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Abstract
Background: Increased mortality risk at low body mass index values is well established for older persons. It is, however, unclear how the underlying body mass components
(fat and muscle mass – FM and MM, respectively) are associated with mortality in old age. Objective: This study aimed
to examine the mortality risk of four body composition measures (appendicular skeletal MM, leg, arm and trunk FM) with
12-year mortality in community-dwelling older men and
women. As a secondary objective, the influence of cancer,
obstructive lung disease, smoking and previous weight loss
on these associations was examined. Methods: Data were
used from the Longitudinal Aging Study Amsterdam, a random population-based cohort study (55–85 years) in the
Netherlands. Body composition was determined in 1995–
1996 by dual energy X-ray absorptiometry. The present
study included 477 community-dwelling persons aged 665
years who were followed until 2007 for their vital status. Results: Twelve-year mortality rates were 133/242 (55%) in men
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and 92/235 (39%) in women. Since most associations were
U- or J-shaped, only observations below the sample mean
were included to calculate hazard ratios (HRs) per one SD
lower value. Adjusted for height, age and each other, lower
appendicular skeletal MM [HR 1.59 (95% CI: 1.04–2.42)] and
lower leg FM [1.68 (1.04–2.72)] in men and lower trunk FM
[1.61 (1.02–2.53)] in women were associated with an increased mortality risk. Associations attenuated and became
statistically nonsignificant in men after adjustment for cancer, obstructive pulmonary disease and smoking and in
women after additional adjustment for previous 3-year
weight change. Conclusions: In older men, lower MM and
lower leg FM are associated with an increased mortality risk,
while in older women only lower trunk FM is associated with
an increased risk. The causality of these associations is debated. Suggested sex differences deserve further study.
Copyright © 2011 S. Karger AG, Basel

Introduction

The increased mortality risk at low body mass index
(BMI) values is well established for older persons [1–4].
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women. As a secondary objective, the influence of cancer,
obstructive lung disease, smoking and previous weight
loss on these associations was examined.

Subjects and Methods
Study Sample
This study uses prospective data from the Longitudinal Aging
Study Amsterdam (LASA). LASA is an ongoing study on predictors and consequences of changes in physical, emotional, cognitive and social functioning in older people in the Netherlands. A
random sample stratified by age and sex according to expected
mortality after 5 years was drawn from the population registries
of 11 municipalities in three geographical areas of the Netherlands. A total of 3,107 men and women aged 55–85 years were
enrolled at the baseline examination in 1992–1993. The total sample is representative of the Dutch general older population. Examination cycles are repeated every 3 years and consist of a general face-to-face interview and a medical interview in the respondent’s home. The details of the LASA study have been described
elsewhere [17]. The study was approved by the Ethics Review
Board of the VU University Medical Center, and informed consent was obtained from all respondents.
For the present study, data from the second (1995–1996) examination cycle of LASA (n = 2,545) were used. During this examination cycle, respondents who lived in the Amsterdam region
and who were born in or before 1930 (65 years and older as of
January 1, 1996) were invited for an additional DXA examination
(n = 698). Of the 698 respondents who were invited, 520 respondents (74%) participated in the whole body DXA examination.
Nonresponders were older but had a similar gender distribution
[18]. Of these 520 respondents, 4 were excluded because the DXA
values of the left and right legs differed substantially (11 standard
deviation), 11 were excluded because of a bilateral hip or knee
prosthesis, 2 because the soft tissue results were not calculated,
and 22 because of missing data on body height. In addition, 4 institutionalized persons were excluded so that a more homogeneous population of older community-dwelling persons could be
studied. Finally, 477 persons were left to be included in the analyses of the present study (242 men and 235 women).
Measures
Vital status and date of death were traced until June 1, 2007,
through the registers of municipalities in which the respondents
were living, which was 100% complete. Survival time was calculated in days from the 1995–1996 examination cycle until June 1,
2007.
Anthropometric data were collected during the medical interview by trained research nurses using a standardized protocol.
Particularities during the measurements were reported using
standard forms. Height was measured to the nearest 0.001 m using a stadiometer. In case no valid height measurement could be
obtained due to the recorded particularities ‘not able to stand’,
‘shoes’, ‘kyphosis’, or ‘scoliosis’, or if height was missing, one of
the following imputation methods was applied: (1) a valid followup measurement of height was used; (2) height was calculated for
those with scoliosis or kyphosis using gender-specific prediction
rules based on age and knee height [19] developed within the
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companies a declining health in old age [5]. It is, however,
unclear how the underlying body mass components (fat
and muscle mass – FM and MM, respectively) are associated with mortality in old age and if thinness-related diseases or previous weight loss explain these associations.
Some studies suggest that low MM but not low FM is
associated with an increased mortality risk [6–8], while
in women only, there may be an association with low FM
as well [9]. These studies were, however, performed in
younger adults and used inaccurate measures to assess
body composition like anthropometric measures [8, 9] or
bioelectrical impedance [7]. Only one study in 60-yearold men used total body potassium counting [6], which is
a more accurate method to estimate lean mass (LM).
There are only a limited number of studies performed
in community-dwelling older persons based on more accurate imaging techniques, i.e. computed tomography
(CT) scanning and/or dual energy X-ray absorptiometry
(DXA), and results are inconsistent. One study found an
association between low mid-thigh muscle area and mortality in older men only, but no associations were found
for low MM in the legs or arms determined by DXA in
both men and women [10]. Results on FM were not reported. Yet another study found that both low muscle
area and fat area in the calf were associated with increased
mortality in community-dwelling older persons after adjustment for height and weight, but did not distinguish
between men and women. The associations disappeared
after adjustment for age and gender [11].
Most previous studies that examined the association
between low FM and mortality did not distinguish different regional fat depots [6–9, 11]. However, there are indications that a lower thigh or leg FM is associated with
more unfavorable glucose and lipid levels in older persons
after adjusting for the association with trunk FM which
is in the opposite direction [12, 13]. A recent review summarized the evidence in favor on gluteofemoral body fat
as a determinant of metabolic health [14]. Although this
protective effect is suggested to be attributed to peripheral FM in the legs and not the arms [15], the role of arm
FM is not often studied. As we recently showed that midupper arm circumference was more strongly associated
with mortality than low BMI in old age [16], the association between arm FM and mortality also deserves further
examination.
The primary objective of the current study was to examine the associations of different body composition
measures (appendicular skeletal MM, leg FM, arm FM,
and trunk FM) determined by DXA with 12-year allcause mortality in community-dwelling older men and

