 1.84 m/s 
(95% confidence interval [CI] = [1.81, 1.88]) in men and 
1.58 m/s (95% CI = [1.55, 1.60]) in women. Walking speed 
declined significantly over 11 years in men (−0.22 m/s, 
95% CI = [−0.26, −0.18]) and in women (−0.16 m/s, 95% 
CI = [−0.18, −0.13]).

The average decline in maximal walking speed for men 
and women by adiposity markers is presented in Figure 1 and 
Table 2. The 11-year decline in maximal walking speed was 
significantly greater in the obese women than in the normal-
to-overweight women (−0.21 m/s vs. −0.15 m/s, p for BMI 
× Time interaction = .037). No difference in maximal walk-
ing speed decline by obesity group was observed for men 
(Table 2). The decline in maximal walking speed did not dif-
fer by waist circumference groups in either women or men.

Discussion

In a sample of late middle-aged Finnish adults, a significant 
decline in maximal walking speed across 11 years was 
observed. A greater 11-year decline in maximal walking 
speed was found in obese relative to normal-to-overweight 
women.

Although numerous studies have included maximal walk-
ing speed in their protocol, few published reports have exam-
ined maximal walking speed within sex and adiposity 
subgroups or investigated long-term decline. The baseline 
mean maximal walking speeds within BMI groups in this 
study were comparable with the 1.76 m/s (normal weight) and 
1.69 m/s (obese) maximal walking speed observed for high 
functioning but slightly older (50–84 years) participants in the 
Baltimore Longitudinal Study of Aging (Ko et al., 2010).

The only study to our knowledge that examined maximal 
walking speed change over several years focused on nondis-
abled French men and women aged 65 to 85 years (Artaud 
et  al., 2015). The average annual decline was −0.017 m/s 
which is comparable with, or somewhat lower than the annual 
decline observed in the current study in the obese women and 
men (range from −0.017 and −0.025 m/s per year).

The current finding is consistent with previous literature 
documenting the detrimental impact of obesity as assessed by 
BMI on functional decline in both older age and late midlife 
(Jerome et  al., 2016; Stenholm et  al., 2009; Stenholm, 
Rantanen et al., 2007; Stenholm, Sainio, et al., 2007; Windham 
et al., 2017). A history of obesity (BMI > 30 kg/m2) in midlife 
has been observed to associate with walking limitations 
(Stenholm, Rantanen, et al., 2007) and slower usual walking 
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speed (Ferrucci et  al., 2016), even several years later. Our 
findings extend previous findings by showing a negative 
effect of obesity on maximal walking speed development 
over 11 years.

It has been proposed that body composition, particularly 
higher body fat in women, accounts for differences in func-
tional capacity between men and women at older age (Tseng 
et al., 2014). We did not find high waist circumference, as a 
marker of abdominal adiposity, to be related to the decline in 
maximal walking speed in either sex. Some have observed 
high waist circumference to associate with slower walking 
speed in older men but not older women (Tolea et al., 2010).

In this study, BMI and waist circumference were used as 
markers of adiposity, with standard clinical cut points for 
both for the comparability with other reports and to evalu-
ate their clinical utility. There is some evidence however 
that these established cut points may not be optimal or may 
differ by sex as indicators of adiposity. For example, more 
than half of the women in the current sample had a high 
waist circumference by the definition that was used. A more 
specific marker of fat infiltration in muscle predicted 
decline in usual walking speed in both men and women 
(Beavers et al., 2013). The adiposity–function relationship 

is further complicated by underlying pathology that may 
result in unintentional weight loss (Harris, 2017).

