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Abstract: Objective: Identify a body mass index (BMI) threshold above which physical capacity would be significantly
affected. Methods: This study included 904 physically independent older individuals aged between 67 and 84 years old.
Measures were: BMI, physical capacity score (PCS) computed according to five lower extremity physical tests, sum of
reported chronic conditions and physical activity level. Results: When subjects were divided in 10 BMI groups, no clear
threshold was identified in men since the PCS was only significantly decreased in the heaviest group, which correspond to
a BMI of >34.5 kg/m2. In women, a BMI of 30.5 kg/m2 was identified as the threshold above which the PCS was
significantly decreased compared with the reference group. Discussion: Although no clear BMI threshold was identify in
older men, a BMI of 30.5 kg/m2 in women was associated with a significantly lower physical capacity.
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INTRODUCTION
Statistics show that the Canadian population is aging [1].
Parallel to this demographic change, cross-sectional and
longitudinal studies concluded that aging is associated with
significant alterations in body composition, with decreases in
muscle mass and increases in fat mass [2, 3]. These body
composition changes, associated with a more sedentary
lifestyle and decreases in energy expenditure [4], contribute
to the increase of obesity prevalence in older individuals. For
example, between 1978 and 2004, the prevalence of obesity
increased from 11% to 24% in the population aged  75
years old [5].
A high body mass index (BMI) has been negatively
associated with lower physical capacity [6, 7], which in turn
may increase the risk of frailty and disability. For example,
Baumgartner et al. [8] showed that 15.1% of older obese
individuals reported a loss of physical capacity within 8
years. A BMI over 30 kg/m2 has been reported to be
associated with a greater risk of metabolic complications [9],
but no specific threshold has been proposed for physical
limitations in well-functioning older despite the fact that
BMI has been frequently used to assess the relationship
between body composition and physical capacity [10-15]. In
fact, only a few studies have proposed a BMI above which
lower physical capacity may be observed [11, 16]. Results
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are inconsistent and may be caused by the variety of tests
and/or questionnaires used to evaluate physical capacity [7,
17, 18]. Consequently, proposed BMI thresholds vary
between 25 and 40 kg/m2 depending on the methodology
used and the population studied [11, 16]. It would be
important to identify a specific threshold over which BMI is
significantly associated with low physical capacity.
Therefore, it could be possible to better identify who may be
at greater risks of presenting lower physical capacity and
prevent long-term associated problems such as early
institutionalization [19], longer duration of hospitalization
[20] and important health cost [21].
To our knowledge, only one study used objective tests to
evaluate physical capacity in older individuals in order to
identify a BMI threshold over which physical performance
would be significantly lower [22]. This study, conducted in
men and women aged between 55 and 79 years [22], showed
that a BMI >30 kg/m2 was associated with a significantly
slower walking speed in men and women. However, walking
ability might not represent the general physical capacity of
older individuals. Thus, other objective measures of physical
capacity related to daily activities may help to better identify
a threshold above which BMI is associated with lower
physical capacity.
The study of well-functioning older adults in the present
research project was in part motivated by the fact that Gill et
al. [23] showed that approximately 10% of non-disabled
community-dwelling adults aged over 75 years lose
independence in basic activities each year. Thus, early
identification of well-functioning individuals displaying low
physical capacity might help to prevent or delay loss of
independence.
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Therefore, we attempted to overcome limitations of the
current scientific literature by studying a large cohort of
older men and women using objective and validated
measures of physical capacity. These results are of great
interest for the population aged over 65 years considering the
fact that 30% are considered as obese [5], and 40% report at
least one limitation, mobility being the most reported one
[24].
MATERIALS AND METHODOLOGY
Subjects
The NuAge study (Nutrition as a determinant of
successful aging study) is a 5-year observational study of
1793 community-dwelling men and women aged 67-84
years in good general physical and mental health and
functionally independent at recruitment in 2003. The study
sample was drawn from a random sample stratified by age
and sex obtained from the Quebec Medicare database in
Laval, Montreal and Sherbrooke areas. Participants were
recruited in each age strata are as follow: 70 ± 2 years: 337