Statistical Analyses
All statistical analyses were performed with SPSS 15.0 and R
statistical software (version 2.6.2). A p value !0.05 was used to
denote statistical significance. Separate analyses were performed
for men and women because of expected potential sex differences
in the associations between body composition measures and mortality [8, 9]. This stratification was also supported by adding an
interaction term with sex to the crude Cox regression model adjusted for height (see below) that resulted in the following p values:
0.08 for trunk FMⴢsex and 0.09 for appendicular skeletal MMⴢsex.
Pearson’s correlation coefficients were calculated for determining
associations between body composition measures. The association of appendicular skeletal MM, leg FM, arm FM, and trunk FM
with 12-year all-cause mortality was examined using two methods: Cox regression models with restricted cubic spline functions
and (linear) Cox regression models. The advantage of spline regression models over a categorical approach, such as the use of
quintiles, is that it can fit complex distributions without assuming
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linear associations within categories, thus providing better insight into the true shape of the association [27]. The variables appendicular skeletal MM, leg FM, arm FM, and trunk FM were
transformed to sex-specific Z scores to standardize across the different units of these independent variables. The Z score is a deviation from the sample mean value expressed in standard deviation units.
First, dose-response associations between appendicular skeletal MM, leg FM, arm FM, and trunk FM and 12-year mortality
were examined using a Cox regression model with restricted cubic spline functions with 3 standard knots at the 5th, 50th and
95th percentile of the observed distribution of the independent
variable. Based on the lower Akaike’s Information Criterion [28],
a model with 3 knots was found to have a superior fit over a model with 4 or 5 knots. Hazard ratios (HRs) were plotted against the
Z score units, using a Z score of zero as the reference. Second, the
same associations were examined by a linear Cox regression model. Since most associations were U- or J-shaped, only observations
below the sample mean were included to calculate HR per one SD
lower value. The assumption of proportional hazards was checked
by a time interaction test (all were not statistically significant).
All associations were adjusted for body height since the
amount of appendicular skeletal MM, and to a lesser extent the
amount of leg and arm FM, is known to be strongly determined
by body height (longer arms and legs contain more muscle and
fat), and height is – although borderline not statistically significant in our study – associated with mortality. Secondly, we adjusted for age – which is strongly related to mortality – to account
for the changes in body composition which normally occur with
aging. Thirdly, we adjusted the association of each DXA measure
(appendicular skeletal MM, leg FM, arm FM, and trunk FM) for
the others. Only the analyses of leg FM, arm FM, and trunk FM
were not adjusted for each other because these measures were
highly correlated (Pearson’s correlation coefficients of 60.75 in
men and women) and the variance inflation factors (examined
with collinearity statistics in SPSS) were between 2.2 and 7.0
where values above 2.5 may indicate collinearity problems in
weaker models. Variance inflation factors with appendicular
skeletal MM were below 1.3. Finally, we adjusted the associations
for: (1) smoking status, presence of cancer or obstructive lung disease to examine if smoking status or these two diseases that are
known to be associated with thinness [29] explained this association; (2) weight change in the previous 3 years to examine if previous weight loss would additionally explain the associations.