As in many prospective studies, there was some drop out 
(35%) over the follow-up. Individuals who dropped out from 
the study had slower walking speed and less favorable sociode-
mographic and lifestyle profile (e.g., education, smoking, 
physical activity), but the prevalence of obese was similar to 
the included. As such, these results may present an optimistic 
view of maximal walking speed decline. To the extent selec-
tion bias was dependent on both functional capacity decline 
and adiposity, these analyses may underestimate the long-term 
impact of adiposity on maximal walking speed. This study uti-
lized BMI as an indicator of general obesity and waist circum-
ference as an indicator of abdominal obesity, but because both 
of these are indirect measures of adiposity, further study is 
warranted that uses other adiposity indicators such as fat mass.

Strengths of these analyses include the use of a national 
population-based sample with physical measurement of max-
imal walking speed, grip strength, and adiposity markers, and 
a long follow-up. The analyses also controlled for factors that 
may attenuate decline (physical activity and grip strength) 
helping us better understand the unique relation of adiposity 
to decline in walking speed.

Table 1.  Baseline Characteristics of the Study Population.

Variables

Men (n = 409) Women (n = 498)

p-valueM (SD) M (SD)

Age (years) 61 (4) 61 (4) .738
Maximal walking speed (m/s) 1.84 (0.34) 1.58 (0.28) <.001
Grip strength (N) 465 (84) 262 (64) <.001

  n (%) n (%)  

Body mass index .06
  Normal to overweight (18.5–29.9 kg/m2) 312 (76) 352 (71)  
  Obese (≥30 kg/m2) 97 (24) 146 (29)  
Waist circumference <.001
    Low (men ≤ 102 cm, women ≤ 88 cm) 258 (63) 232 (47)  
    High (men > 102 cm, women > 88 cm) 151 (37) 266 (53)  
Education .06
  Basic 193 (47) 260 (52)  
  Intermediate 127 (31) 119 (24)  
  High 89 (22) 119 (24)  
Smoking <.001
  Current/occasional 73 (18) 57 (11)  
  Former 170 (42) 60 (12)  
  Never/nonsmoker more than 1 year 166 (41) 381 (77)  
Alcohol <.001
  Men < 7 or Women < 4 (portions/week) 271 (66) 406 (82)  
  Men ≥ 7 or Women ≥ 4 (portions/week) 138 (34) 92 (18)  
Physical activity <.001
  Low 64 (16) 96 (19)  
  Moderate 247 (60) 339 (68)  
  High 98 (24) 63 (13)  

Note. p-value for comparison between sexes by chi-square, ANOVA, or Wilcoxon Scores test. ANOVA = analysis of variance.
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Table 2.  Baseline Maximal Walking Speed (m/s) and 11-Year Change (m/s) by BMI and Waist Circumference in Men and Women Aged 
55 to 69 Years.

Variables

Men (n = 409) Women (n = 498)

Baseline maximal walking speed 11-year change Baseline maximal walking speed 11-year change

BMI
  <30 1.85 [1.81, 1.90] −0.20 [−0.25, −0.16] 1.60 [1.56, 1.65] −0.15 [−0.18, −0.12]
  ≥30 1.80 [1.73, 1.88] −0.27 [−0.36, −0.19] 1.51 [1.46, 1.56] −0.21 [−0.26, −0.17]
BMI × Time p = .135 p = .037
Waist circumference
  Low 1.89 [1.84, 1.93] −0.21 [−0.25, −0.16] 1.59 [1.55, 1.64] −0.15 [−0.19, −0.10]
  High 1.77 [1.72, 1.82] −0.25 [−0.31, −0.18] 1.56 [1.52, 1.61] −0.19 [−0.23, −0.16]
Waist × Time p = .309 p = .101

Note. Analyses adjusted for age, education, smoking, alcohol, physical activity, and grip strength. BMI = body mass index.

Figure 1.  Eleven-year decline in maximal walking speed for men and women by BMI (A) and by waist circumference (B).
Note. BMI = body mass index.
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Conclusion

In conclusion, the findings highlight the importance of pre-
venting and treating obesity in late middle-aged persons, as 
obesity was shown to accelerate decline in maximal walking 
speed and thereby contributes to premature loss of functional 
capacity with advancing age.
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