W, 329 M; 75 ± 2 years: 305 W, 289 M; 80 ± 2 years: 298
W, 235 M. Participants were tested annually using a series of
nutritional, functional, medical, biological and social
measurements. Data were collected by trained research
dieticians and nurses using computer-assisted personal
interview methodology following rigorous standardized
procedures. For the present study, analyses were performed
using baseline data obtained from the 464 women and 438
men living in the Sherbrooke area.
Selection of subjects was carried out in 2 phases: a
telephone survey and clinical examination. Inclusion criteria
were: French or English speaking, willing to commit for a 5
year-period, able to walk without assistance (cane
acceptable), free of disabilities in activities of daily living,
no cognitive impairment [Mini Mental State Exam > 79],
able to walk 300 meters (one block), able to climb 10 stairs
(one floor) without rest, and able to sign an informed consent
form. People suffering from class II heart failure, chronic
obstructive pulmonary disease requiring home oxygen
therapy or oral steroids, inflammatory digestive disease,
cancer treated by radiation therapy, chemotherapy or cancer
surgery in the 5 years prior to enrolment (with the exception
of basal skin cell carcinoma) were excluded. All participants
signed an informed consent form approved by the Ethics
committees of the Institut Universitaire de Gériatrie de
Montréal and the Sherbrooke Geriatric University Institute.
Anthropometric Indicators
Body weight and standing height were measured as
described by Lohman et al. [25]. BMI was also calculated
[body weight (kg) / height (m2)]. Since BMI categories
proposed by the WHO [26] may not be optimal for body
composition assessment in the elderly population [27-30],
men and women were categorized using 1.5 kg/m2 BMI
intervals in order to obtain 10 groups. This strategy allowed
us to have a minimum of 23 subjects in each group. The
reference group was arbitrary chosen by identifying the
closest BMI deciles corresponding to the central value of the
“normal” BMI category, as proposed by the World Health
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Organization (18.50 to 24.99 kg/m2) [31]. This corresponded
to the second group in our cohort of older women (21.5022.99 kg/m2) and men (22.50-23.99 kg/m2).
Physical Capacity Score (PCS)
The PCS was determined using a set of five validated
physical tests: timed up and go [32], chair stand, walking
speed at normal and fastest pace [33], and one leg stand [34].
Two attempts were made for each test. The maximum score
was used for analyses, except for the one leg stand where the
mean value of both legs was used. Each test was then
attributed a score of 1 to 4 using quartiles of performance
(ex: 4th quartile= 4 points and 1st quartile= 1 point), as
previously done [35]. A score of 0 was attributed to those
who were unable to perform a test. Quartile scores by gender
were then added to produce the PCS for each subject
(possible score ranging between 0 and 20). The main
advantage of doing the analysis on the PCS is that it gives a
global picture of subjects’ lower limbs performance by
taking into account several tasks related to daily activities, as
previously suggested [33].
Physical Activity Level
Physical activity level was assessed using the Physical
Activity Scale for the Elderly questionnaire (PASE) [36].
Subjects reported leisure time, household and work-related
activities during the past week. Daily activities were first
scored according to the intensity and duration of reported
activities and then added to produce a physical activity score
(possible range of scores between 0 - 793).
Sum of Reported Chronic Conditions
18 different chronic conditions plus a miscellaneous
category were reported by each participant using a modified
version of the Older American Resources and Services
questionnaire [37]. Subjects were asked to answer « yes (1) »
or « no (0) » if they were presently suffering from chronic
conditions as listed. The chronic conditions known to be
related to obesity such as arthritis [38], edema [39], asthma
[40], high blood pressure [41], heart diseases [42], thyroid
problem [43] and osteoporosis [44] were used in the present
analysis. The sum of chronic conditions was recorded by
adding the number of positive answers giving a maximum
sum of 7.
Statistical Analyses
Since the PCS and his residuals were normally
distributed in men and women, parametric analyses were
used. Independent T-tests were performed to compare men
and women for descriptive characteristics. Pearson’s
correlations were used to quantify the relationship between
BMI and the PCS. ANOVA analyses were used to compare
BMI groups, while ANCOVA analyses were used to adjust
means for the sum of chronic conditions and age. When
these procedures revealed a significant group effect, the
Dunnet post-hoc test was used for posteriori group
comparisons, with the 2nd BMI category (21.50 to 22.99
kg/m2 in women and 22.50 to 23.99 kg/m2 in men) as the
group of reference. This approach allowed us to identify a
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Characteristics of Men and Women
Variables