Results

During the follow-up period of 12 years, 133 (55%)
men and 92 (39%) women died (table 1), with mortality
rates of 69 and 43 per 1,000 person-years, respectively.
A description of the study sample is shown in table 1.
The mean age of the study sample was 74.8 years (SD 6.4)
in men and 74.0 years (SD 6.3) in women. Those who died
during follow-up had a higher age, a lower BMI (in men
only), a lower body height (in men only), lost more weight
in the previous 3 years, and had a lower percentage of
Wijnhoven et al.
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LASA sample with a valid height and knee height measurement;
(3) self-reported height was used. This imputation was performed
in 42/477 (9%) respondents. Knee height of the left leg was measured using a Mediform sliding caliper (Medical Express, Beaverton, Oreg., USA) with the knee and ankle joints fixed at 90° angles. Weight was measured to the nearest 0.1 kg using a calibrated
bathroom scale (Seca, model 100; Lameris, Utrecht, The Netherlands). Recorded weight particularities which led to exclusion of
respondents were: ‘amputation’, ‘brace’, and ‘prothesis’. In addition, weight was adjusted for ‘clothing’ (–1 kg), ‘corset’ (–1 kg), and
‘shoes’ (–1 kg) [20]. BMI was calculated as body weight (kg) divided by height (m) squared. Weight change (kg) between the first
(1992–1993) and second (1995–1996) examination cycle of LASA
was calculated.
A whole body DXA scan was performed at the VU University
Medical Center, using a Hologic QDR 2000 scanner (Hologic Inc.,
Waltham, Mass., USA). The selected scanning mode was ‘enhanced array whole body’, and software version V5.70A was used
to analyze the scan data. The software provides estimates of bone
mineral content (in grams), LM (in grams), and FM (in grams) for
the total body and for standard body regions (legs, arms, trunk
and head). The amount of fat-free soft tissue (LM minus bone
mineral content) of the extremities was used as an indicator of
appendicular skeletal MM [21–23]. Leg FM and arm FM were calculated by adding FM of the left and right limbs. Total appendicular skeletal MM was calculated by adding fat-free soft tissue of
both arms and legs. In the case parts of the arm (n = 24) or parts
of the leg (n = 1) were not completely visible in the field of scanning, or a hip or knee prothesis was present in one leg only (n =
24), the opposite body part was used in duplicate instead.
The presence (yes or no) of obstructive lung disease (asthma,
chronic bronchitis or pulmonary emphysema) and cancer (malignant neoplasms) was determined by explicitly asking the participants whether they had these diseases. The accuracy of self-report
data for these diseases as compared to general practitioners’ information was shown to be adequate [24]. Smoking status and
history were assessed and categorized into current, former, and
never smokers. Former smokers who stopped smoking more than
15 years ago were classified as never smokers since mortality in
former smokers approaches the level of never smokers after a
smoking cessation time of 10–20 years [25, 26].

Table 1. Description of the study sample by sex and 12-year all-cause mortality
Men

Total
Age, years
BMI
Body height, cm
Weight change in past 3 years, kg
Obstructive lung disease, %
Cancer, %
Smoking (current or past <15 years ago), %
Body composition measures determined by DXA
Body fat, %
Appendicular skeletal MM, kg
Leg FM, kg
Arm FM, kg
Trunk FM, kg

Women

overall

survived

deceased

p

overall

survived

deceased

p

242
74.8 (6.4)
25.8 (3.2)
173.8 (6.4)
–0.4 (3.9)
16.9
8.7
42.1

109
71.6 (5.1)
26.3 (3.0)
174.7 (6.4)
0.4 (3.3)
10.1
1.8
32.1

133
77.4 (6.2)
25.4 (3.4)
173.1 (6.3)
–1.0 (2.3)
22.6
14.3
50.4

0.000
0.045
0.051
0.008
0.016
0.001
0.006

235
74.0 (6.3)
27.5 (4.8)
161.5 (6.1)
–0.2 (3.6)
12.8
13.6
26.4

143
71.7 (5.0)
27.5 (4.4)
161.8 (6.3)
0.2 (3.8)
7.7
11.9
25.2

92
77.6 (6.2)
27.5 (5.3)
161.0 (5.6)
–0.9 (3.3)
20.7
16.3
28.3

0.000
0.911
0.312
0.034
0.007
0.442
0.710

28.3 (6.4)
21.5 (2.7)
4.4 (1.5)
4.6 (1.5)
12.3 (5.0)

28.8 (6.3)
22.2 (2.4)
4.6 (1.4)
4.8 (1.4)
13.0 (5.0)

27.8 (6.8)
20.9 (2.8)
4.3 (1.6)
4.5 (1.5)
11.7 (5.0)

0.252
0.000
0.150
0.129
0.059

42.8 (7.5)
14.7 (2.2)
7.4 (2.7)
7.5 (2.8)
15.3 (5.6)

43.7 (6.7)
14.6 (2.3)
7.5 (2.5)
7.7 (2.7)
15.8 (5.3)

41.4 (8.6)
14.7 (2.2)
7.3 (2.9)
7.2 (2.9)
14.5 (6.1)

0.020
0.630
0.645
0.221
0.095

Values are mean (SD) unless stated otherwise. The difference between alive and deceased persons (p value) is tested by a Student t test or a general
linear model. DXA measures are adjusted for age and body height.

Table 2. The HR of 12-year mortality per one SD lower value of the body composition measure as determined by DXA
Total

Analysis adjusted for
height

height and age

height, age and
other body comp.
measures1

height, age, other
body comp. measures1,
smoking, cancer, and
obstructive lung disease

height, age, other body comp.
measures1, smoking, cancer,
obstructive lung disease, and
weight change in past 3 years

Men
Appendicular skeletal MM
Leg FM
Arm FM
Trunk FM

117
126
129
118

1.88 (1.22–2.89)
1.92 (1.18–3.12)
1.54 (0.96–2.48)
1.32 (0.87–2.00)

1.64 (1.08–2.50)
1.76 (1.09–2.86)
1.35 (0.83–2.17)
1.37 (0.90–2.09)

1.59 (1.04–2.42)
1.68 (1.04–2.72)
1.28 (0.79–2.08)
1.36 (0.89–2.08)

1.49 (0.97–2.28)
1.46 (0.89–2.41)
1.29 (0.80–2.09)
1.39 (0.90–2.15)

1.31 (0.84–2.06)
1.26 (0.73–2.16)
1.10 (0.65–1.85)
1.30 (0.81–2.08)

Women
Appendicular skeletal MM
Leg FM
Arm FM
Trunk FM

127
131
130
123

0.83 (0.44–1.57)
1.51 (0.83–2.77)
2.05 (1.08–3.89)
2.32 (1.43–3.75)

0.92 (0.49–1.74)
1.18 (0.66–2.12)
1.20 (0.66–2.20)
1.61 (1.02–2.52)

0.80 (0.40–1.57)
1.18 (0.66–2.11)
1.20 (0.64–2.24)
1.61 (1.02–2.53)

0.72 (0.34–1.54)
1.21 (0.66–2.22)
1.22 (0.65–2.31)
1.94 (1.20–3.14)

0.63 (0.28–1.38)
0.97 (0.51–1.85)
0.91 (0.46–1.78)
1.65 (0.94–2.88)

Analyses are performed on the left side of the dose-response curve, below a Z score of zero (see fig. 1).
Analyses of appendicular skeletal MM are adjusted for leg FM, arm FM and trunk FM; analyses of leg FM, arm FM, and trunk FM are adjusted for
appendicular skeletal MM.

body fat (in women only) than those who survived. In addition, men who died had a lower appendicular skeletal
MM than men who survived. Leg FM, arm FM and trunk
FM did not statistically significantly differ between those
who died and those who survived. Pearson’s correlation
coefficients between appendicular skeletal MM and FM
of the leg, arm or trunk FM varied from 0.35 to 0.38 in
men and from 0.38 to 0.42 in women. Between trunk FM

and FM of the leg or arm they varied from 0.75 to 0.78 in
both men and women. The correlation coefficient between leg FM and arm FM was 0.89 in men and 0.92 in
women.
In men, after adjustment for height, appendicular skeletal MM showed a reversed J-shaped association with 12year mortality, while a U-shaped association was found
for arm and leg FM and a linearly decreasing association
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1

Women
3.5
3.0
2.5
2.0

1.5

1.5

HR

HR

Men
3.5
3.0
2.5
2.0

1.0

1.0

0.5

0.5
–2

–1

0
Z score

1

2

–2
–1
0
0
1
2
Z score
Z score
Adjusted for height, age and other body composition measures

1

2

0
Z score

1

–2

2

Adjusted for height
3.5
3.0
2.5
2.0
HR

HR

3.5
3.0
2.5
2.0
1.5

1.5

1.0

1.0

0.5

0.5
–2

–1

3.5
3.0
2.5
2.0

3.5
3.0
2.5
2.0
HR

HR

–1

1.5

1.5

1.0

1.0

0.5

0.5
–2

–1

–2
–1
0
1
0
1
2
Z score
Z score
Adjusted for height, age, other body composition measures, smoking, cancer, obstructive lung disease,
and weight change in the past 3 years

2

Fig. 1. Dose-response associations of different body composition measures determined by DXA with 12-year
all-cause mortality, by sex. Black line: appendicular skeletal MM; grey line: leg FM; dashed grey line: arm FM;
dashed black line: trunk FM. Analyses of appendicular skeletal MM are adjusted for leg FM, arm FM and trunk
FM; analyses of leg FM, arm FM, and trunk FM are adjusted for appendicular skeletal MM.
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also after additional adjustment for age and the other
body composition measures. Adjustment for smoking
status, obstructive lung disease and cancer attenuated the
associations and they were no longer statistically significant. Additional adjustment for weight change in the past
Wijnhoven et al.
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for trunk FM (fig. 1). Below a Z score of zero (sample
mean), the corresponding HRs per one SD lower value of
the body composition measures are shown in table 2 and
reveal a statistically significant association with mortality for lower appendicular skeletal MM and lower leg FM,