Men (N=439)

Women (N=465)

P Value

Age (years)

73.8 ± 4.2

74.1 ± 4.1

0.33

BMI (kg/m2)

28.1 ± 4.3

27.7 ± 4.8

0.19

Weight (kg)

78.7 ± 13.5

65.9 ± 11.7

<0.01

Physical activity level (0-793)

120.5 ± 59.2

93.0 ± 45.4

<0.01

Sum of reported chronic conditions (0-7)

1.6 ± 1.2

2.4 ± 1.3

<0.01

Results are presented as mean ± standard deviation. BMI = Body mass index.
Unpaired T-tests were used to identify a difference between men and women.

BMI threshold above which physical capacity was
decreased. Finally, an unpaired T-test was used to compare
subjects with a BMI “above” and “below” the identified
threshold in order to confirm it. Significance was accepted at
P< 0.05. Analyses were performed using SPSS 12.0 program
(Chicago, IL) and Stat View 5.01 (SAS Institute Inc, Cary,
NC, USA).
RESULTS
Cohort’s Characteristics
As shown in Table 1, age and BMI were similar in men
and women. Men had a higher body weight and physical
activity level (P< 0.01), while women had, in average,
significantly more reported chronic conditions (P< 0.01).
Finally, men had better scores for each physical capacity test
performed (all P< 0.01).
Relationships between BMI and PCS
Results from Pearson’s correlation analyses show that
even if significant, BMI was weakly correlated with the PCS
in men (r= -0.20; P< 0.001) and women (r = -0.23; P<
0.001).
Groups Comparisons
Characteristics of BMI groups are presented in Table 2.
In men, groups were similar for age and physical activity
level, while different sum of reported chronic conditions (P<
0.01). In women, groups were similar for physical activity
level and the sum of reported chronic conditions, whereas
they were different for age, with a significant difference
between the 9th group and the group of reference (P< 0.05).
In men, post-hoc analyses have shown that only the sum of
reported chronic conditions was different for some groups
compared to the reference group (P< 0.05).
Results for the PCS for each BMI group are presented in
Fig. (1). In men, groups 1 and 10 were the only ones
significantly different from the reference group [P< 0.05;
(Fig. 1a)]. In women, the PCS was significantly lower for
those with a BMI > 30.5 kg/m2 (groups 8 to 10) compared to
the reference group [P< 0.05; (Fig. 1b)].
As a complementary analysis, an independent T-test was
performed to compare women above and below the BMI
threshold of >30.5 kg/m2 in order to confirm the threshold.

As anticipated, women above the proposed BMI threshold
had a significantly lower PCS compared to the other group
(12.7 ± 4.3 vs. 10.3 ± 4.3; P= 0.002).
DISCUSSION
Our results show that BMI was weakly but significantly
correlated with the PCS in our sample of well-functioning
older men and women. In women, a BMI >30.5 kg/m2 was
associated with a significantly lower physical capacity. The
mean difference between the control group and the proposed
BMI threshold correspond to an 8% lower PCS. Similarly to
our results, others reported that older women with a BMI
30 kg/m2 had an increased risk of functional limitations
[11, 45, 46]. No clear threshold was identified in men since
the PCS was significantly decreased only in the heaviest
group, which correspond to a BMI of >34.5 kg/m2. The
mean difference between the control group and the heaviest
BMI group correspond to a 14% lower PCS. It is important
to note that, compared to the other groups, subjects in the
10th group were very heterogeneous in term of body
composition, with BMIs ranging between 34.5 and 43.9
kg/m2. Taking into account this limitation, our results are in
agreement with those of Davidson et al. [11] and Jensen et
al. [6] who also reported that a BMI threshold of >35 kg/m2
was associated with lower physical capacity. Taken together,
our results could be helpful to identify those that may be at
greater risk of having lower physical capacity. Consequently,
longitudinal studies with similar objective measures will be
needed to identify if the difference is clinically important.
Our observations are also of great interest since studies
showed that physical incapacity is associated with an
increased risk of falling [22], loss of independence [23],
early institutionalization [24] and longer hospitalization [25].
Several explanations have been proposed to describe the
relationship between body composition and physical
capacity. First, Walford et al. [47] suggested that excessive
body weight contributes to inflammation of joints, making
ambulating painful and difficult. Others showed that obesity
increases the risk and severity of osteoarthritis [48], which
may negatively affect physical activity level [49]. Second, a
sedentary lifestyle favors weight gain and losses in muscle
mass and strength, both increasing the risk of having lower
physical capacity [50]. Finally, Baumgarner et al. [8]
suggested that elderly displaying low level of muscle mass
and high levels of body fat, known as sarcopenic-obesity,