Discussion

In our study sample of Dutch community-dwelling
persons aged 65 years and older, mostly reversed J-shaped
(appendicular skeletal MM in men) and U-shaped (FM)
associations were found between body composition measures and mortality. Below the sample mean, a 60% higher 12-year mortality risk was observed for one SD lower
appendicular skeletal MM and one SD lower leg FM in
men and for one SD lower trunk FM in women, after adjustment for height and age and each other. Associations
attenuated and became statistically nonsignificant in
men after adjustment for cancer, obstructive pulmonary
disease and smoking and in women after additional adjustment for previous 3-year weight change.
The strengths of this study are the long (12-year) follow-up, the accurate assessment of regional body composition, the inclusion of different regional fat depots and
the separate analysis of men and women. Another
strength was the use of sophisticated spline regression
techniques, which allowed a detailed study of the exact
dose-response relationships which turned out to be nonlinear.
To our knowledge, there are only two previous comparable studies in a general older population using accurate imaging techniques. One study found an increased
6-year mortality risk for both low muscle and fat area of
the calf using CT, which disappeared after adjustment for
age and gender [11]. However, no data were presented for
men and women separately. Another study found an inLow Fat and Muscle Mass and Mortality
in Old Age

creased 6-year mortality risk for low leg muscle area using CT in men but not in women, while no associations
were found for arm muscle area using CT or leg or arm
LM using DXA [10]. Results on FM were not reported.
Linear models were used in both studies [10, 11], which
may have weakened or obscured existing associations at
low values, since our data show that the association of FM
and MM with mortality is mostly non-linear.
With respect to differences in regional FM, in men
only lower leg FM was found to be associated with mortality and not lower trunk or arm FM. These results are
in line with previous studies suggesting a beneficial
health effect of gluteofemoral FM and not of arm FM [15]
or trunk FM [12–14]. Contrary to what we had expected
based on previous studies [12–14], in women, a higher
mortality risk was observed for low trunk FM and not for
low leg FM. One potential explanation may be that there
are sex-specific changes in body composition with weight
loss as discussed later on.
An important issue to discuss is the causality of the
observed associations. It is possible that underlying diseases cause weight loss as well as an increased mortality
risk. For example, a recent meta-analysis of 57 studies
suggests that the increased mortality risk at low BMI values may be explained by respiratory disease and lung cancer [30]. Adjustment for smoking status, obstructive lung
disease and cancer indeed attenuated the observed associations in men but not in women. Nevertheless, also in
men, the point estimates did not reduce to one, indicating
that smoking and underlying diseases may partly explain
the observed associations but not all. Subsequently, excluding all death occurring within the first year after
baseline did not alter the associations [e.g. trunk FM in
women changed from 1.94 (1.20–3.14) to 1.88 (1.16–3.05)].
Stratification by smoking status, obstructive lung disease, and heart disease generally did not alter the associations either (data not shown). It should be noted, however, that adjustment for presence of disease does not take
into account its severity, and residual confounding can
never be excluded.
Another explanation may be that lower body composition measures are markers of previous weight loss independent of underlying diseases. Indeed, after additional
adjustment for weight change in the past 3 years, all associations with mortality attenuated and became statistically nonsignificant in women as well. Although this
weight loss may be caused by underlying diseases not accounted for in the adjusted models, it is also possible that
other (psychosocial or economic) factors lead to weight
loss and (a subsequently) increased mortality risk. In othGerontology 2012;58:32–40
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3 years further attenuated the strength of the associations
(table 2).
In women, after adjustment for height, appendicular
skeletal MM showed a linearly increasing association
with 12-year mortality until the sample mean, while a Ushaped association was found for the FM measures (fig. 1).
Below a Z score of zero (sample mean), the corresponding
HRs per one SD lower value of the body composition
measures are shown in table 2 and reveal statistically significant associations with mortality for lower arm FM
and lower trunk FM. The association with arm FM disappeared after adjustment for age, while the association
with trunk FM remained statistically significant after adjustment for age, appendicular skeletal MM, and smoking status, obstructive lung disease and cancer. After adjustment for weight change in the past 3 years, the association with trunk FM was attenuated and became not
statistically significant (table 2).
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ity, while in women who did not use this therapy, low BMI
was associated with an increased mortality risk [38]. Finally, gluteofemoral fat specifically is suggested to be a
determinant of metabolic health in adults as well as in
older persons, possibly through the long-term entrapment of excess fatty acids [14]. However, this does not explain why in our study in older women trunk FM seems
to be beneficial and leg FM is not.
Although DXA measures cannot be assessed in all
health care settings, it is important to disentangle the association of different body mass components with mortality because this may contribute to the ongoing debate
on a consensus definition of cachexia or sarcopenia needed for clinical practice. At present, there are three consensus definitions of cachexia that only differ in minor
points [39]. With respect to body composition, the definition of the European Palliative Care Research Collaborative [40] does not take into account fat loss, while the definition of the Special Interest Group on Cachexia and Anorexia of the ESPEN [41] does take into account fat loss.
The Society for Cachexia and Wasting Disorders [42] includes loss of FM but only secondary to loss of MM. As
our results show that a low FM is associated with an increased mortality risk, especially in women, this may favor the inclusion of fat loss in the cachexia definition. In
addition, differences between men and women need to be
explored in future studies and should be considered with
respect to the definition of cachexia.
Our study has some limitations. Although the LASA
sample is a representative sample of the general older
Dutch population, nonresponders for the DXA examinations were older than responders [16]. When comparing
the included study sample with the not included (overall)
noninstitutionalized LASA sample aged 665 years stratified by sex, no statistically significant differences were
observed for BMI, mid-upper arm circumference, or the
number of chronic diseases (including obstructive lung
disease, cardiac disease, peripheral arterial disease, stroke,
diabetes mellitus, arthritis, and cancer). However, the included sample was somewhat younger for women only
(mean age 74 vs. 76 years), had fewer functional limitations and a lower mortality rate (both sexes; p ! 0.05) than
the excluded sample. These data suggest that although no
major differences were found, the study sample may have
been somewhat healthier than the community-dwelling
older Dutch population, which perhaps weakened the observed associations due to less contrast in the study measures. Furthermore, our study sample was relatively small
and consequently confidence intervals were relatively
wide. Another limitation of this study is that DXA meaWijnhoven et al.
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er words, weight loss itself may also contribute to the
higher mortality risk.
Sex-specific changes in body composition with weight
reduction may explain the observed sex differences in the
associations with low MM, e.g. that a low MM was associated with an increased mortality risk in men but not in
women. This hypothesis is supported by a previous study
in obese adults who lost weight through a diet intervention, which showed that men lose relatively more MM
and women more FM [31]. Also in a general older population, men were shown to lose relatively more LM with
weight loss than women, which was not explained by the
men’s greater initial LM or by their worse health status
[32]. The finding that, in contrast to men, in women lower trunk FM and not leg FM was associated with an increased mortality risk may in part be explained by the
fact that women show an evolutionary preference for FM
storage in their legs [33]. Thus with weight loss, leg FM
may be preserved and trunk FM lost.
Despite the causality discussion, there is also support
for a causal link between low BMI or weight loss and mortality in older persons. A recent meta-analysis of 25 trials
showed that oral protein and energy supplementation in
older undernourished persons (often defined by a low
BMI in combination with weight loss) led to a statistically significant increase in body weight as well as reduction in mortality [34]. In these trials, underlying body
mass components were not assessed. There are a few hypothetical explanations for a causal link between a low
FM and/or a low MM and mortality in older persons. One
is the hypothesis that FM serves as a source of energy
storage. Older persons who become ill may have a better
chance to survive when they have more energy reserves.
Likewise, MM may serve as an (extra) source of energy
storage in men. Although this theory is hard to prove,
there may be some support from observational studies in
a clinical setting of hospitalized older persons [35], hemodialysis patients [36], and cancer patients [37], in which
lower FM determined by DXA was associated with an increased mortality risk as well. No associations were found
for lower LM or appendicular MM, but results were not
stratified by sex, which may have obscured an existing
association in men. However, the observed associations
for low FM may also be explained by the confounding effects of disease severity. In women, yet another hypothesis might be that exogenous or adipose tissue-derived
estrogens protect against certain health risks. This hypothesis is based on the observation that in older women
who use hormone-replacement therapy mainly consisting of estrogens low BMI was not associated with mortal-

surements are not able to differentiate between different
fat depots in the body (i.e. intra- or intermuscular fat tissue). Future, preferably larger, studies are needed to confirm our results, to further investigate the observed differences between men and women and to address how (the
loss of) specific fat depots may influence health.
In summary, based on our study in community-dwelling older persons, both lower appendicular skeletal MM
and lower leg FM are associated with an increased mortality risk in men, while in women, only lower trunk FM
is associated with an increased mortality risk. The causality of these associations can be debated. The observed
sex differences deserve further study.

Acknowledgements
The LASA is largely funded by the Ministry of Welfare, Health
and Sports of the Netherlands. The work of H.A.H.W. is supported by a grant from the Netherlands Organisation for Health Research and Development (ZonMw; grant number 6004.0001).
We thank the participants of LASA for their conscientious collaboration and the other investigators and staff of LASA for their
efforts.

Disclosure Statement
None of the authors have a conflict of interest or financial interest with regard to the publication of this work.

References

Low Fat and Muscle Mass and Mortality
in Old Age

9 Zhu S, Heo M, Plankey M, Faith MS, Allison
DB: Associations of body mass index and anthropometric indicators of fat mass and fat
free mass with all-cause mortality among
women in the first and second national
health and nutrition examination surveys
follow-up studies. Ann Epidemiol 2003; 13:
286–293.
10 Newman AB, Kupelian V, Visser M, Simonsick EM, Goodpaster BH, Kritchevsky SB,
Tylavsky FA, Rubin SM, Harris TB: Strength,
but not muscle mass, is associated with mortality in the health, aging and body composition study cohort. J Gerontol A Biol Sci Med
Sci 2006;61:72–77.
11 Cesari M, Pahor M, Lauretani F, Zamboni V,
Bandinelli S, Bernabei R, Guralnik JM, Ferrucci L: Skeletal muscle and mortality results
from the InCHIANTI study. J Gerontol A
Biol Sci Med Sci 2009; 64:377–384.
12 Snijder MB, Dekker JM, Visser M, Bouter
LM, Stehouwer CD, Yudkin JS, Heine RJ,
Nijpels G, Seidell JC: Trunk fat and leg fat
have independent and opposite associations
with fasting and postload glucose levels: the
Hoorn study. Diabetes Care 2004; 27: 372–
377.
13 Snijder MB, Visser M, Dekker JM, Goodpaster BH, Harris TB, Kritchevsky SB, De
Rekeneire N, Kanaya AM, Newman AB,
Tylavsky FA, Seidell JC: Low subcutaneous
thigh fat is a risk factor for unfavourable glucose and lipid levels, independently of high
abdominal fat. The Health ABC Study. Diabetologia 2005;48:301–308.
14 Manolopoulos KN, Karpe F, Frayn KN: Gluteofemoral body fat as a determinant of metabolic health. Int J Obes (Lond) 2010; 34:
949–959.
15 Tanko LB, Bagger YZ, Alexandersen P,
Christiansen C, Larsen PJ: Peripheral adiposity and cardiovascular risk (letter). Circulation 2003;108:e164.