2.6 ± 1.4

2.3 ± 1.3

95.9 ± 43.9

22.3 ± 0.4

75.1 ± 4.1

44

2.6 ± 1.4

96.3 ± 44.3

23.8 ± 0.4

74.2 ± 4.8

44

23.00-24.49
kg/m2

1.5 ± 1.1

130.9 ± 59.8

26.6 ± 0.4

73.8 ± 5.2

49

24.00-25.49
kg/m2

Group 3

2.4 ± 1.2

92.2 ± 45.2

25.3 ± 0.5

74.1 ± 4.6

59

24.50-25.99
kg/m2

1.4 ± 1.3

126.4 ± 59.7

26.2 ± 0.4

74.2 ± 4.3

65

25.50-26.99
kg/m2

Group 4

2.5 ± 1.3

93.8 ± 45.9

26.2 ± 0.4

73.5 ± 3.9

53

26.00-27.49
kg/m2

1.5 ± 1.3

124.0 ± 65.7

27.7 ± 0.4

74.5 ± 4.5

66

27.00-28.49
kg/m2

Group 5

2.5 ± 1.2

101.3 ± 55.2

28.2 ± 0.4

73.9 ± 4.1

65

27.50-28.99
kg/m2

1.7 ± 1.1*

106.1 ± 56.4

29.1 ± 0.4

73.1 ± 3.8

59

28.50-29.99
kg/m2

Group 6

2.4 ± 1.2

88.9 ± 39.8

29.7 ± 0.4

75.1 ± 3.8

56

29.00-30.49
kg/m2

1.9 ± 1.1**

118.4 ± 67.2

30.7 ± 0.4

73.9 ± 3.9

35

30.00-31.49
kg/m2

Group 7

Data are presented as means ± standard deviation (SD)
ANOVA was used to compare groups. The Dunnett test was used to compare groups in men and women, with the 2nd BMI category as the group of reference.
BMI = Body mass index.
*P<0.05; **P<0.01
P value represents the difference among the 10 groups

Sum of reported chronic
conditions (0-7)
2.4 ± 1.3

98.3 ± 41.6

93.0 ±
45.5

Physical activity level (0-793)

19.9 ± 1.2

27.7 ± 4.8

BMI (kg/m2)

73.5 ± 3.7

33

74.0 ± 4.1

464

21.50-22.99
kg/m2

 21.49
kg/m2

Age (years)

N

WOMEN

1.6 ± 1.2

Sum of reported chronic
conditions (0-7)

123.1 ± 50.1
0.9 ± 0.9

125.1 ±
55.2

120.7 ±
59.3

Physical activity level (0-793)

23.4 ± 0.4

74.2 ± 4.4

44

1.1 ± 1.2

21.1 ± 1.1

28.1 ± 4.3

74.4 ± 4.0

29

22.50-23.99
kg/m2

 22.49
kg/m2

BMI (kg/m2)

438

Group 2

Group 1

73.8 ± 4.3

MEN

TOTAL

Characteristics of Subjects among BMI Groups

Age (years)

N

Table 2.