16 Wijnhoven HA, van Bokhorst-de van der
Schueren MA, Heymans MW, de Vet HC,
Kruizenga HM, Twisk JW, Visser M: Low
mid-upper arm circumference, calf circumference, and body mass index and mortality
in older persons. J Gerontol A Biol Sci Med
Sci 2010;65:1107–1114.
17 Deeg DJ, van Tilburg T, Smit JH, de Leeuw
ED: Attrition in the Longitudinal Aging
Study Amsterdam. The effect of differential
inclusion in side studies. J Clin Epidemiol
2002;55:319–328.
18 Pluijm SM, Visser M, Smit JH, Popp-Snijders
C, Roos JC, Lips P: Determinants of bone
mineral density in older men and women:
body composition as mediator. J Bone Miner
Res 2001;16:2142–2151.
19 Chumlea WC, Roche AF, Steinbaugh ML:
Estimating stature from knee height for persons 60 to 90 years of age. J Am Geriatr Soc
1985;33:116–120.
20 Frank E, Dunlop AL: What does a patient’s
outfit weight? Fam Med 2000;32:595–596.
21 Visser M, Fuerst T, Lang T, Salamone L, Harris TB: Validity of fan-beam dual-energy Xray absorptiometry for measuring fat-free
mass and leg muscle mass. Health, aging,
and body composition study – dual-energy
X-ray absorptiometry and body composition
working group. J Appl Physiol 1999;87:1513–
1520.
22 Visser M, Goodpaster BH, Kritchevsky SB,
Newman AB, Nevitt M, Rubin SM, Simonsick EM, Harris TB: Muscle mass, muscle
strength, and muscle fat infiltration as predictors of incident mobility limitations in
well-functioning older persons. J Gerontol A
Biol Sci Med Sci 2005; 60:324–333.
23 Wang ZM, Visser M, Ma R, Baumgartner
RN, Kotler D, Gallagher D, Heymsfield SB:
Skeletal muscle mass: evaluation of neutron
activation and dual-energy X-ray absorptiometry methods. J Appl Physiol 1996; 80:
824–831.

Gerontology 2012;58:32–40

39

Downloaded by:
Vrije Universiteit
130.37.210.210 - 7/26/2013 10:52:13 AM

1 Dey DK, Rothenberg E, Sundh V, Bosaeus I,
Steen B: Height and body weight in the elderly. I. A 25-year longitudinal study of a
population aged 70 to 95 years. Eur J Clin
Nutr 1999;53:905–914.
2 Corrada MM, Kawas CH, Mozaffar F, Paganini-Hill A: Association of body mass index
and weight change with all-cause mortality
in the elderly. Am J Epidemiol 2006;163:938–
949.
3 Breeze E, Clarke R, Shipley MJ, Marmot MG,
Fletcher AE: Cause-specific mortality in old
age in relation to body mass index in middle
age and in old age: follow-up of the Whitehall
cohort of male civil servants. Int J Epidemiol
2006;35:169–178.
4 Flegal KM, Graubard BI, Williamson DF,
Gail MH: Impact of smoking and preexisting
illness on estimates of the fractions of deaths
associated with underweight, overweight,
and obesity in the US population. Am J Epidemiol 2007;166:975–982.
5 Richman EL, Stampfer MJ: Weight loss and
mortality in the elderly: separating cause and
effect. J Intern Med 2010;268:103–105.
6 Heitmann BL, Erikson H, Ellsinger BM,
Mikkelsen KL, Larsson B: Mortality associated with body fat, fat-free mass and body
mass index among 60-year-old Swedish
men – a 22-year follow-up. The study of men
born in 1913. Int J Obes Relat Metab Disord
2000;24:33–37.
7 Bigaard J, Frederiksen K, Tjonneland A,
Thomsen BL, Overvad K, Heitmann BL, Sorensen TI: Body fat and fat-free mass and allcause mortality. Obes Res 2004;12:1042–1049.
8 Allison DB, Zhu SK, Plankey M, Faith MS,
Heo M: Differential associations of body
mass index and adiposity with all-cause
mortality among men in the first and second
national health and nutrition examination
surveys (NHANES I and NHANES II) follow-up studies. Int J Obes Relat Metab Disord 2002;26:410–416.