1.9 ± 1.2

85.5 ± 41.5

31.3 ± 0.5

74.9 ± 4.3

38

30.50-31.99
kg/m2

1.9 ± 1.2**

123.4 ± 61.5

32.2 ± 0.5

73.8 ± 4.1

38

31.50-32.99
kg/m2

Group 8

2.4 ± 1.9

87.1 ± 38.2

32.6 ± 0.4

72.1 ± 3.4**

26

32.00-33.49
kg/m2

2.0 ± 1.2**

118.4 ± 59.6

33.7 ± 0.5

72.6 ± 4.1

23

33.00-34.49
kg/m2

Group 9

2.1 ± 1.2

86.4 ± 49.9

37.4 ± 3.8

73.3 ± 3.5

46

> 33.50
kg/m2

0.28

0.75

< 0.01

0.05

< 0.01

0.52

105.2 ±
52.0
2.0 ± 1.2**

< 0.01

0.32

P
Value

37.7 ± 2.6

72.3 ± 3.8

30

> 34.50
kg/m2

Group 10
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16,00

Physical capacity score (__/20)

15,00

14,00

13,00

*

12,00

*
*

11,00

10,00

9,00

BMI group
16,00
*

Physical capacity score (__/20)

15,00

14,00

13,00

12,00

11,00
*

10,00
*

9,00

BMI group
Fig. (1). Average physical capacity score in men (Fig. 1a) and women (Fig. 1b) by BMI deciles.
Data are presented as means ± standard error (SE).
ANCOVA (adjusted for the sum of chronic conditions, physical activity level and age) were used to compare groups. The Dunnett test was
used for posteriori comparisons, with the 2nd BMI category as the group of reference.
*P< 0.05; significantly different from the reference group.

may experiment further physical capacity problems compared to those with a normal body weight. However, this
concept needs to be further investigated since Davison et al.
[11] concluded that sarcopenic-obesity was not associated
with lower self-reported limitations.

relationship between questionnaires and physical capacity
tests, correlations are generally less than 0.6 [55, 56]. It has
also been shown that objective physical capacity tests are
less influenced by cultural, language and education levels
than self-reported questionnaires [57].

Taken together, discrepancies between our results and
other studies regarding BMI thresholds [7, 16, 17, 51] can
partly be explained by BMI categorization or methods used
to measure physical capacity (questionnaires vs. physical
capacity tests). As a matter of fact, most of BMI thresholds
proposed until now in order to identify individuals at risk of
poor physical capacity were based on self-reported
questionnaires [11, 45, 46, 52-54]. Despite a significant

The difference regarding BMI thresholds in women and
men in the present study is not surprising considering gender
effects previously reported in the literature. For example,
Friedmann et al. [58] reported a lower physical capacity in
men with a BMI > 40 kg/m2 and women with a BMI > 35
kg/m2, while Davison et al. [11] identified thresholds of 35
kg/m2 and 30 kg/m2 in men and women, respectively. We
may thus hypothesize that differences reported between men
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and women in the present study are likely caused by
differences in body composition and body fat distribution
[59, 60]. For example, Spyropoulos et al. [61] proposed that
a gynoid profile (commonly seen in women) may affect the
mechanical aspect of walking to a greater extent by slowing
down walking speed because of upper leg friction.

kg/m2 in women and 34.5 kg/m2 in men were associated with
a significantly lower physical capacity. Longitudinal studies
using objective methods to measure physical capacity are
needed to quantify the long-term potential impact of high
BMI on physical capacity in older men and women.

Contrary to other studies, we did not identify a clear BMI
threshold over which men would display a lower physical
capacity. For example, Jensen et al. [6] proposed a BMI of
35 kg/m2, while Peeters et al. [54] observed that men with a
BMI above 30 kg/m2 were twice as likely to report
limitations later in life than those with a BMI between 25
and 29.9 kg/m2. It is also likely that discrepancies between
our results and those from others may be related to the
physical effort needed to perform various physical tests.
Indeed, the tests used in our study might not have been
challenging enough for well-functioning older men.
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no clear threshold was identify in older men, a BMI of 30.5
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