40

31 Bienek A, Kottmann U, Wirth A: Sex-specific changes in body composition during
weight reduction (in German). Dtsch Med
Wochenschr 1990;115:963–968.
32 Newman AB, Lee JS, Visser M, Goodpaster
BH, Kritchevsky SB, Tylavsky FA, Nevitt M,
Harris TB: Weight change and the conservation of lean mass in old age: the health, aging
and body composition study. Am J Clin Nutr
2005;82: 872–878, quiz 915–916.
33 Henche SA, Torres RR, Pellico LG: An evaluation of patterns of change in total and regional body fat mass in healthy Spanish subjects using dual-energy X-ray absorptiometry (DXA). Eur J Clin Nutr 2008; 62:
1440–1448.
34 Milne AC, Potter J, Vivanti A, Avenell A:
Protein and energy supplementation in elderly people at risk from malnutrition. Cochrane Database Syst Rev 2009;CD003288.
35 Bouillanne O, Dupont-Belmont C, Hay P,
Hamon-Vilcot B, Cynober L, Aussel C: Fat
mass protects hospitalized elderly persons
against morbidity and mortality. Am J Clin
Nutr 2009;90:505–510.
36 Kakiya R, Shoji T, Tsujimoto Y, Tatsumi N,
Hatsuda S, Shinohara K, Kimoto E, Tahara
H, Koyama H, Emoto M, Ishimura E, Miki T,
Tabata T, Nishizawa Y: Body fat mass and
lean mass as predictors of survival in hemodialysis patients. Kidney Int 2006; 70: 549–
556.

Gerontology 2012;58:32–40

37 Fouladiun M, Korner U, Bosaeus I, Daneryd
P, Hyltander A, Lundholm KG: Body composition and time course changes in regional
distribution of fat and lean tissue in unselected cancer patients on palliative care – correlations with food intake, metabolism, exercise capacity, and hormones. Cancer 2005;
103:2189–2198.
38 Singh PN, Lindsted KD, Fraser GE: Body
weight and mortality among adults who never smoked. Am J Epidemiol 1999; 150: 1152–
1164.
39 Argiles JM, Anker SD, Evans WJ, Morley JE,
Fearon KC, Strasser F, Muscaritoli M, Baracos VE: Consensus on cachexia definitions. J
Am Med Dir Assoc 2010;11:229–230.
40 Blum D, Omlin A, Fearon K, Baracos V, Radbruch L, Kaasa S, Strasser F: Evolving classification systems for cancer cachexia: ready
for clinical practice? Support Care Cancer
2010;18:273–279.
41 Muscaritoli M, Anker SD, Argiles J, Aversa
Z, Bauer JM, Biolo G, Boirie Y, Bosaeus I, Cederholm T, Costelli P, Fearon KC, Laviano A,
Maggio M, Rossi Fanelli F, Schneider SM,
Schols A, Sieber CC: Consensus definition of
sarcopenia, cachexia and pre-cachexia: joint
document elaborated by special interest
groups (SIG) ‘cachexia-anorexia in chronic
wasting diseases’ and ‘nutrition in geriatrics’. Clin Nutr 2010;29:154–159.
42 Evans WJ, Morley JE, Argiles J, Bales C,
Baracos V, Guttridge D, Jatoi A, KalantarZadeh K, Lochs H, Mantovani G, Marks D,
Mitch WE, Muscaritoli M, Najand A, Ponikowski P, Rossi Fanelli F, Schambelan M,
Schols A, Schuster M, Thomas D, Wolfe R,
Anker SD: Cachexia: a new definition. Clin
Nutr 2008;27:793–799.

Wijnhoven et al.

Downloaded by:
Vrije Universiteit
130.37.210.210 - 7/26/2013 10:52:13 AM

24 Kriegsman DM, Penninx BW, van Eijk JT,
Boeke AJ, Deeg DJ: Self-reports and general
practitioner information on the presence of
chronic diseases in community dwelling elderly. A study on the accuracy of patients’
self-reports and on determinants of inaccuracy. J Clin Epidemiol 1996;49:1407–1417.
25 Kawachi I, Colditz GA, Stampfer MJ, Willett
WC, Manson JE, Rosner B, Hunter DJ, Hennekens CH, Speizer FE: Smoking cessation in
relation to total mortality rates in women. A
prospective cohort study. Ann Intern Med
1993;119:992–1000.
26 Paganini-Hill A, Hsu G: Smoking and mortality among residents of a California retirement community. Am J Public Health 1994;
84:992–995.
27 Gilboa SM, Correa A, Alverson CJ: Use of
spline regression in an analysis of maternal
prepregnancy body mass index and adverse
birth outcomes: does it tell us more than we
already know? Ann Epidemiol 2008;18:196–
205.
28 Rosenberg PS, Katki H, Swanson CA, Brown
LM, Wacholder S, Hoover RN: Quantifying
epidemiologic risk factors using non-parametric regression: model selection remains
the greatest challenge. Stat Med 2003; 22:
3369–3381.
29 Kruizenga HM, Wierdsma NJ, van Bokhorst
MA, de van der S, Haollander HJ, JonkersSchuitema CF, van der Heijden E, Melis GC,
van Staveren WA: Screening of nutritional
status in the Netherlands. Clin Nutr 2003;22:
147–152.
30 Prospective Studies C: Body-mass index and
cause-specific mortality in 900,000 adults:
collaborative analyses of 57 prospective
studies. Lancet 2009;373:1083–1096.

